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Atmospheric Pressure Low Temperature Plasma Jets and Their
Biomedical Applications

XIONG Zilan, LU Xinpei, XIAN Yubin, ZOU Changlin

Low-Temperature Plasma Laboratory, College of Electrical and Electronics Engineering, Huazhong University of Science and
Technology, Wuhan 430074, China

Abstract Atmospheric low temperature plasmas, as a new emerging field, have recently received an increased attention through several novel
applications, such as surface modifications of polymers, absorption and reflection of electromagnetic radiation, especially in the biomedical
field with their outstanding advantages, such as the generation in atmospheric pressure, low gas temperature, and high activity. The plasma jet
devices generate plasma plumes in open space (surrounding air) rather than only in confined discharge gaps. Thus, they can be used for direct
treatments with no limitation on the size of the object to be treated. Atmospheric pressure plasma jet devices driven by DC source, AC source,
RF source, microwave and pulsed-DC source are reviewed in this paper, as well as their physical characteristics, the effect of inactivating
microorganisms, and their biomedical applications. Finally, the problems existing in generating atmospheric low temperature plasma jet, the
possible solutions, and the prospect of their application fields in the future are discussed.
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(a) Schematic diagram of discharge geometry flow and
electric circuit for an actual negative image
of the plasma jet
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(b) Afterglow plasma jet generated with an air rate of

( icm, 90s)

(c)
(c) Yeast Inoculated agar plate with this afterglow plasma jet across

a 1cmxicm area. The exposure at a distance of 1cm for 90s
completely removed the fungus

Fig. 2 Atmospheric pressure low temperature plasma jet device designed by Kolb and the effect of
inactivating microorganisms with the jet
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(a) Schematic diagram of a simple nitrogen microplasma jet (b) Photograph of the N microplasma jet
device at atmospheric pressure in contact with human skin
3
Fig. 3 Atmospheric pressure low—temperature plasma jet device driven by AC power
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Fig. 4 Circuit diagram of atmospheric pressure low temperature plasma jet and the discharging photograph
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Fig. 5 Survival images of S. aureus for different treating durations
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(a) (Color online) schematic diagram of the experimental setup
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(b) Photograph of the plasma plume with applied voltage of 5kV (rms), frequency of 12
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11 11cm Fig. 12 Photograph of the plasma
Fig. 11 Device to generate an 11cm long atmospheric low—temperature generated inside the root canal of a tooth
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LI ECS (b) Photograph of the air plasma touched
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(a) (Color online) schematic diagram of the device the needle tip and the finger is about 1mm (c) Photograph of the device

13
Fig. 13 A simple and safe atmospheric pressure room—temperature air plasma needle device
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