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Rather than using noble gas, room air is used as the working gas for an atmospheric pressure
room-temperature plasma. The plasma is driven by submicrosecond pulsed directed current
voltages. Several current spikes appear periodically for each voltage pulse. The first current spike
has a peak value of more than 1.5 A with a pulse width of about 10 ns. Emission spectra show that
besides excited OH, O, N2�C–B�, and N2

+�B–X� emission, excited NO, N2�B–A�, H, and even N
emission are also observed in the plasma, which indicates that the plasma may be more reactive than
that generated by other plasma jet devices. Utilizing the room-temperature plasma, preliminary
inactivation experiments show that Enterococcus faecalis can be killed with a treatment time of only
several seconds. © 2009 American Institute of Physics. �doi:10.1063/1.3258071�

The biomedical applications of atmospheric pressure
nonthermal plasma have recently been attracting significant
attention.1–13 Currently, the working gases of most of the
plasma jet devices are noble gases or mixtures of the noble
gases with a small amount of O2 or air.14–25 If ambient air is
used as the working gas, several serious difficulties are en-
countered in the plasma generation process. Among these
are high gas temperatures and disrupting instabilities.26,27

Equally important, for biomedical applications, it has strict
requirements for the safety of plasma devices. It is preferable
that the device can be handheld and the plasma can be di-
rectly touched by a human without any harm.

In this letter, we present a method whereby stable plasma
in air can be generated. The gas temperature of the plasma is
at room temperature. The plasma can be touched by a human
finger without any harm. Figures 1�a� and 1�b� show the
schematic of the device and photograph of the plasma
touched by a human finger. Figure 1�c� is the photograph of
the device.

The main body of the device is made of a stainless steel
needle. The diameter of the needle tip is about 100 �m. The
stainless steel needle serves as the electrode, which is con-
nected to a high-voltage �HV� submicrosecond pulsed direct
current power supply through an 80 k� ballast resistor and a
36 pF capacitor, where both the resistor and the capacitor are
used for controlling the discharge current and the voltage on
the needle. The device is similar with that used for corona
discharge. However, for traditional corona discharges, the
plasma cannot be touched by a human and the peak dis-
charge current is low. Because of the series-connected ca-
pacitor and the resistor, the discharge current is limited to a
safety range for a human. Therefore, it can be used for bio-
medical applications. This is an advantage of the device.

Because the device has only one electrode, the plasma is
generated between the HV needle electrode and the human

finger when the plasma is touched by a human finger. To
have a better understanding of the plasma, the applied volt-
age V1, the voltage after the capacitor V2, and the voltage V3
on the needle are measured by three P6015 Tektronix HV
probes, respectively. The discharge currents are measured by
a CT1 Tektronix current probe. The voltage and current
waveforms are recorded by a Tektronix DPO7104 wideband
digital oscilloscope. Figures 2�a� and 2�b� show the voltage
and current waveforms.

As we can see from Fig. 2�a�, several current spikes
appear periodically for one voltage pulse. To have a clear
view of the discharge current spikes, Fig. 2�b� zooms in the
first three current spikes. It clearly shows that, when the volt-
age applied on the needle reaches about 1.5 kV, the first
discharge appears and the first current spike has a peak value
of more than 1.5 A with a pulse width of about 10 ns. The
following current spikes have a peak value of about 0.5 A.
The pulse width of each current spike is about 10 ns. The
time between each current pulse is about 100 ns. Figure 2�b�
also shows that the voltage on the needle drops from 1.5 kV

a�Author to whom correspondence should be addressed. Electronic mail:
luxinpei@hotmail.com.

FIG. 1. �Color online� �a� Schematic of the device. �b� Photograph of the air
plasma touched by a human finger. The distance between the needle tip and
the finger is about 1 mm. �c� Photograph of the device.
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to about 250 V after the first discharge. This is due to the
breakdown of the air gap between the needle and the human
finger. Then the voltage on the needle increases slowly to
about 750 V until the next discharge current spikes appears.
It should be emphasized that the maximum voltage on the
needle before the first discharge is about two times higher
than that of the subsequent discharges. This may be due to
the residue charge particles and excited species, which re-
sults in the lower breakdown voltage.

For biomedical applications, the gas temperature of the
plasma needs to be at or close to room temperature. By com-
paring the simulated spectra of the C 3�u–B 3�g �0-0� band
transition of nitrogen with the experimental recorded spectra,
the rotational temperatures of the nitrogen can be obtained
when best fit is achieved.25 Figure 3 shows that the simulated
spectrum of rotational temperature of 290 K gives a good fit
to the measured spectrum. When the Trot is 350 K, the simu-
lation results show that the rotational band of the spectrum
expands to short wavelength direction much further than the
spectrum obtained from the experiment. Therefore, the gas
temperature of the plasma plume is at room temperature.

To investigate what kinds of excited species are pre-
sented in the plasma, a half meter spectroscopy �Princeton
Instruments Action SpectraHub 2500i� is used to measure the
optical emission of the plasma plume. Figure 4 shows the
emission spectra of the plasma. It clearly shows that, besides
excited OH, O, N2�C–B�, and N2

+�B–X� emission, excited
NO, H, N2�B–A�, and even N emission are observed in the
plasma, which indicates that the plasma may be more reac-
tive than that generated by other plasma jet devices.

Finally, the preliminary inactivation experiment results
are presented next. The bacterial samples that are treated by
the plasma are Enterococcus faecalis, one of the main types
of bacterium causing the failure of root canal treatment. A
suspension of 100 �l containing Enterococcus faecalis bac-
terium concentrations of 106 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 mm. During the treatment, the Petri dish
moves with a speed of about 2 mm/s in a crisscross pattern.
Accordingly, the total treatment time is about 60 s. As shown
in Fig. 5, the bacteria are completely removed in the exposed
area. For a typical He plasma jet,23 it takes about 2 min to
sterilize one exposed area in a Petri dish. When the treatment
time is reduced to 1 min, the area treated by the plasma jet is
not completely sterilized.

In conclusion, a simple plasma device, which can gener-
ate atmospheric pressure room-temperature air plasma, is
presented. The plasma can be touched by humans without

FIG. 2. �Color online� �a� I-V characteristic of the plasma. V1, V2, and V3

are the voltages at three different locations, as shown in Fig. 1�a�. I is the
discharge current. �b� Zoom in the first three discharge current spikes I and
the voltage on the needle V3.

FIG. 3. �Color online� Experimental and simulated spectra of N2 second
positive system 0-0 transition.

FIG. 4. The emission spectra of the plasma for �a� 200–300, �b� 300–500, and �c� 500–800 nm.
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any harm. Emission spectra show that there are strong NO,
N, N2�B–A�, and H emission, which are not observed in
other atmospheric pressure room-temperature plasma jet de-
vices. Preliminary inactivation experimental results show
that the plasma can kill Enterococcus faecalis effectively.

This work is partially supported by the National Natural
Science Foundation �Grant No. 10875048� and the Chang
Jiang Scholars Program, Ministry of Education, People’s Re-
public of China.
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FIG. 5. Photograph of Enterococcus faecalis on agar in Petri dish treated by
the plasma. The distance between the needle tip and the bacteria sample is
about 1 mm. During the treatment, the Petri dish moves with a speed of
about 2 mm/s in a crisscross pattern.
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