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Abstract

Microplasmas represent, by their physical nature, a considerable potential for medical applications given their highly accurate action and
extremely controllable penetration on the surface of biological tissue. This plasma modality is today a powerful tool in practical applications such
as the elimination of necrotic cells or the sterilization of dental cavities. As we start up a research line into this technology, we have constructed a
plasma needle capable of producing non thermal plasmas, within a 1 mm radius, produced by a typical 13.56 MHz RF generator. The plasma is
developed out of helium and argon. Initial electrical tests show that the plasma needle can operate at comparatively low voltages (peak to peak
100–250 V) and low power consumption. With a view to optimizing the medical applicability of the system, a study of the effects of plasma
temperature and power variation at different distances is presented.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

There exists a live interest in the generation of non thermal
plasmas at atmospheric pressure as an economical alternative to
low pressure plasmas [1] due to their applicability on materials
and organisms that are not resistant to vacuum with an emphasis
on the surface treatment and modification of biological and
biocompatible substances [2] including sterilization, cell
remotion or even the implant of proteinous micro contacts in
polymer based substrata.

Generally with deposition purposes, the maintenance of a
sufficiently stable non thermal plasma behaviour is fundamental
as to minimize the thermal load applied to a sample and to the
production of high degree active species for the optimization of
processes [3].

High voltage RF excitation sources can produce steady state
glow discharges at room pressure out of air or other gases. The
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resulting electric field must be strong enough as to break down
the insulation created by a particular gas, albeit helium (He) and
argon (Ar) demand a lower potential than air. Atmospheric
pressure plasmas require high voltages to be established, which,
in turn, implies a high power density with all the risks, electric
and thermal, associated to such a technology.

In this work, some results from the generation of glow
discharge plasma at room pressure and temperature within a
reduced cylinder volume (0.25 to 2.0 mm in radius) and the
electrical characterization of the respective already built system
are presented. The latter exhibits a potential for medical
applications, provided that the plasma interaction is kept strictly
local, such as in sterilizing dental cavities prior to filling or
restoring them as well as healing superficial wounds.

2. System description

The plasma needle device is built as an assembly of elements
in a coaxial configuration. In its central part, a tungsten filament
plays the role of energizing electrode. It is surrounded by a
ceramic pipe providing both mechanical rigidity and electric
insulation. This electrode is only visible from the very tip of the
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Fig. 1. Schematic diagram of the experimental set up.

Fig. 2. (a) Magnitude and (b) angle of the plasma impedance intersection
between the obtained results from the model and the experimental set up.
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device where the outer glass tube is encasing ends. The whole
set is assembled on a stainless steal framework where the gas
nozzle, the electrode connection to a female BNC and additional
coaxial components meet.

The constructed plasma needle is the kernel of the
experimental set up. This consists of an ENI-ACG-3B
commercial RF voltage source which supplies the load with
an adjustable level of power with 1.0 W increments. The power
is channeled by a π-type coupling network (CN) designed and
constructed to match the needle and the RF source, all the
connections being made of coaxial cable (see Fig. 1). The gas
flux is measured by a commercially available Top Track Sierra
Instruments Inc. meter with a 0 to 40 SLM range. Most
electrical measurements were carried out by means of a
THS720A Tektronix oscilloscope equipped with a P6109B
10× voltage probe and a CT-1 current probe located at the
coupling network input.

3. Results and discussion

The RF power required to keep the needle under steady state
operation is relatively low. The experiments have been conducted
between 5 and 20 W by sweeping the power range down to the
point of the discharge extinction. In order to characterize elec-
trically the whole set up, voltage and current were obtained at
specific conditions of gas flux and composition.

However, a direct measurement on this kind of discharges is
not possible. Thus, an estimation method for the system vari-
ables becomes necessary. Three analytical expressions allow to
identify the system operation; the total impedance of the system
can be defined as:

ZT ¼ ZP−x2C2LZP þ jxL
1−x2LC1 þ jðxC1ZP þ xC2ZP−x3C1C2ZPLÞ ð1Þ

The voltage transfer function is given by:

VZP

Vi
¼ 1

1−x2C2Lþ jxðL=ZPÞ ð2Þ

and finally, the current transfer function can be expressed by:

IZP
Ii

¼ 1
ð1−x2C1LÞ−jxZPðx2C1C2L−C1−C2Þ ð3Þ
where: ω=2πf, f=13.56 MHz, C1 is the input capacitance, C2

is the output variable capacitor, L is the series inductance and
ZP is the plasma impedance.

Variables such as the impedance angle relating directly
voltage and current have been considered in order to validate the
model. This angle can be obtained from

u ¼ cos−1
Pi

Vid Ii

� �
ð4Þ

where the power output Pi of the RF generator is related with
the applied voltage and current.

Fig. 2(b) shows the domain of the φ angle which varies from
1.516 to 1.539 radians. It is limited by two horizontal planes
obtained from measures of ViIi (Eq. (4)). Meanwhile, the
vertical plane represents the measured value of C2. The
impedance of plasma is obtained from this delimitation and
lies between 10 kΩ and 19 kΩ, yielding a value within 10.9–
17.2 kΩ for He and 13.3–19.5 kΩ for Ar. As a result of this, the
total system impedance is equal to 72 Ω, as shown in Fig. 2(a).
Such resistance can be mainly attributed to electron–neutral
collisions [4], where the conductivity can be expressed as [5]:

r ¼ e2ne
mevea

½X−1m−1�: ð5Þ

with an electron–atom collision rate vea=3.02×10
12 s−1 for

He and vea=1.14×10
12 s−1 for Ar, at the 570 T experimental



Fig. 3. Needle length and focus with respect to power supply in (a) He, (b) Ar.
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pressure. On the other hand, the conductivity can be put as
[5]:

r ¼ L
AZP

½X−1m−1�: ð6Þ

This equation takes into consideration the average needle
diameter in order to obtain the cross section (A): 2 mm in case of
He and 2.5 mm for Ar. Fig. 3 portrays the beam focus and the
plasma needle length (L) variations at divers flows of He and Ar.
Both diameter and length increased with the power in all cases;
in particular, the length became considerably extended when the
Ar flux went from 2 to 4 l/min. Yet, the diameter at the needle
tip was generally wider with Ar.

Fig. 4 shows the outcome of the calculation of the electron
density applying a flux rate of 4 l/min for the cases of He and
Ar. Notice that the plasma density increases with the power
Fig. 4. Estimation of electron density as a function of the power input.
supply, especially at powers above 9 W. This fact is also
observable for the jet temperature responses of He and Ar, as
shown in Fig. 5, at several power, flux and distance conditions.
In all cases, the temperature rose with the power input pointing
to better energy transference from the electrons to the heavy
species when temperatures are high. On the other hand, the
temperature diminishes as the gas flux or the distance to the
sensor are increased.

4. Conclusions

We have contributed to the development of RF room pressure
plasma discharge technologies with the development of a
compact torch with a potential to cleanse and sterilize dental
cavities. The model created for this purpose, allows determining
the main electrical characteristics of the discharge out of the
network elements as well as the voltage and current values. The
latter are particularly useful given that otherwise, namely directly
applying measurement instruments to the discharge output,
introduces severe perturbations to the system.

By varying the power supply it has been possible to
experience an increase in the beam diameter and length both in
the case of helium and argon. Furthermore, the electron density
Fig. 5. Temperature dependence on power in (A) He and in (B) Ar on flux and
distance to the sensor: (a) 2 l/min and 2 mm (b) 3 l/min and 2 mm, (c) 4 l/min and
2 mm, (d) 2 l/min and 4 mm, (e) 3 l/min and 4 mm (f) 4 l/min and 4 mm, (g) 2 l/
min and 6 mm, (h) 3 l/min and 6 mm, (i) 4 l/min and 6 mm.
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exhibited an increase with the power level, more in the argon
case, than in the case of helium; but, the discharge temperature
is similar in both gases.
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