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FIGURE 1.3 Plasmas in the kitchen. Plasmas and the technologies they enable are pervasive in 
our everyday life. Each one of us touches or is touched by plasma-enabled technologies every day. 
Products from microelectronics, large-area displays, lighting, packaging, and solar cells to jet engine 
turbine blades and biocompatible human implants either directly use or are manufactured with, and 
in many cases would not exist without, plasmas. The result is a better quality of life and economic 
competitiveness. NOTE: CVD, chemical vapor deposition; HID, high-intensity discharge; LED, light-
emitting diode; LCD, liquid crystal display.

industry is built on plasma technology. In the absence of plasma technolo-
gies, the $2 trillion telecommunications industry would arguably not exist. 
(See Chapter 2 for a more detailed discussion of this area of plasma science 
and its many applications.)

• Energy and environmental security. Our prosperity and lifestyle rest on a 
ready supply of moderately priced energy, but it is well known that fossil 
fuel resources are limited and the environmental impact of their long-term 

§ In addition to conventional 
semiconductor manufacturing, 
exhaust gas treatment, waste 
disposal, air cleaning, purification 
of contaminated water, it has 
recently been applied to medical 
fields such as treatment of cancer 
and skin diseases. 

Plasma Science, NRC

Plasma technology has already been put to 
practical use and applied to many products. 



[A-I5: K. Urashima@MEXT] Critical review of plasma 
Technologies for industrial applications
Semiconductor industry
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Plasma@Semiconductor
[P16: H. J. Kim@Dong-A. Univ.(Samsung)] Numerical simulation of 
semiconductor fabrication system

Reactor configuration used for SiNxHy deposition

Effects of the shower radius
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In this study, we numerically demonstrated 
that modulation of the sidewall conditions 
could contribute to controlling distributions 
of the plasma variables in an intermediate 
pressure CCP-PECVD

Plasma Technologies @High Tech.(SEMI)



Plasma@Semiconductor
AAPPS-DPP 2018 in Applied Plasma Program

[A-I14: Y. R. Zhang@Dalian Univ.] Basic study of plasma characteristics in an 
electrically asymmetric capacitive discharge sustained by multiple harmonics: 
operating in the very high frequency regime

[A-I15: T. Moriya@TEL] Ion energy control in capacitively coupled discharges for 
Plasma Enhanced Atomic Layer Deposition(PEALD) processes 

Plasma Technologies @High Tech.(SEMI)

[A-I22: H. Tamura@Hitachi] 
Study on uniform plasma generation 
mechanism of electron cyclotron 
resonance etching reactor
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Fig. 1.  Calculation 
procedure

Fig. 2.  Plasma density and Microwave 
electric field 

[m-3]
x1017
1

0.8

0.6

0.4

0.2

0

[a.u.]
1.0

0

Plasma 
density

E-field

ωp/ω=1

à studied the mechanism of 
uniform plasma generation of ECR 
etcher by simulation technique.
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[A-I4: K. Tomita@Kyushu. Univ.] We 
have revealed the detailed 2D structure 
of EUV light source plasmas by using 
collective Thomson scattering 
technique. à New generation of 
Lithography

[A-I13: E. Johnson@LPICM-CNRS] 
Tailored Voltage Waveforms(TVW) 
plasmas for control of surface 
processing: Sawtooth Waveforms
à Multifrequency machbox

Identify electron heating 
modes in real time

Test ion transport models in 
new plasma simulations

Achieve fast-switching 
selective deposition

Powered 
Electrode

Grounded 
Electrode

Plasma Technologies @High Tech.(SEMI)
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[A-O9: D. Liu@Tokyo Inst. Tech.] Basic study of oxygen plasmas for developing 
new plasma processing using negative oxygen ions

Plasma Technologies @High Tech.(SEMI)

[A-I16: M. Shiratani@Kyushu Univ.] Micron-scale plasma fluctuations(attractive 
force) detected using paired fine particles à for high-precision nanofabrication
An isolated fine particle
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is isotropic
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Plasma Technologies @Nanoscience
[P11 : K. Ostrikov@Queensland Univ] Shrinking the plasma: why not the pores?

Precise, gentle extreme:  
low-T, non-destructive, synergistic (1 + 1 > 2) 
§ Control of energy and matter at nanoscales using 
plasma 

§ Applications for precision and energy-demanding 
applications such as catalysis 

§ Utilizing nanoscale spaces for unprecedented 
functionality in sensing, energy conversion and other 
applications 

§ Relying on plasma-/ion-specific effects in nanoscale 
interactions with matter

§ Multi-scale nature of interactions: from 
manipulation of atomic bonds to meso- and 
macroscale patterns 

§ Controlled manipulation of atomic bonds and 
charging states within atomic frameworks  

K. Ostrikov, Nature Comm. 9, 835 (2018)



Plasma Technologies @Nanoscience

[A-I7: L. Di@Dalian Univ.] Atmospheric-pressure cold plasma for synthesizing 
supported metal catalysts with the assistance of ethanol
[A-I2: K. Kamataki@Kyushu Univ.] 
Impact of amplitude modulation of RF 
discharge voltage on the spatial profile 
of nanoparticle characteristics in reactive 
plasma 

AAPPS-DPP 2018 in Applied Plasma Program

[A-I3: N. Itagaki@Kyushu Univ.] A new 
semiconducting materials for excitonic 
device: high quality (ZnO)x(InN)1-x

substrate
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incident light
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exciton
recomb-
ination

Electrical signal input
Optical signal 

output

EXOT is  a new type of  electro-optical signal 
converters that enables “on-chip” optical 
interconnect.



[A-I1: R. Rawat@Nanyang Tech. Univ.] Focus on preparing highly porous 3D 
nanoassemblies of anode material using plasma based dry approach rather than 
using wet chemistry for energy storage(LIB)

Plasma Technologies @Nanoscience
AAPPS-DPP 2018 in Applied Plasma Program

[A-I9: M. Ranjan@IPR] 
Constricted anode fireball for making super-
hydrophobic nanodot surfaces and role of 
plasma flux à sensing & solar cell applications

200
nm

[A-O16: T. Nonaka@Kyushu. Univ.] Nanoparticles synthesis of lithium oxide 
composite with refractory metal for lithium-ion battery electrodes

(a) As prepared Layer double
oxide (LDO) with NiO lattice
spacing of 2.41"; (b) 30s C-
plasma processed LDO with
NiO lattice expansion to
2.43" due to C-doping; & (c)
1.5 nm C-encapsulation on
LDO after 30s C-plasma
treatment.
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Plasma Source Technologies

[A-O1: M. Ishiba@Nagasaki Univ.] Development of compact retarding field energy 
analyzer for measuring ion energy distribution in planar magnetron discharge
[A-O2: H. Koguchi@AIST] Born-Nitride deposition plasma device

[A-O7: L. Chen@ASIPP] An extraction of microwave ECR plasma cathode based 
e-beam under ultralow pressure

[A-O10: Y. Kikuchi@U. Hyogo] Surface 
modifications of materials using high-
repetition nanosecond pulsed glow 
discharges under sub-atmospheric 
pressure
à Quasi-continuous plasma source
Improvement of Diamond-like 
Carbon(DLC) film properties by 
increasing the repetition frequency
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[A-I6 : W. Wang@Beihang Univ.] Plasma based CO2 conversion into value added 
products: better insights from computer modelling 

Gliding Arc

DBD 
Plasma

Ladder-Climbing 
Vibrational 
Kinetics

Multi-reforming
Electron Impact Dissociation

Better Understand Underlying Mechanisms by Computer 
Modelling

Plasma based CO2 Conversion into Value-added Fuels 

Pathway Analysis

Plasma modeling for CO2 conversion:
- Plasma chemistry (~ conversion, E-efficiency, 
products): 0D modeling
- Plasma reactors (GA): 2D or 3D fluid modeling
(Necessary: CO2 chemistry reduction)

CO2: DBD: electron impact (ground state)  
« GA: vibrational kinetics

General: Modeling useful for better insights
Þ To improve applications

CO2/CH4 : formation value-added chemicals

Improve the accuracy and reliability, using 
only verified rate coefficients

Molecules Charged species Radicals Excited species
CO2, CO CO2+, CO4+, CO+,

C2O2+, C2O3+, C2O4+,
C2+, C+, CO3-, CO4-

C2O, C, C2 CO2 (Va, Vb, Vc, Vd), 
CO2 (V1 - V21) , CO2 (E1, E2),
CO (V1 - V10), CO (E1 - E4)

O2, O3 O+, O2+, O4+, O-,
O2-, O3-, O4-

O O2 (V1 - V3), O2 (E1 - E2)

electrons

Plasma Chemistry: CO2

- But selectivity low  Þ Combine with catalysts: 
Plasma catalysis
- Comparison  O2/CH4 : different products formed: 
pathway analysis
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[A-O11 : M. Tanaka@Kyushu Univ.] High-speed measurement of electrode 
temperature of Diode-Rectified Multiphase AC Arc (DRMPA)
èDiode-rectification technique was applied to improve multiphase AC arc (MPA).

[A-I19: H. Li@Tsinghua Univ.] 
Non-equilibrium synergistic transport 
processes in an atmospheric-pressure 
thermal plasma system 

AAPPS-DPP 2018 in Applied Plasma Program
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è The synergistic mass-momentum-energy transport 
process is revealed numerically for the first time.

[A-O24: T. Morioka@Osaka Univ.] 
Pulsed oxygen negative ion plasmas 
produced by RF discharge
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Plasma Source Technologies

[A-I8: A. Hatta@Kochi Univ. Tech.] Micro-arc discharge plasma in high-
pressurized sea water for possible application to on-site element analysis of sea 
water à mineral resource extraction
[A-O3: M. K. S. Tial@Yangon Tech. Univ.] Development of dielectric barrier 
discharge plasma source for ozone generation à water treatment
[A-I21: Q. Nie@Harbin Inst. Tech.] Experimental studies on electromagnetic 
radiation intensification in GHz band by sub-wavelength plasma structures
[A-I23: H. Toyoda@Nagoya. Univ.] Influence of magnetic field on high-energy 
negative ion behavior in magnetron plasma with oxide targets 
è High energy O- is investigated with influence of magnetic field
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Plasma Source Technologies (Thruster)

 
Miniature Hall Effect Thruster and Gradually Expanding  

Rotamak Thruster for Space Propulsion 
 

S.  Xu 
  

Plasma Sources and Applications Centre/ Space and Propulsion Center Singapore, NIE, and 
Institute of Advanced Studies,  

Nanyang Technological University  

 Email: shuyan.xu@nie.edu.sg; shuyan@ntu.edu.sg 

  

This talk presents the development of solar 

electric propulsion technology at the Plasma 

Sources and Applications Centre/ Space and 

Propulsion Center Singapore (PSAC-SPCS), 

NIE, Nanyang Technological University, 

Singapore. These include two types of highly 

distinctive space propulsion systems: a 

miniaturized Hall-thruster for cube- and 

nano-sats propulsion, and a radio frequency 

rotating magnetic field driven Gradually-

Expanded-Rotamak (GER) electromagnetic thruster. The physics, engineering and performances 

of the thrusters will be discussed. A proposed in space mission will also be briefly discussed.  

 

Figure 1. PSAC’s miniature Hall Effect Thruster  

operating 
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[A-I24: S. Xu@Nanyang
Tech. Univ.] Miniature hall 
effect thruster and 
gradually expanding 
rotamak thruster for space 
propulsion 

[A-O13: S. Ogasawara@Tokyo Univ.] Laboratory experiment of Traveling 
Magnetic Field(TMF) acceleration method for electrodeless RF plasma thruster 
àpropose TMF acceleration method for improving performance

Fig. RF plasma thruster. Fig. Mechanism of TMF acceleration
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Plasma Source Technologies (Thruster)

[A-O8: T. K. Borthakur@Gauhati. Univ.] Studies of high speed plasma stream 
generated from a pulsed plasma accelerator

[A-O27: T. Ishiyama@Tohoku. Univ.] Development of a double stage 
electrostatic accelerated RF plasma thruster
è developed a double stage end Hall 
thruster that operates over 5 kW, and 
evaluated its basic nature such as plasma 
production and thruster performance.  

DC 
section

RF 
section

Fig.1  Double stage end Hall thruster[A-O28: Y. Murayama@Tokai. Univ.] 
Laboratory experiments of 
magnetoplasma sail for future deep 
space missons
è summarizes experimental studies of the 
MagSail and Magnetoplasma(MPS) sail by 
“Plasma Sail Working Group” in ISAS/JAXA.

2nd Asia-Pacific Conference on Plasma Physics, 12-17,11.2018, Kanazawa, Japan  
Laboratory Experiment of Magnetoplasma Sail for Future Deep Space Missions  

Yuki Murayama1, Kazuma Ueno2, Yuya Oshio3, Hideyuki Horisawa4 and Ikkoh Funaki5 
1 Department of Mechanical Engineering, Graduate School of Engineering, Tokai University,  

2 Chukyo University, 3Tokyo University of Agriculture and Technology,  
4Tokai University, 5Japan Aerospace Exploration Agency 

 
e-mail (speaker): yuki.murayama@ac.jaxa.jp 

 
This paper summarizes experimental studies of the 

magnetic sail (MagSail) and the magneoplasma sail 
(MPS) by “Plasma Sail Working Group” in ISAS/JAXA 
and introduces the research plans of the experimental 
study after the group dissolution. 

MagSail is a deep space propulsion system utilizing a 
large-scale interaction between the solar wind and 
artificial magnetic fields (Fig. 1). The solar wind is a 
high-velocity plasma flow constantly flowing out into 
interplanetary space from the sun. The artificial magnetic 
fields by the superconducting coil on the spacecraft, 
deflect the solar wind particles approaching the coil and 
produce a magnetosphere which is the cavity formed by 
the magnetic field in the solar wind flow. MagSail was 
proposed by R. Zubrin in 1991.[1] According to Zubrin’s 
theory, it is estimated that the magnetospheric size of 100 
km or more is necessary for a 20-N-class MagSail. 
However, it is difficult to launch a huge coil or make it in 
space. Therefore, R. M. Winglee proposed MPS using 
small coils and magnetosphere expansion by plasma 
assist. [2] (Fig. 2) The numerical analysis of MagSail was 
conducted in advance and clarified the thrust production 
mechanism. Those calculations are based on 
MagnetoHydroDynamics (MHD) model for small 
computation cost, however, the particle effect by ion and 
electron particle affects the thrust performance. It is 
difficult of calculation using full Particle In Cell (PIC) 
method considering the particle effects for whole 
MagSail area due to the limitation of computer resources. 
Therefore, the experiment including the particle effect is 
required.  

Our research group conducted the experimental 
simulations of MagSail and MPS using MPS grand 
simulator, was developed in ISAS/JAXA. Three 
MagnetoPlasmaDynamic (MPD) arcjets were used as the 
solar wind simulator[3]. MPD arcjets can easily produce a 
high-velocity plasma stream. And the numerical analysis 
using MHD method was conducted in parallel. As a 
results, we have clarified the thrust characteristics and 
the particle effect of MagSail from the grand 
experiments[4] and numerical analysis on the MHD scale. 
Next, we conducted MPS grand simulation using plasma 
jets for magnetospheric inflation.[5] Furthermore, we 
confirmed thrust increment for MPS compared with 
MagSail in the laboratory experiment. However, finally, 
as a result of the experiment, our group could not 
confirm increasing the thrust gain, that FMPS/FMagSail, for 
practical use. 
  After the working group dissolution, the magnetic 
fields and induced current measurement was conducted 
to clarify the relation between thrust performance and the 
behavior of particles on magnetospheric boundary region 

of MPS. And to increase the limited of thrust gain, we 
came up with varying the magnetic field structure inside 
the magnetopause. We proposed and developed a new 
concept MagSail, multipole type, and conducted thrust 
measurement and magnetic fields measurement of the 
multipole MagSail.[6],[7] 
  Our group aimed to launch the technically 
demonstration satellite, however, it has not been realized 
yet, because MagSail could not find its advantage over 
other electric propulsion systems near Earth orbit. Thus, 
we came up with INTERSTELLAR FLIGHT as a new 
target of future missions. One of the most advantage of 
MagSail is what it is propellant-less system and MagSail 
can generate thrust from the interstellar wind, 
super-high-velocity plasma flow from the star, over 2000 
km/s. We proposed that interstellar mission using 
MagSail. To realize interstellar flight, we have to make a 
large magnetopause and improve the performance of 
MagSail. We conducted multipolar MagSail experiment 
as the simulation of MagSail formation flight. 
 
 
 
 
 
 
 
 

Fig.1 Concept of MagSail      
 
 
 
 
 
 
 
 

 
Fig.2 Concept of MPS 
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This paper summarizes experimental studies of the 

magnetic sail (MagSail) and the magneoplasma sail 
(MPS) by “Plasma Sail Working Group” in ISAS/JAXA 
and introduces the research plans of the experimental 
study after the group dissolution. 

MagSail is a deep space propulsion system utilizing a 
large-scale interaction between the solar wind and 
artificial magnetic fields (Fig. 1). The solar wind is a 
high-velocity plasma flow constantly flowing out into 
interplanetary space from the sun. The artificial magnetic 
fields by the superconducting coil on the spacecraft, 
deflect the solar wind particles approaching the coil and 
produce a magnetosphere which is the cavity formed by 
the magnetic field in the solar wind flow. MagSail was 
proposed by R. Zubrin in 1991.[1] According to Zubrin’s 
theory, it is estimated that the magnetospheric size of 100 
km or more is necessary for a 20-N-class MagSail. 
However, it is difficult to launch a huge coil or make it in 
space. Therefore, R. M. Winglee proposed MPS using 
small coils and magnetosphere expansion by plasma 
assist. [2] (Fig. 2) The numerical analysis of MagSail was 
conducted in advance and clarified the thrust production 
mechanism. Those calculations are based on 
MagnetoHydroDynamics (MHD) model for small 
computation cost, however, the particle effect by ion and 
electron particle affects the thrust performance. It is 
difficult of calculation using full Particle In Cell (PIC) 
method considering the particle effects for whole 
MagSail area due to the limitation of computer resources. 
Therefore, the experiment including the particle effect is 
required.  

Our research group conducted the experimental 
simulations of MagSail and MPS using MPS grand 
simulator, was developed in ISAS/JAXA. Three 
MagnetoPlasmaDynamic (MPD) arcjets were used as the 
solar wind simulator[3]. MPD arcjets can easily produce a 
high-velocity plasma stream. And the numerical analysis 
using MHD method was conducted in parallel. As a 
results, we have clarified the thrust characteristics and 
the particle effect of MagSail from the grand 
experiments[4] and numerical analysis on the MHD scale. 
Next, we conducted MPS grand simulation using plasma 
jets for magnetospheric inflation.[5] Furthermore, we 
confirmed thrust increment for MPS compared with 
MagSail in the laboratory experiment. However, finally, 
as a result of the experiment, our group could not 
confirm increasing the thrust gain, that FMPS/FMagSail, for 
practical use. 
  After the working group dissolution, the magnetic 
fields and induced current measurement was conducted 
to clarify the relation between thrust performance and the 
behavior of particles on magnetospheric boundary region 

of MPS. And to increase the limited of thrust gain, we 
came up with varying the magnetic field structure inside 
the magnetopause. We proposed and developed a new 
concept MagSail, multipole type, and conducted thrust 
measurement and magnetic fields measurement of the 
multipole MagSail.[6],[7] 
  Our group aimed to launch the technically 
demonstration satellite, however, it has not been realized 
yet, because MagSail could not find its advantage over 
other electric propulsion systems near Earth orbit. Thus, 
we came up with INTERSTELLAR FLIGHT as a new 
target of future missions. One of the most advantage of 
MagSail is what it is propellant-less system and MagSail 
can generate thrust from the interstellar wind, 
super-high-velocity plasma flow from the star, over 2000 
km/s. We proposed that interstellar mission using 
MagSail. To realize interstellar flight, we have to make a 
large magnetopause and improve the performance of 
MagSail. We conducted multipolar MagSail experiment 
as the simulation of MagSail formation flight. 
 
 
 
 
 
 
 
 

Fig.1 Concept of MagSail      
 
 
 
 
 
 
 
 

 
Fig.2 Concept of MPS 
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Plasma @Agricultural Applications
[A-O17 : K. Takashima@Tohoku Univ] Agricultural Application of Gas-liquid 
Interface Reaction of Dinitrogen Pentoxide Generated by Atmospheric Air Plasma

¢ Pathogen control experiment
� Germination suppression of conidia of pathogenic fungus

� Management of plant disease
¢ Immune system activation
¢ Inactivation of TMV

Infected by F. Fujikuroi

Strawberry greenhouse 

A. Ochi, et al.: Plant Pathology 65 (2016) 67-76.

S.E. Hanbal, et al.: Arch. Virol. 163 (2018) 2835–2840.

our plasma devices

Gas-Liquid interface reactions 

Wet Seed

Virus in droplet

Droplet



Plasma @Biomedical Applications
[P25: M. Hori@Nagoya Univ.] Challenge to the systematization of the biological 
interaction by plasmas-PAM opened a new avenue in plasma medicine 

ES-2 Green: 1x106 cells i.p. 
under anesthesia Treatment: 5 times

drainage

Intraperitoneal treatment

In Vivo Confirmation of Validity of PAM for Ovarian Cancer, Pancreatic Cancer, Gastric 
Cancer, Age-related macular degeneration, and selective elimination of undifferentiated 
iPS cells (regenerative therapy) .

With Medium With PAM

Miyamoto et. al.,  Arch Biochem Biophys. 2016 Sep 1;605:95-101.

ES-2
i.p.

Day 0 1 2    3     4    5

p.l.
treatment

Day1~5: 4min/30mL SFM

PAM : Plasma  
Activated       
Medium



[A-I10 : G. Uchida@Osaka Univ] Control of ROS and RNS productions in liquid by 
using a nonthermal high-frequency plasma jet

Plasma

Cell tissue
LiquidGas

J. Heinlin et al., JEADV, 25, 1 
(2011)(Max Planck Institutes)

Atmospheric non-thermal plasma (APP) for various 
material surface treatment.           
§ APPs induce little thermal damage to material.
§ The energetic electrons can produce chemically rich  gas-
phas environments at room temperature in open air.

§ One of interesting applications is in the biomedical field.

Reaction rate (L/mol/s)
to organic material

OH 108 – 109

O₂(¹Δg) 106 – 107

O 105 – 106

O₃ 102 – 103

O₂- 1 – 10

O2 10-30
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[A-O4 : J. S. Oh@Osaka City Univ] Long-term bactericidal effect and reactive 
oxygen and nitrogen species (RONS) chemistry of radical-activated water

AAPPS-DPP 2018 in Applied Plasma Program

30 days
UV-vis

[A-O5 : K. Takeda@Meijo Univ] 
Spatial diagnostics of reactive species 
in AC-excited atmospheric pressure Ar
plasma jet generated in open air
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à Spatial distributions of OH radical measured by
laser induced fluorescence and optical emission spectroscopy

Plasma @Biomedical Applications



AAPPS-DPP 2018 in Applied Plasma Program

[A-O21 : N.Iwata@Meijo Univ.] 
Generation mechanism of bactericidal 
efficacy in the radical-activated water

[A-O22 : N.Tonmitr@U.Ryukyu]
Development of LF-Microwave hybrid plasma source for surface sterilization
Experimental Setup Sterilization Test

After the ignition
of LF –plasma, LF-
Microwave Hybrid
Plasma is
produced by
introducing the
microwave in the
rectangular
waveguide.

Antibacterial effects of LF-MW hybrid plasma
LF voltage 7kV ,Ar gas 6 l/min ,O2 gas 0.1 l/min

Biological Indicator

Bacillus atrophaeus
Population: 2.1×106 CFU

LF Plasma Jet Hybrid Plasma

[A-O23: Nasruddin@U. Muadyah] Evaluation the effectiveness of combinative 
treatment of atmospheric plasma jet and natural product on wound healing
à Evaluation engineer point of view!!

[A-O19 : Y. Sasaki@Tohoku Univ.] 
Continuous release of short-lived species 
induced by plasma irradiation and its 
application in drug delivery

Plasma @Biomedical Applications



AAPPS-DPP 2018 in Applied Plasma Program

[A-O19 : Y. Sasaki@Tohoku Univ.] Continuous release of short-lived species 
induced by plasma irradiation and its application in drug delivery

[A-O20 : Y. Kume@Meijo Univ.] To investigate of the effect of long-lived oxygen 
radical on lipid molecule diffusion, measured the lateral diffusion coefficient of 
SLB(supported lipid bilayer) as a function of immersion time 

[A-I17: E. H. Choi@Kwangwoon Univ.] Plasma medicine and its mechanism for 
cancer therapy

[A-I18: D. Xu@ Xi’an Jiaotong Univ.] Regulation of reactive species in gas plasma 
and the application in tumor therapy

[A-O25: R. Honda@Tohoku Univ.] Effects of in-liquid plasma on enhancement of 
cell membrane permeability 

[A-O26: P. Poramapijitwat@Maejo Univ.] The Investigation of 
Dielectric Barriers Discharge plasma jet (DBDJ) for bactericidal in chronic wound

Plasma @Biomedical Applications



Statistics (Applied) In AAPPS-DPP 2018 
Plenary(P: 3), Invite(AI: 24), Oral(AO: 24), Poster(AP: 64)
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