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Publications describing microplasmas, which are commonly deﬁned as plasmas with
at least one dimension in the submillimeter range, began to appear to the scientiﬁc
literature about 20 years ago. As discussed in a recent review by Schoenbach and
Becker [1], interest and activities in basic microplasma research as well as in the
use of microplasma for a variety of application has increased signiﬁcatly over the past
20 years. The number of papers devoted to basic microplasma science increased by an
order of magnitude between 1995 and 2015, a count that excludes publications dealing
exclusively with technological applications of microplasmas, where the microplasma is
used solely as a tool. In reference [1], the authors limited the topical coverage largely
to the status of microplasma science and our understanding of the physics principles
that enable microplasma operation and further stated that the rapid proliferation of
microplasma applications made it impossible to cover both basic microplasma science
and their application in a single review article.
Some microplasmas are thermal in nature, where the gas temperature is far above
the room temperature and is approaching the electron temperature. Another group
of microplasmas is nonthermal (also referred to as nonequilibrium or “cold”), with
gas temperatures much below electron temperatures. Their electron energy distribution contains a tail of high energy electrons, which causes high excitation, ionization,
and dissociation rates. Research into nonthermal microplasmas has enjoyed an enormous growth in the past two decades. These plasmas are particularly attractive for
a plethora of applications because they can be operated stably at high gas pressures,
in rare gases as well as in molecular gases and gas mixtures, operated in a direct
current (dc) mode as well as in pulsed dc and alternate current (ac) modes. Modeling
and improved diagnostics have allowed us in the past decade to gain more insight
into the speciﬁc properties of nonthermal micro-plasmas. Electron densities exceeding 1016 cm−3 have been measured in pulsed microplasmas [1]. Gas temperatures,
on the other hand, can be close to room temperature at low currents in rare gases
and generally reach not more than 2000 K in atmospheric-pressure air microplasmas.
With discharge voltages of a few hundred volts, and current densities on the order of
a
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10 A/cm2 (at currents of 1 mA in a microplasma device with a 100 µm cathode opening), the power densities in such a microplasma with typical dimensions of 100 µm
can reach values on the order of 105 Wcm−1 [1]. Progress into the basic science as
well as some applications in the ﬁrst 10 years was summarized in a few reviews [2–7].
The latter review [7] also discussed transient, ﬁlamentary plasmas.
The nonthermal nature of microplasmas in conjunction with the possibility of
stable high-pressure operation, high power density, non-Maxwellian electron energy
distributions with a signiﬁcant component of energetic electrons, low gas temperatures
(down to ambient temperature), and the possibility to build two-dimensional arrays
without individual ballasting have made it possible to create microplasma devices
for a wide range of applications. A number of reviews focused on selected areas of
microplasma applications [8–13]. The development of excimer lamps with emissions in
the VUV was one of the ﬁrst application-oriented developments using microplasmas
[7]. The same basic mechanism, three-body reactions, forms the basis for microplasmabased ozone generators [14].
The resistive character of microplasmas under certain operating conditions giving rise to the creation of large microplasma-arrays made possible ﬂat panel light
sources with more than 105 individual microplasmas. Addressable ﬂat panels have
also been developed based on the same fabrication method. An overview of recent
developments of these devices can be found in reference [9]. Another area where microplasmas have been successfully introduced is in material processing, particularly
the synthesis of nanoparticles [15, 16]. Plasma medicine is an emerging area of application, which has gained strongly in interest by the scientiﬁc community. Reviews
on this topic have been published as early as 2005, and continue to appear regularly
in the literature. However, many of these reviews typically cover only parts of this
expanding research area [17–20]. Major advances were made possible by the development of plasma sources that are biocompatible (i.e., satisfy strict conditions in
terms of their electrical, chemical, and thermal properties), consist of biocompatible
materials, and can generate copious amounts of reactive radicals and deliver them
to biological tissue via plasma jets. We note that medical applications of plasmas
also bear risks, which should be properly assessed [21]. Besides medical applications,
studies on environmental applications have been performed (see e.g., Becker [22] and
references therein). Lesser known, but important applications of microplasmas, are in
the area of detectors [8], and even microthrusters [23].
It should perhaps be noted that the rapid development of microplasma applications has often occurred by trial-and-error without having a good understanding of
the underlying basic science. Plasma applications as diverse as surface modiﬁcation
and functionalization, light sources, ozone generation, pollution control, biological
inactivation, sensors rely on the plasma-initiated generation of chemically reactive
species, in particular reactive oxygen and nitrogen species. We only have an understanding of some of the key plasma chemical reaction pathways that drive the process
in a few applications. Moreover, in almost all areas of application we lack a detailed
knowledge of the coupling of the plasma physics to the plasma chemistry. We do
not yet have the level of understanding of the basic plasma physics that will allow
us to tailor the plasma parameters such as plasma composition and gas temperature, power density, electron density, and electron energy distribution to selectively
maximize the generation of certain plasma species, while minimizing or suppressing
the formation of others. Thus, we lack the ability to achieve control of the plasma
chemistry in many applications by making use of our insight into the basic plasma
physics.
That said, applications can also be powerful drivers and motivators for basic science and the development of new plasma sources. As an example, demands for plasma
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sources with very application–speciﬁc operating parameters and performance characteristics have led to the development of a wide range of microplasma sources [1]
starting with the original concepts of a microplasma generated between parallel-plate
electrodes that included dc microplasmas between a ﬂat cathode and a ring-shaped
electrode (so-called cathode boundary layer plasmas), and ac (microwave) microdischarges between parallel edge electrodes. Very quickly, the need arose for generating
and sustaining microplasmas in two-dimensional microcavity electrode structures excited by dc, ac, and pulsed power. By now, various microplasma arrays have been
demonstrated with arrangements where the individual microplasmas are operated in
series or in parallel. Another variant of microplasma sources based on the so-called
“capillary plasma electrode” concept was developed speciﬁcally for chemical processing, decontamination, and medical sterilization applications [1, 24].
The need for plasma treatment of objects, whose size and shape did not allow
them to be placed in the microplasma gaps for direct place treatment but rather
required remote plasma treatment, led to the advent of various types of atmosphericpressure plasma jets (APPJs). APPJs have gained wide spread use in the past 10
years. Summaries of the performance characteristics of the most commonly employed
APPJs can be found in several excellent reviews [25–27]. In the rapidly developing
ﬁeld of plasma medicine, the excitement stemming from successful applications such
as seeing how the use of a microplasma can accelerate blood coagulation or stimulate
wound healing has triggered many studies into identifying the underlying chemical
and biological reaction path ways initiated by the plasma. Developments in the ﬁeld of
(bio)medical applications of plasmas have given rise to new journals, such as “Plasma
Medicine”, which started in 2011 and is devoted entirely to papers on plasma medicine
[28] and “Clinical Plasma Medicine” [29].
This issue contains articles representing various areas of microplasma-enabled
applications ranging from biological and biomedical applications including bacterial inactivation to new plasma-based devices such as ion sources, hall thrusters, and
two-dimensional plasma jet arrays to ozone generation. Martus and co-workers [30]
used an atmospheric-pressure He plasma to study the regeneration of an amputated
tadpole tail with an emphasis of elucidating the role of reactive oxygen species, antioxidant defenses, and morphological features. The plasma treated tail showed an
increased growth rate, elevated reactive oxygen species and increased antioxidant defenses in the regenerate as opposed to the untreated control. Szili et al. [31] report a
new approach to control protein and cell attachment inside 96-well polystyrene plates.
Bovine serum albumin (BSA) coated wells were treated with a He microplasma jet for
diﬀerent times to remove the BSA from the surface in a controlled fashion. This, in
turn, provided control of the level of enzyme and cell attachment and induced a new
surface chemistry. These results open new avenues for high-throughput screening of
new cell culture platforms where control over the level of protein, enzyme or cell adherence is needed in order to maintain a speciﬁc cell function. Fang and collaborators
[32] studied the synergistic eﬀect of plasma activated water (PAW) and hydrogen peroxide (H2 O2 ), PAW/HP, in the sterilization of S. aureus bacteria. They observed that
PAW/HP as compared to PAW shows signiﬁcantly higher concentrations of reactive
oxygen and nitrogen species, which, in turn, results in a signiﬁcantly higher inactivation eﬃcacy. Zhang and co-workers [33] showed that a low-temperature microplasma
can serve to disinfect cardiac implantable pace makers with high eﬃcacy.
Brandenburg and Saranani [34] studied details of the conversion of the greenhouse
gas carbon dioxide to carbon monoxide in a Dielectric Barrier Discharge (DBD)
in CO2 and CO2 /N2 gas mixtures. These authors analyzed a single ﬁlament DBD
arrangement operated under sinusoidal high-voltage by means of spectroscopic and
electrical diagnostics with high spatial and temporal resolution and sensitivity. They
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found that the ﬁlament development is similar in air or other nitrogen-oxygen gas
mixtures, although the gas composition inﬂuences the duration and other ﬁlament
parameters. On the other hand, increasing the CO2 content in the gas mixture leads
to weaker ﬁlaments and faster quenching of excited molecular states. The optimum
power dissipation into single discharge is obtained for a CO2 content between 20 and
30% by volume. Eden and co-workers [35] presented the results of ozone (O3 ) generation in a new embodiment consisting of an array of thousands of microchannel plasmas
simultaneously, in a so-called plasma chip. This device consists of a ﬂat aluminum
strip fabricated by photolithographic and wet chemical processes and comprises 24−48
channels micromachined into nanoporous aluminum oxide, and embedded electrodes.
The authors showed that the combined output of 18 modules comprising 72 chips
and 1,800 microchannels produced 115 g/hr (2.7 kg/day) O3 . Eﬃciencies exceeding
130 g/kWh when oxygen is used the feedstock gas can be achieved with a high degree
of stability and reliability.
Ding et al. [36] reported the properties of a 200 Watt, no-Wall-Losses Hall Thruster
based on a novel design that veriﬁes the positive eﬀect of “pushing down” the magnetic ﬁeld with two permanent magnetic rings. These authors investigated the thrust,
discharge current, speciﬁc impulse, and eﬃciency and showed that “no erosive discharge” of the wall is achieved in the range of 120−460 W with a maximum eﬃciency
of the anode of about 50%. Xia et al. [37] describe the properties of an ion source
based on a wire-to-plate corona discharge plasma for an Ion Mobility Spectrometer
(IMS). They studied the characteristics of the corona discharge and the ion current detected on a Faraday plate for diﬀerent electrode spacings and voltages. The
present IMS provides a much larger ion current compared to a point-to-plate corona
design.
Zhu and co-workers [38] showed that an AC atmospheric-pressure plasma jet generated in noble gas and noble gas/O2 admixture as working gas has properties similar to those of DC-excited plasma bullets. Bullet speeds in access of 100 m/s were
achieved. Multiple radial jets could be realized with dielectric tubes of diﬀerent sizes.
As a case study, one of these multi-jet devices was used to treat B. aureus on the inner
surface of a plastic beaker and was shown to be much more eﬀective than a single jet.
Lu et al. [39] used non-invasive Stark polarization spectroscopy of the He 447.1 nm
line to determine the electric ﬁeld in an atmospheric-pressure microplasma jet driven
by positive pulsed DC power with a pulse rising time of 60 ns. They determined the
electric ﬁeld strength in the streamer head (Eh ) to be in the range of 9−17 kV/cm,
which was found to ﬁrst increase as the streamer head emerges from the tube exit
and then decreases after reaching a maximum of 17 kV/cm. A similar tendency was
observed for the streamer velocity.
This issue gives but a small glimpse into the diverse range of applications that were
made possible by the advent of microplasmas. The development of these applications
up to now and the potential for their future advancement have greatly beneﬁtted
from the insights obtained from concurrent research activities devoted to basic microplasma science. Likewise, new results from the application of microplasmas, often
obtained without clear understanding of the underlying plasma science principles, and
new ﬁelds of use for microplasmas yet to developed, will stimulate additional basic
microplasma research. Thus, further developments in micro-plasma science and the
use of microplasmas in applications can be expected to go hand-in-hand and enjoy a
mutually beneﬁcial, symbiotic relationship.
I would like to thank my co-guest editors of this issue, Dr. Ronny Brandenburg, Prof.
J. Gary Eden, Dr. XinPei Liu, and Prof. WeiDong Zhu for their dedication and eﬀorts
to help make this issue of EPJ Special Topics a success.
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