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A Touchable Pulsed Air Plasma Plume
Driven by DC Power Supply

ShuQun Wu, XinPei Lu, Senior Member, IEEE, ZiLan Xiong, and Yuan Pan

Abstract—It remains a challenge to generate cold air plasma
at atmospheric pressure. In this paper, a room-temperature
atmospheric-pressure air plasma plume is generated by a dc power
supply. Current–voltage measurements show that the discharge
actually appears periodically with a frequency of about 25 kHz.
The discharge current has a pulsewidth that is less than 100 ns
while its peak value reaches about 17 mA. There is no risk of
glow-arc transition. The plasma can be touched by a bare hand
without any feeling of electrical shock or warmth. The maximum
length of the plasma is about 2 cm. The whole device, including
the power supply, is less than 1 kg. The preliminary inactivation
experiment results show that the plasma can effectively kill Ente-
rococcus faecalis, one of the main types of bacterium causing the
failure of root canal treatment.

Index Terms—Air plasma, atmospheric-pressure plasma,
biomedical application, dc discharge, nonequlibrium plasma,
nonthermal plasma, optical emission spectrum (OES), plasma jet,
plasma medicine, pulse discharge, sterilization.

I. INTRODUCTION

A TMOSPHERIC pressure cold plasmas (APCPs) have re-
ceived a lot of attention recently due to some novel

applications, such as surface and material processing [1]–[3],
absorption and reflection of electromagnetic radiation [4], syn-
thesis of nanomaterial [5], [6], and biomedical applications
[7]–[14]. Among the novel applications, the biomedical ap-
plications of the APCPs, such as sterilization, are attracting
significant attentions. For the biomedical applications, plasma
jet devices, which generate plasmas in open space (surrounding
air) rather than in confined discharge gaps only, have a lot
of advantages over the traditional dielectric barrier discharge
devices [15]–[26]. However, most of the plasma jet devices
reported use noble gases or the mixtures of the noble gases
with a small amount of O2 or with a small amount of air as the
working gases. If ambient air is used as the working gas, the
gas temperature of the plasma is normally quite high, which is
unfavorable for biomedical applications [27], [28]. In addition,
for biomedical applications, it has strict requirements for the
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safety of plasma devices. It is preferable that the device can
be hand held and that the plasma can be directly touched by a
human body without any feeling of electrical shock. Heretofore,
various plasma jet devices, particularly those using room air as
the working gas, are still urgently needed.

In this paper, a simple atmospheric-pressure room-
temperature air plasma device is reported. The device can be
hand held, and the plasma can be touched by a human body
without any electrical shock. The total weight of the device,
including the power supply, is less than 1 kg. The rest of this
paper is organized as follows. In the experimental part, the
device and the diagnostic system will be described in detail.
In the results section, the gas temperature measurement, the
current–voltage characteristics of the discharge, the emission
spectrum of the plasma, and the preliminary decontamination
experimental results will be presented. Finally, a short conclu-
sion will be made in the conclusion section.

II. EXPERIMENTAL SETUP

The device is driven by a homemade dc power supply. The
output voltage of the power supply can be adjusted up to 20 kV.
The output of the power supply is connected to a stainless
steel needle electrode through a resistor R of 120 MΩ. The
tip of the stainless steel needle has a radius of about 50 µm.
When a counter electrode, such as a finger, is placed close to
the needle, a plasma is generated. Fig. 1(a) and (b) shows the
schematic of the device and the photograph of the setup. A
P6015 Tektronix HV probe is used to measure the voltage on
the needle, and a TCP202 Tektronix current probe is used to
measure the discharge current. The optical emission spectra are
measured by a half-meter spectrometer (Princeton Instruments
Acton SpectraHub 2500i).

III. EXPERIMENTAL RESULTS

When the dc power supply is turned on, a plasma is generated
between the tip of the needle and the finger. The plasma is
similar to the positive corona discharge. However, the plasma
generated by this device can be touched by a human body
directly, as shown in Fig. 2, which is not the case for the
traditional corona discharge. The device has no risk of glow-arc
transition. The maximum length of the plasma is about 2 cm.
The gas temperature of the plasma is kept at room temperature,
which can be measured by a thermal meter or estimated accord-
ing to the emission spectrum of the nitrogen second positive
system C3Πu − B3Πg(Δv = −2) emission band. It is about
300 K, according to the thermal meter measurement.

0093-3813/$26.00 © 2010 IEEE
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Fig. 1. (a) Schematic of the device. (b) Photograph of the setup.

Fig. 2. Plasma touched by a finger.

To study the I–V characteristics of the plasma, a P6015
Tektronix HV probe is used to measure the voltage on the
needle, and a TCP202 Tektronix current probe is used to mea-
sure the discharge current. In order to generate the plasma, the
supplied voltage can be varied from about 5 to 20 kV, and the
distance between the tip of the needle and the finger can be ad-
justed from zero to a maximum of about 2 cm. Fig. 3(a) shows
the I–V characteristics of the discharge for a gap distance of
5 mm. It is interesting to notice that the discharge actually
appears periodically with a frequency of about 25 kHz. This is
similar to the well-studied positive corona discharge [29]–[32].

The ballast resistor used in this paper is much higher than
that used by Staack et al., which is no more than 1 MΩ [33],
[34]. In their experiment, Staack et al. observed a direct current
rather than a pulsed current. The gas temperature of the plasma
in their experiment depends on the working gas and the dc
current. When the discharge current is about 1.4 mA, their gas
temperature is about 370 K for pure helium and 1000 K for
pure air. In their experiment, when helium or argon is used, the
discharge voltage remains the same when the discharge current
increases from 0.8 to 3.8 mA. On the other hand, when air
is used, the discharge voltage drops from about 470 to 380 V
while the discharge current increases from 0.8 to 3.8 mA.

To have a close look on the I–V characteristics of each pulse,
Fig. 3(b) shows the current and voltage waveforms of a single
pulse. As we can see from this figure, the discharge current
lasts for about 100 ns. During the discharge, the applied voltage
only drops to about 170 V. The repetition frequency of the pulse
current strongly depends on the gap distance. When the applied
voltage is about 18 kV, the repetition frequency is about 35 kHz
for a gap distance of 3 mm and less than 10 kHz for a gap
distance of 17 mm.

To further investigate how the applied voltages Va affect
the repetitive frequencies f and the peak value Ipeak of the
discharge currents, the repetitive frequencies f and the peak
value Ipeak of the discharge currents for different applied
voltages Va are measured. The gap distance is fixed at 4 mm
for the measurement. Fig. 4(a) and (b) shows how f and
Ipeak change with Va. Fig. 4(a) shows clearly that f increases
with the increase of Va when Va is lower than 12 kV. The
repetitive frequencies f remain at about 35 kHz when Va

keeps increasing. On the other hand, as can be seen from
Fig. 4(b), the peak value Ipeak of the discharge currents has
a linear relationship with Va. The higher the Va, the bigger the
Ipeak.

It should be mentioned that the stray capacitor plays a
very important role during the discharge. After each pulse,
the stray capacitor is recharged until it reaches the breakdown
voltage. Then, the following discharge pulse appears. The stray
capacitance is estimated according to the voltage drops on the
needle and the total charge for a single current pulse for the gap
distance of 5 mm. When the applied voltage is 20 kV, the total
charge Q for a single current pulse is about 0.7 × 10−9 C.
The voltage drop ΔV on the needle is about 170 V. Therefore,
according to C = Q/ΔV , the stray capacitor can be estimated
to be about 4 pF. Because the stray capacitor is small and the
ballast resistor is big, the discharge current pulse only lasts for
a very short time. Therefore, the gas temperature of the plasma
remains at room temperature. Moreover, although the discharge
current peak value is quite high, the pulsewidth of the current is
only about 100 ns. These two characteristics result in the plasma
being able to be touched by a human body without any feeling
of warmth or electric shock, which are two of the distinguishing
features of the device.

An optical emission spectrum (OES) allows the analysis
of the radiation emitted by the atoms, ions, molecules, and
radicals. The OES is very useful for diagnostic purposes, which
give important information about the plasma. The optical emis-
sion is collected from the plasma that is about 5 mm away
from the tip of the needle. The entrance and exit slits of the
spectroscopy are fixed at 100 µm. A grating of 1200 g/mm is
used for the measurement. Fig. 5 shows the emission bands
from the air plasma in the wavelength range of 250–800 nm.
As can be seen, the spectrum is dominated by N2 emission.
Moreover, there is also an O-atom emission. As we know, O
atoms are very active and play a very important role in the
applications of plasma medicine [14].

Finally, to investigate how active the plasma generated by
the device is, the preliminary inactivation experiment results are
presented next. Enterococcus faecalis, one of the main types of
bacterium causing the failure of root canal treatment, is used.
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Fig. 3. (a) Typical I–V characteristics of the plasma. (b) Close look on the I–V characteristics of a typical single pulse.

Fig. 4. (a) Repetitive frequency f and (b) peak value Ipeak of the pulse discharge current for different applied voltages Va. The gap distance is fixed at 4 mm
for the measurement.

Fig. 5. Emission spectrum of the plasma. (a) 250–500 nm. (b) 500–800 nm.

A suspension of about 100 µL containing E. faecalis bacterium
concentrations of 104 CFU/mL is evenly spread over each agar
plate in a Petri dish. The diameter of the Petri dish is about

6 cm. The distance between the needle tip and the bacteria is
about 1 cm. The applied voltage is 9 kV. The treated sample
acts as the cathode. During the treatment, the plasma needle is
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Fig. 6. Photograph of E. faecalis on agar in Petri dish. (a) Treated by the
plasma. (b) Control. The distance between the needle tip and the bacteria
sample is about 10 mm. During the treatment, the petri dish moves with a speed
of about 3 mm/s in a letter “C” pattern.

moving with a speed of about 3 mm/s in a letter “C” over the
Petri dish. The total treatment time is about 1 min. As shown
in Fig. 6(a) and (b), the bacteria are completely removed in the
exposed area.

IV. CONCLUSION

In short, an atmospheric-pressure air plasma is generated
by a homemade dc power supply. The I–V waveforms show
that the discharge is actually pulsed. It appears periodically
with a pulse frequency of about 25 kHz. The pulsewidth of
the discharge current is only about 100 ns, which results in
the gas temperature remaining at room temperature and the
plasma being able to be touched by a human body. Preliminary
inactivation experimental results show that the device can be
used for applications such as root canal treatment.
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