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Abstract

Non-equilibrium cold plasma jets generated under atmospheric pressure by means of
high voltage pulsed power generator are extended up to a few centimeters long in the
surrounding air. The generator is consisting of a negative dc source, a Blumlein-type
pulse-forming network (E-PFN), and a dynamic spark gap switch. The plasma jet
generated by the device using helium as the operating gas depends on the applied
voltage and the gas flow rate. It is found that the plasma jet width and the radiant
intensity depend on the discharge current.

Introduction

Non-thermal plasmas are frequently called,”non-equilibrium” plasmas because they are
characterized by a large difference in the temperature of the electrons relative to the
ions and neutrals. Since the electrons are extremely light, they move quickly and have
almost no heat capacity. In these plasmas, T, >> T; » T,. Ionization is maintained by the
impact of electrons (which may have temperatures ranging from 0.1 to more than 20
eV) with neutral species, producing additional electrons and ions. These plasmas are
typically maintained by the passage of electrical current through a gas.

Atmospheric pressure non-equilibrium plasmas have become powerful experimental
tools for many applications in areas such as micro fabrications in microelectronics [1],
surface modifications [2], light sources [3-4], and environmental processing [5].

Cold atmospheric pressure plasma jet devices have recently attracted significant
attention [6-7]. The most important devices for generating atmospheric pressure non-
thermal plasmas can be considered: atmospheric pressure plasma jet [8-9], plasma
needle [10], plasma pencil [11-12], miniature pulsed glow-discharge torch [13], one
atmosphere uniform glow-discharge plasma [14], resistive barrier discharge [15] and
dielectric barrier discharge [16].

Experimental Setup

Fig. 1 shows the schematic diagram of the pulsed power generator used in this paper.
The generator is consisting of a negative dc source, a Blumlein-type pulse-forming
network (E-PFN), and a dynamic spark gap switch. A triggered spark gap switch was
used as a closing switch of E-PFN. E-PFN had 4 stages of LC ladder, which were
composed of 5 nF of capacitor and 3 pH of inductor. The characteristic impedance
(2VL/C) and the pulse width (2NVLC) of E-PFN, calculated from capacitance (C) and
inductance (L) of the LC ladder, and number (N) of LC ladder stages were approximately
49Q and 1.0 ps, respectively.

A charging resistance value of 50kQ is chosen in the present case which corresponds to
a charging RC time constant of 1 ms, which is 40 times faster compared to the repetition
rate of the pulse.
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Fig.1. Schematic diagram of the pulsed power generator.

The high voltage (HV) wire electrode, which is made of a copper wire, is inserted into a
hollow barrel of a syringe. The distance between the tip of the HV electrode and the
nozzle is 0.5 cm.

When HV pulsed dc voltage (amplitudes up to 25 kV, repetition rate up to 25 Hz),
applied to the HV electrode and helium gas was injected into the hollow barrel. This
device made using medical syringe (made out of an insulating material cylinder). The
gas was fed into the system via flow meter (OMEGA model). The applied voltage to and
the discharge current through the discharge chamber were measured using a voltage
divider (Home made), which was connected between the two electrodes, and a current
monitor, which can be located upon returning to the ground. The signals from the
voltage divider and the current monitor were recorded in a digitizing oscilloscope
(Lecroy, USA) with a 200-MHz bandwidth.

Results and Discussion

The high voltage pulses are applied between the needle electrode positioned inside a
dielectric cylinder (a simple medical syringe) and a metal ring placed on the exterior of
this cylinder. In order to obtain electric discharges at atmospheric pressure, a high
voltage pulses (tens of kV) which have limited duration (hundreds of nanoseconds) and
are repeated (tens of pulses per second), in addition to an inert gas (helium) is
introduced in the cylinder. The gas flows were in the range 0.5-10 I/min. The discharge
takes place between the metallic needle top and a metallic ring fit on the outer surface
of the syringe. Under optimal conditions, plasma is emitted as centimeter-long jets, just
millimeters in diameter or even smaller.

The working gases are supplied by high-pressure cylinders. Gas pressure regulators are
used to reduce the pressure of gases to a workable level. Then, gas flow controllers
deliver the gases with the desired flow. For voltage amplitudes of 15-18 kV, the plasma
jet is very weak. The plasma jet disappears for voltage amplitudes lower than 15 kV.
When helium is injected from the gas inlet and high voltage pulses 26 kV voltage is
applied to the electrode, the plasma jet is generated and a plasma plume reaching
length of 21 mm is launched through the end of the tube and in the surrounding air. The
plasma has a cylindrical shape. The length of the plasma plume can be adjusted by the
gas flow rate and the applied voltage.

A Lecroy 200 MS/s 4-channel digital storage oscilloscope model (9304c) was used to
recorded voltage and current waveforms, via a high voltage probe and a pulse current
transformer, respectively; and to calculate the discharge power. The measured peak
value of the discharge current was approximately 10.5 A during the pulse. Fig. 2 shows
the current and voltage waveforms measured as a function of time at an input energy of
6.76 ] (maximum applied voltage 26 kV). Fig. 5 shows the power input as a fuunction of
time, the maximum power approximately 150 kW at time 167 ns.
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Fig. 2. Typical discharge current and the voltage waveforms.
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Fig 3. The power waveform of the device.

Figs (4 and 5) show the photographs of the plasma jet when helium gas was used as the
carrier gas with different flow rate and applied voltage.
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Fig. 4. Photographs of the jet when helium gas was used as the carrier gas, the radiant
intensity increased with increasing discharge voltage minimum intensity at 18 kV [a] and
maximum at 25 kV [d].

Fig. 5. Photographs of the jet when helium gas was used as the carrier gas, width of the
plasma jet increased with increasing flow rate minimum width at 2 Ipm [d] and
maximum at 8 Ipm [a].

Fig. 6. indicates the dependence of radiant intensity of plasma jet on discharge voltage.



As the result with decreasing discharge voltage, the width of the plasma jet became
small.
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Fig. 6 Dependence of radiant intensity of plasma jet on discharge voltage.

Fig. 7 indicates the dependence of the plasma jet width on helium flow rate, the
minimum width at 2 Ipm and maximum at 8 Ipm. With increase gas flow rate, discharge
voltage increased. This is because a higher energy is necessary to get larger amounts of
gas into excited states.
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Fig. 7 Dependence of the plasma jet width on helium flow rate.

Conclusion



With increasing discharge current, the plasma jet width became more wider and the
radiant intensity also increased with increasing gas flow rate. The discharge voltage
increases with increasing in gas flow rate.
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