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Pulsed dc- and sine-wave-excited cold atmospheric plasma plumes:
A comparative analysis
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Cold atmospheric-pressure plasma plumes are generated in the ambient air by a single-electrode
plasma jet device powered by pulsed dc and ac sine-wave excitation sources. Comprehensive
comparisons of the plasma characteristics, including electrical properties, optical emission spectra,
gas temperatures, plasma dynamics, and bacterial inactivation ability of the two plasmas are carried
out. It is shown that the dc pulse excited plasma features a much larger discharge current and
stronger optical emission than the sine-wave excited plasma. The gas temperature in the former
discharge remains very close to the room temperature across the entire plume length; the sine-wave
driven discharge also shows a uniform temperature profile, which is 20–30 degrees higher than the
room temperature. The dc pulse excited plasma also shows a better performance in the inactivation
of gram-positive staphylococcus aureus bacteria. These results suggest that the pulsed dc electric
field is more effective for the generation of nonequilibrium atmospheric pressure plasma plumes for
advanced plasma health care applications. © 2010 American Institute of Physics.
�doi:10.1063/1.3381132�

I. INTRODUCTION

Atmospheric pressure nonequilibrium plasmas �APNPs�
have recently been of an enormous interest owing to their
attractive features that make them indispensable in a variety
of advanced applications. One of the most prominent fea-
tures of the APNPs is their enhanced plasma chemistry at
low gas temperatures. Their technological applications in-
clude biomedicine,1–5 surface modification,6 materials syn-
thesis and processing,7,8 chemical decontamination,9,10 water
purification,11,12 as well as absorption and reflection of elec-
tromagnetic radiation.13 Recently, open-air plasma jet de-
vices, which are capable of generating nonequilibrium
plasma plumes at atmospheric pressure, have attracted a ma-
jor attention.14–21 Compared with traditional APNPs sources,
which normally generate plasmas in areas limited by elec-
trodes and also require customized discharge chambers, the
cold plasma jets are free from these requirements and thus
have better flexibility and other indisputable advantages in
practical applications.

Driven by the exciting prospects for a range of commer-
cial applications, several cold plasma jet devices have been
designed.22–31 These plasmas can be generated by using
nanosecond dc voltage pulses with kilohertz repetition fre-
quencies as well as with sine-wave excitations in the
kilohertz-to-megahertz range. Some of these plasma jet de-
vices powered by different excitation sources are capable of
generating a plasma plume expanding into the surrounding
air for a few centimeters and even longer. One of the most

salient features of such discharges is that the gas temperature
of the plasma plume can be close to room temperature. This
feature significantly improves the potential of the cold
atmospheric-pressure plasma plumes for applications in
health care and biomedicine where microorganisms, cell, liv-
ing tissues, membranes, etc. are very sensitive to the process
temperature. Such plasmas generated using different power
supply schemes have demonstrated remarkable results in a
variety of applications, such as bacterial inactivation,32–40

wound care and healing,1,41 skin disease and cancer
therapies,42–45 as well as food decontamination.46,47 How-
ever, it still remains unclear how exactly the choice of any
particular excitation source affects the plasma performance
in targeted applications. The clue to solve this problem is in
the comparison of the electrical, optical, and thermal proper-
ties of the discharges and identifying the most effective
application-specific factors such as neutral or charged spe-
cies, heat, UV radiation, etc. This is why a comprehensive
and systematic comparative analysis of the properties and
performance of the most commonly used excitation sources
�pulsed dc and sine-wave ac� is on the agenda. This analysis
should be focused on the detailed studies of the discharge
characteristics and highlighting the unique features the plas-
mas which in turn underpin the viability of the specific tar-
geted applications.

In this paper, a plasma jet device of a single high-voltage
�HV� electrode configuration is used and driven by either
sine-wave ac or pulsed dc power supply. The working gas is
helium and the gas flow rate is the same �2 l/min� in both
cases. Here we study and compare the following five aspects
of the two discharges: electrical properties, optical emission
spectra, gas temperature, plasma dynamics, as well as bacte-
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ricidal effectiveness. The rest of the paper is organized as
follows. The experimental setup is described in Sec. II. Sec-
tion III presents the experimental results related to the above
five aspects. The discussion of the experimental results is
given in Sec. IV. Finally, Sec. V presents a summary of this
work and a brief outlook for the future research.

II. EXPERIMENTAL SETUP

Figure 1�a� is a schematic of the experimental setup. The
plasma jet device studied in this paper has been reported
previously.22 It is comprised of a medical-grade glass sy-
ringe, a quartz tube with one end closed, and a single HV
electrode. The HV electrode made of a copper wire is in-
serted into the quartz tube; the electrode and the tube are
aligned along the syringe axis. More detailed descriptions
can be found in our previous reports.

When the helium gas is introduced into the syringe and a
HV is applied to the HV electrode, a homogeneous plasma
jet is generated inside the syringe and in the surrounding air.
In order to study and compare the characteristics of the
plasma sustained by the pulsed and sinusoidal excitation
sources, two kinds of excitation sources were used. The first
excitation source is based on a pulsed dc power supply with
amplitudes up to 10 kV, repetition rate up to 10 kHz, and
pulse width variable from 200 ns to dc. The other way of the
plasma creation relied on a sine-wave ac power supply with

a peak-peak voltage up to 30 kV and a fixed frequency of
4 kHz. In this work, the operating parameters of the pulsed
dc excitation sources were set at 8 kV for the applied volt-
age, 800 ns for the pulse width and 4 kHz for the frequency.
Similarly, the peak-peak voltage and frequency of the sine-
wave ac source were set at 16 kV and 4 kHz, respectively.
For convenience, the plasmas produced by these two excita-
tion sources will further be referred to as the pulsed dc plas-
mas �PDCPs� and sine-wave excited plasmas �SWEPs�, re-
spectively. Figures 1�b� and 1�c� show the photographs of the
plasma plumes in the open air driven by the ac and pulsed dc
excitation sources, respectively. As can be seen, the SWEP
plume �Fig. 1�b�� is clearly shorter than the pulsed dc-excited
plasma plume �Fig. 1�c��.

The voltages and currents have been measured using a
Tektronix P6015 voltage probe and a Tektronix TCP202 cur-
rent probe, respectively. The signals collected by the probes
have been recorded by a digital Tektronix DPO7104 oscillo-
scope. The optical emission spectra of these two plasma
plumes have been measured by a half meter spectrometer
�Princeton Instruments Acton SpectraHub 2500i�. For the
measurements in the spectral range from 200 to 800 nm, the
grating and the slit width of the spectrometer have been set at
1200 groove/mm and 200 �m, respectively. Moreover, for
the high-resolution spectroscopy of the nitrogen second posi-
tive system, the grating of 3600 g/mm and slit width of
80 �m have been used. An intensified charge coupled
device �ICCD� camera �Princeton Instruments, model
PIMAX2� has been used to capture the dynamics of the
plasma plumes. For the high-speed imaging, the exposure
time of the ICCD camera was set at 20 ns.

III. EXPERIMENTAL RESULTS

In this section, comparisons of the characteristics of the
pulsed dc- and SWEP plumes are presented. First, the
current-voltage �I-V� characteristics of the two plasma dis-
charges are compared, as well as their power consumptions.
Then, in order to identify the various reactive species gener-
ated by these two plasma plumes, the optical emission spec-
tra measurements have been carried out. Likewise, based on
the best fit of the simulated spectra of the C3�u-B3�g ���
=−2� band transition of nitrogen and the experimentally re-
corded spectra, the rotational temperature �that characterizes
the gas temperature of the plasma� and the vibrational tem-
perature of the two plasma plumes are estimated. Mean-
while, high-speed imaging is also applied to study the dy-
namics of the two plasma plumes in the open air. Finally, the
inactivation treatments of bacteria samples are carried out to
study the application efficiency of the pulsed dc- and the
sine-wave-excited plasma plumes in the biomedical applica-
tions.

A. Electrical characterization

Figure 2 shows the current-voltage characteristics of the
pulsed dc-excited plasma plume at 8 kV and the sine-wave-
excited plasma plume with a peak-to-peak voltage of 16 kV.
It should be noticed that the current shown in Fig. 2�a� is the
actual discharge current of the pulsed dc-excited helium dis-

FIG. 1. �Color online� �a� Schematic of the experimental setup. Photographs
of the helium plasma plumes powered by the �b� ac power supply with a
peak-to-peak voltage of 16 kV and �c� pulsed dc power supply at 8 kV with
pulse width of 800 ns. Both at a repetition rate of 4 kHz, and a helium gas
flow rate of 2 l/min.
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charge. This current was obtained by subtracting the dis-
placement current �no helium flow, no plasma� from the total
current �plasma is on�. However, this subtraction method is
not suitable for the sine-wave-excited case due to the insta-
bility of the discharge, which always induces phase shift of
the measured current waveform. The current shown in Fig.
2�b� has a significant contribution of displacement current,
and the sharp pulse represents the discharge current induced
by the plasma. As can be seen from this figure, there are two
distinct discharge current pulses charactering the positive
and negative breakdowns per cycle of the applied voltage for
the both helium discharges. It is clearly seen that the peak
value of the discharge current of the pulsed dc-excited
plasma is much higher than that of the sine-wave-excited
plasma.

It should be pointed out that the breakdown mechanism
during the negative voltage cycles �for simplicity termed a
“negative breakdown”� is quite different for the two cases. In
the pulsed dc case, the negative breakdown is generated at
the falling edge of the voltage pulse, and is induced by the
charges accumulated on the dielectric electrode during the
positive voltage phases of the discharge. The negative cur-
rent pulse reaches its peak after the voltage pulse reduces to
the minimum. This means that the negative breakdown is
ignited without much energy input from the external circuit
because the applied voltage is almost off during the negative
voltage phase. The power consumed for igniting the positive
discharge is partially stored for the negative breakdown dur-
ing the negative voltage phase. This process ultimately im-
proves the power efficiency for the plasma generation.

However, these distinctive discharge phases do not occur
under the ac sine-wave excitation. The negative discharge of
the SWEP is attributed to the polarity inversion of the exter-
nal electric field. Therefore, the generation efficiency of the
plasmas sustained by the pulsed dc electric field will be
greater than in the sine-wave case. This is also supported by
the following estimates of the power consumption in these
two kinds of discharges. The average power deposited in the
pulsed dc-excited plasma

P = 1/T�
0

T

u�t�i�t�dt ,

is estimated to be about 1.8 W per voltage period, where T is
the period of the applied voltage of 250 �s. However, this

method is not suitable for the sine-wave excitation case be-
cause of the persistent shift of the measured current wave-
form, which is induced by the instability of the discharge.
The displacement current does not show a 90° phase shift
with respect to the applied voltage. Also, significant errors
may arise in calculating the average power consumption by
integrating the oscillograms of the applied voltage and the
total current. Therefore, in order to estimate the power con-
sumption of the SWEPs in a more accurate way, we applied
the Lissajous-figure method by using a removable capacitor
installed in front of the plasma plume. A relatively large
grounded capacitor �1 nF� was installed close to the tip of the
plasma plume as far as reasonably possible to obtain the
minimum distortion of the discharge conditions. The distance
of the capacitor away from the syringe nozzle is about
2.8 cm, slightly larger than the 2.4 cm of the length of the
plasma plume. Then the measured voltage drop, uC�t�, across
the 1 nF capacitor, is used to calculate the charge, Q�t�, gen-
erated in the discharge inside the syringe and in the sur-
rounding air �plasma plume� through the following equation:

uC�t� = 1/C�
t1

t2

i�t�dt = Q�t�/C .

The average power consumed by the sine-wave-excited
helium discharge can be determined from Lissajous figures.
Figure 3 shows a typical Lissajous ellipsoid, which relates
the charge Q�t� to the applied voltage u�t� during a single
period of the applied voltage. The average power consumed
by the SWEP during one voltage cycle is estimated to be
about 3.5 W by calculating the area of the Lissajous figure,
approximately two times higher than in the pulsed dc case.

B. Optical emission

Optical emission spectroscopy was applied to identify
the excited species generated by the two plasma plumes in
the wavelength range from 200 to 800 nm. Figures 4�a� and
4�b� and Figs. 4�c� and 4�d� show the optical emission spec-
tra of the PDCPs and SWEPs, respectively. The optical emis-
sion was collected from the same position of the two plasma
plumes about 5 mm away from the exit of the syringe nozzle.
It is clearly seen that in addition to the atomic helium lines,
the hydroxyl line �309 nm�, the molecular nitrogen N2 and
molecular nitrogen ion N2

+ rotational bands, and the atomic

FIG. 2. �Color online� I-V characteristics of the helium discharges excited by the �a� pulsed dc power supply and �b� ac power supply. The discharge operation
parameters are the same as in Fig. 1.
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oxygen line �777.3 nm� appear in the spectra. In the wave-
length range from 200 to 500 nm, the optical emission spec-
tra are dominated by the N2 and N2

+ lines, whereas in the
range from 500 to 800 nm by the atomic helium lines.

The nitrogen and oxygen lines are observed because of
the air diffusion into the helium stream. Most of the emission
lines of the pulsed dc-excited plasma plume are stronger than
in the SWEP. It is remarkable that the emission intensity of
the molecular nitrogen ion at 391.4 nm and the atomic oxy-
gen at 777.3 nm, the intensity ratio in the PDCP and SWEP
cases are also of the order of 2. The stronger emission inten-
sity clearly indicates that more charges and reactive species
are generated in the pulsed dc case. This further suggests that

higher-density and larger-volume open-air plasmas are gen-
erated in this case as compared with the SWEPs.

C. Rotational and vibrational temperatures
of the plasma

The rotational temperature of nitrogen is normally ac-
cepted as an accurate estimate of the gas temperature of the
atmospheric pressure plasmas. In this paper, the emission
spectra of the second positive system of nitrogen are used to
determine the rotational and vibrational temperatures of the
two plasma plumes. By fitting the synthetic spectrum to the
experimental spectrum of the C3�u-B3�g ���=−2� band
transition of nitrogen in the range from 368 to 383 nm, the
rotational and vibrational temperatures of nitrogen can be
obtained. Figure 5 shows the spatially resolved rotational and
vibrational temperatures of the two plasma plumes in the
open air. As can be seen, the both plasma plumes are char-
acterized with a low rotational temperature �Fig. 5�a�� and a
high vibrational temperature �Fig. 5�b��, and therefore are
under strongly nonequilibrium conditions. The rotational
temperature of the sine-wave-excited plasma plume is about
30 K higher than that of the PDCPs. This is also confirmed
by using an infrared thermometer to measure the gas tem-
perature of the two plasma plumes. It should be noted that
the gas temperature of the sine-wave-excited plasma plume
is unstable and can easily be increased by placing a treatment
target closer to the nozzle.

Temperature estimates of these two plasma plumes con-
nected to the ground through the same 1 M� resistor, which
was fixed a distance of 20 mm in front of the syringe nozzle,
have also been carried out. It is found that in this case the
rotational temperature for the sine-wave-excited plasma

FIG. 3. �Color online� Lissajous figure for the helium discharge driven by
the ac power supply. The discharge operation parameters are the same as in
Fig. 1.

FIG. 4. �Color online� Optical emission spectrum in the range from 200 to 800 nm of the helium plasmas in the open air driven by the ��a� and �b�� pulsed
dc power supply and ��c� and �d�� ac power supply. The discharge operation parameters are the same as in Fig. 1.
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plume increases up to about 400 K. On the contrary, the
plume temperature remains close to room temperature for the
pulsed dc-excited plasmas. Thus, the gas temperature of the
PDCPs is much more stable than in the case of the sine-wave
excitation. Furthermore, this is a clear indication that the
pulsed dc-excited plasma plume is much better suited for
temperature-sensitive biomedical applications compared
with the sine-wave-excited plasmas.

D. Bullets behavior

High-speed imaging was applied to capture the dynam-
ics of the plasma plumes in the open air. Figure 6 shows the
behaviors of the plasma bullet behavior in the two cases of
our interest in this work. The time delay marked in Figs. 6�a�
and 6�b� corresponds to the onset of the applied voltage
pulses and the positive phases of the sine-wave signals, re-
spectively. As can be seen from this figure, the plasma bullets
of the pulsed dc-excited plasma plume �Fig. 6�a�� have rela-
tively large semi-spherical ionization fronts. On the other
hand, the ac-excited plasma plume �Fig. 6�b�� has a shape of
a long, narrow plasma channel. The spatial distribution of the
bullet velocity of the two plasma plumes is shown in Fig. 7.
It is obvious that the plasma bullets propagate more rapidly

and to a longer distance in the open air in the pulsed dc
excitation case. An interesting observation is that the ratio of
the maximum bullet velocity in the two cases is also approxi-
mately 2.

E. Bacterial inactivation efficiency

To compare the efficiency of the pulsed dc- and sine-
wave-excited plasma plumes in biomedical applications, the
inactivation treatments of bacterial samples were are carried
out. A gram-positive staphylococcus aureus bacterium was
chosen for this experiment. The bacterial samples treated by
the two plasmas were prepared in the following sequence.
First, a bacterial culture with the concentration about
108 cfu /ml �cfu: colony-forming unit� was prepared. Then
this bacterial culture was placed into an oven for an over-
night incubation at 37 °C. After that, the bacterial culture

FIG. 5. �Color online� Spatially resolved �a� rotational and �b� vibrational
temperatures of the helium plasma plumes in the open air driven by the
pulsed dc and ac power supplies. The discharge operation parameters are the
same as in Fig. 1.

FIG. 6. The dynamics of the �a� pulsed dc excited plasma plume and �b� its
sine-wave-excited counterpart. The discharge operation parameters are the
same as in Fig. 1.

FIG. 7. �Color online� Spatial evolution of the bullet velocity of the pulsed
dc- and sine-wave-excited plasma plumes. The discharge operation param-
eters are the same as in Fig. 1.
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was diluted to 106 cfu /ml. Finally, 200 �l of the diluted
suspension was extracted and then evenly spread over each
agar plate in a Petri dish. We treated the bacterial samples
through two different ways, namely, by direct and indirect
plasma exposure. During the direct exposure process, the
bacterial samples on the agar plates were placed right under
the syringe nozzle; these samples were in a direct contact
with the plasma plumes during the bacterial inactivation pro-
cesses. In the indirect treatment process, a thin wire
grounded through a 2 M� resistor was placed between the
plasma nozzle and the bacterial samples. For more detailed
descriptions about this two treatment ways can be found in
our previous report.33 After the plasma treatment, the bacte-
rial samples on the agar plates in Petri dishes were put back
into the oven and incubated for 24 h at 37 °C. For the con-
trol experiments, the bacterial samples were treated using a
helium gas flow with the same gas flow rate as during the
plasma discharges; in this case no HV was applied and the
plasma was off.

Figure 8 shows the test results for the inactivation treat-
ments of the bacterial samples by the two plasma plumes.
The dark areas resembling uncontaminated agar suggest ef-
fective death of bacteria in these areas. On the other hand,
the areas unaffected by the plasma treatment do not signifi-
cantly change either their appearance or color, which is gray,
similar to the control samples. It is quite possible that bacte-
rial growth and reproduction continues in the latter areas.
Figure 8 clearly shows the presence of the dark affected ar-
eas for the both cases of either direct or indirect treatments.
Moreover, these areas are significantly larger in the PDCP
case compared with the sine-wave-driven plasmas. This can
be attributed to the more effective generation of reactive spe-
cies in the PDCP plume, which in turn leads to the higher
optical emission intensities �Figs. 4�a� and 4�b��. These reac-
tive species play a significant role in the inactivation process
of bacterial samples. However, one should not conclude that
the SWEP is not suitable for bacterial inactivation applica-

tions. The treatment area of the SWEPs is more localized,
which can be crucial for a large number of applications
where the locality of treatment is required.

IV. DISCUSSION

As shown in Fig. 2, the current of the helium discharge
excited by the pulsed dc power source is much larger than in
the sine-wave excitation case. It is known that the bullet
velocity vb can be quite high and can be characterized by the
electron drift velocity vd.48,49 One can observe in Fig. 6 that
the bullet velocity vb of the pulsed dc-excited plasma is
higher compared with the ac excitation case. In this case, we
obtain the estimate for the electron density ne of the PDCPs.
The electron density turns out to be at least two orders of
magnitude higher than in the sine-wave-excited plasma case.
This estimate follows form ne=J /evd, where J is the current
density. The large electron density is crucial for the genera-
tion of high-density reactive plasmas with high densities of
reactive species created through electron impact processes.
This is consistent with our observations that PDCPs produce
a much stronger optical emission. Furthermore, this also sug-
gests that the concentrations of reactive species in the pulsed
dc-excited plasma plumes are significantly higher than in the
sine-wave-excited plasmas.

Another obvious advantage of the pulsed dc discharge is
that in PDCPs the electrons gain energy at much higher rates
than in SWEPs, mostly because of the very rapid �about
50 ns� rise-phase of the voltage pulses. The product of the
gas pressure p and mobility of electron �e in pure helium is
0.86�106 cm2 Torr /V s.50 In our case, the applied voltage
is 8 kV, and the pressure is 760 Torr, and the gap between the
closed end of the quartz tube and gas inlet of the syringe
nozzle is about 0.5 cm. Hence, the electron drift velocity can
be estimated to be approximately 1.7�107 cm /s. In the case
considered, the dominant ions are He+ and He2

+ in the
plasma inside the syringe because of the low concentration
of air impurity. The mobilities of He+ and He2

+ ions in pure
helium at atmospheric pressure are 8 and 20 cm2 /V s,
respectively.50 Under the same conditions, the drift velocities
of He+ and He2

+ are about 1.3 and 3.2�105 cm /s, which is
more than two orders of magnitude smaller than the electron
drift velocity. Therefore, during this short rise-phase �about
50 ns�, heavy ions have no time to respond to the electric
field and remain almost static, and only electrons can follow
the electric field. The electric field strength increases sharply
as the applied voltage reaches its peak value. In this case the
energy is transferred almost exclusively to the electrons,
which in turn fairly coherently move along the direction of
the external electric field. This is why a relatively high elec-
tron temperature can be achieved at a low gas �heavy par-
ticle� temperature. More importantly, under such conditions
the plasma is extremely nonequilibrium. This nonequilibrium
in turn leads to markedly higher rates of the ionization, ex-
citation, and dissociation processes thus eventually resulting
in the significantly enhanced plasma reactivity. This is con-
sistent with earlier observations that pulsed electric fields
with fast rising voltage pulses and narrow pulse widths from
tens to hundreds of nanoseconds are particularly promising

FIG. 8. Photographs of staphylococcus aureus bacterial samples on agar in
Petri dishes after ��a� and �b�� direct and ��c� and �d�� indirect treatments by
the helium plasma plumes driven by the ��a� and �c�� pulsed dc power
supply and ��b� and �d�� ac power supply. The control experiment is also
presented. The discharge operation parameters are the same as in Fig. 1.
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to propel the electron temperature to notably higher
levels.51–54 For the sine-wave excitation case, one can as-
sume that the electric field strength inside the syringe is the
same as the pulsed dc case when the applied sinusoidal volt-
age reaches its peak value �also 8 kV�. Based on the same
assumption in the pulsed dc case, the drift velocities of elec-
trons and ions are also about 107 and 105 cm /s, respectively.
During the discharge duration �about 2 �s�, the electrons
and ions can be displaced by approximately 20 and 0.2 cm,
respectively. This result may be an overestimate because the
actual electric field should be reduced due to the adverse
effects of space charges accumulated on the barrier surface.
Thus, compared with the length of the SWEPs �2.4 cm�, the
ions can be also considered immovable. However, due to the
relative long rise phase of the applied voltage �60 �s�, the
electrons will obtain energy at a lower rate due to the rela-
tively slow increase in the electric field strength compared
with the pulsed dc case. That will result in a relatively low
electron energy. Given that the electron density is also quite
low, one can expect the formation of a fairly short plasma jet
with a relatively low efficiency of the reactive species
generation.

Another important point is the increased power transfer
efficiency of the pulsed dc excited plasmas which feature
two distinctive and consecutive discharges during the posi-
tive and negative voltage phases. Here, we stress that the
discharge during the negative voltage pulse is ignited even
without energy input from the external circuit. This is why
the power transfer efficiency is higher in the PDCPs case as
compared with the ac sine-wave-driven plasmas. The higher
degree of nonequilibrium and power transfer efficiency of
the pulsed dc-excited plasmas result in a substantially en-
hanced plasma chemistry underpinned by the higher rates of
reactive species generation, which in turn is evidenced by the
higher intensities of the optical emission from the helium
discharge in open air. In addition, the PDCP bullets propa-
gate faster and are longer compared to the ac sine-wave-
excited plasmas.

V. CONCLUSION

We have presented the results of a comparative analysis
of the most important characteristics of the two open-air he-
lium plasma jet plumes in the same source configuration
driven by the pulsed dc and ac sine-wave excitation sources
in the same discharge configuration. First, the pulsed dc-
excited plasma plume is about two times longer than the
SWEP plume. Moreover, the discharge current of the pulsed
dc-excited plasmas is about two orders of magnitude larger
compared with the sine-wave-generated counterpart. This
large difference in the discharge current indicates that much
more electrons are produced in the PDCPs. Second, the op-
tical emission spectrum of the pulsed dc-excited plasma
plume has a markedly higher intensity than in the sine-wave
excitation case. Therefore, the pulsed dc-generated dis-
charges feature the substantially higher plasma generation
efficiency than the sine-wave-excited plasmas. Third, the gas
temperature of the pulsed dc-excited plasma plume is more
stable and remains very close to room temperature even

when a treatment object is placed on the way of the plasma
jet propagation. Meanwhile, the gas temperature of the
SWEPs tends to be several tens degrees above the room tem-
perature. This is why the pulsed dc-excited plasmas are bet-
ter suited for temperature-sensitive biomedical applications
than the sine-wave-generated discharges. We have also re-
ported the results of the real-time, high-speed imaging of the
dynamics of the two plasma plumes of our interest. It has
been found that the plasma bullets propagate with a larger
velocity in the PDCP case. The peak-value of the bullet ve-
locity turns out to be about two times larger than in the
sine-wave excitation case. Finally, the staphylococcus aureus
bacteria inactivation process has been carried out to compare
the sterilization efficiency of the two plasma plumes. It is
found that for both the direct and indirect treatments, the
pulsed dc-excited plasma plume is more effective in the in-
activation process of the bacterial samples than the sine-
wave-excited plasma plume. These results are relevant to a
large number of applications in the rapidly emerging area of
the plasma health care.
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