
Mounir Laroussi
Old Dominion University

Most industrial plasmas (ionized gases) have traditionally been 
generated at low pressure where the air in a containment ves-
sel is evacuated and replaced by gas mixtures that are selected 
for specific applications (see Figure 1). Under low pressure 
the electrons and ions that form the plasma do not collide 
too often with each other or with the atoms/molecules of the 
working gas. Uniform plasmas can be easily generated, which 
are used for various applications including the fabrication of 
semiconductor devices with tiny features that can be as small 
as a few nanometers (a few millionth of a millimeter).  Howev-
er, if one wants to generate a similar plasma but at atmospher-
ic pressure one would quickly realize that 1.) It is extremely 
difficult to keep the plasma at a reasonably low temperature 

(a temperature at which the plasma does not burn the items 
it touches), and 2.) It is as difficult to achieve volumetric 
uniformity (same plasma all over). This situation changed 
starting around the early 1990s when a few scientists figured 
out methods to overcome these difficulties. This educational 
brief introduces the reader to the two main plasma sources 
that satisfy the three requirements of a.) low temperature, b.) 
atmospheric pressure, and c.) relatively good plasma unifor-
mity. Working at atmospheric pressure eliminates the need for 
vacuum equipment, which simplifies operations and drastically 
reduces costs. Working at low temperature allows the applica-
tion of plasma to heat sensitive materials including plastics and 
even animal tissues. Having good uniformity allows for similar 
effects all over the surface of the material under plasma treat-
ment. These plasma devices are sometimes referred to as cold 
plasma sources. They are today used for the modification of 
surface properties, to make VUV lamps, for ozone generation, 
in biomedicine, in agricultural applications, and others.

The Dielectric Barrier Discharge (DBD)

The DBD was conceived more than 160 years ago and was 
initially used mainly to generate ozone, O3. Ozone was then 
used to decontaminate water supplies. The DBD is made of 
two metal electrodes that are covered by a dielectric (non-con-
ducting material). The electrodes are separated by a small gap 
where the operating gas is introduced. To generate the plasma 
an AC (alternating current) high voltage is applied to the 
electrodes. The plasma generated by the DBD is not uniform, 
with thin filaments appearing randomly.  In the late 1980s and 
early 1990s researchers reported that by using the DBD with 
noble gases (such as helium) and applying the right range of 
frequencies and electrode gap, uniform, diffuse and volumetric 
low temperature plasmas can be generated at atmospheric 
pressure. This was a game changer and soon enough research 
activities intensified to improve the performance of the DBD. 
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Fig. 1 Image of a low pressure plasma. The plasma is contained inside a 
vacuum chamber where working gas is introduced.
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First, methods to produce diffuse plasmas with various gases 
and gas mixtures were developed. Second, the operating fre-
quency range was extended all the way to DC (direct current) 
by devices like the resistive barrier discharge (RBD) where the 
dielectric was replaced by a high resistivity film. And finally, 
instead of using sinusoidal voltages, researchers started using 
short pulses of electricity (pulse duration as short or shorter 
than a millionth of a second). These pulses energize the elec-
trons in the plasmas but not the ions or the neutral atoms. This 
way the plasma becomes more energized without any rise in 
the gas temperature (See Figure 2).

Low Temperature Plasma Jets

Plasma jets have been around for many decades but most of 
them generated high temperature plasmas (few hundreds to 
thousands of degrees). As such they were not suitable for ap-
plications that require relatively low temperatures (below 100 

degrees), including biomedical applications. In the early 2000s 
researchers came up with new designs that could meet the 
low temperature requirement, these are known as low tem-
perature atmospheric pressure plasma jets (APPJs). APPJs are 
a class of plasma sources that can generate stable thin plumes 
of cold plasma outside the confinement of electrodes and into 
the surrounding environment. Because the plasma propagates 
away from the high voltage region the plasma is electrically 
safe (does not cause electrical shock). Figure 3 shows an im-
age of an APPJ, known as the “plasma pencil” which was one 
of the first cold plasma jets developed specifically for medical 
applications. It is of note to mention here that investigators dis-
covered that the plasma plume is not continuous as it appears 
to the naked eye, but it is in fact made of fast propagating 
discrete plasma packets known as “plasma bullets”.

APPJs have been used extensively in biomedical applications 
(dentistry, wound healing, cancer treatment, etc.) because 
of their unique properties of 1.) delivering the plasma to the 
target (cells, tissues, etc.) without using the target as a counter 
electrode, 2.) they can be accurately aimed at specific loca-
tions for local treatment. 3.) they can be portable and hand-
held. Recently researchers made them even more practical 
by using batteries or piezoelectric transformers to supply the 
electricity to these devices. Figure 4 shows an image of a plas-
ma jet driven by piezoelectricity.

Fig. 2 Image dieletric barrier discharge driven by short pulses of electricity.  
Gas: Helium.

Fig. 2 Image of the plasma pencil in operation.

Fig. 4 Plasma jet driven by a piezoelectric transformer. Photo courtesy Dr. Claire 
Tendero
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