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Electrode-Embedded Atmospheric Pressure Plasma
Jet Device for Humid Environment

Jae Young Kim, Jae Hyun Kim, Heung-Sik Tae, Senior Member, IEEE, and Dae Won Moon

Abstract— A newly designed atmospheric pressure plasma jet
that can generate plasma without an external power line for use
in an inhospitable humid environment is proposed. A four-bore
tube is employed as the delivery conduit, and wire electrodes
are inserted into two diagonal hollows. As the wire electrodes
are completely isolated inside the hollows of the multibore glass
tube, there is no contact with the environment at the end of
the device where the jet is produced. Two identical plasma
plumes can be generated not only in the ambient air but also
under water, thereby enabling tissue and wound treatments in
a humid environment, such as oral medicine and endodontic
care.

Index Terms— Atmospheric pressure plasma device, plasma in
liquid.

N ATMOSPHERIC pressure plasma jet (APPJ) device

consisting of conduit tubes for feed gases and electrodes
is a simple means to create nonthermal glow plasmas in ambi-
ent air [1]. Since APPJs exhibit nonthermal plasma behavior,
even when they contain many charged ions and electrons for
treatment purposes, the temperature of the resulting plasmas is
low enough to avoid damage to the treated region. Therefore,
this particular feature allows atmospheric pressure plasmas
to interact with biological applications [2]. Studies on the
potential use of APPJs for treating tissues and wounds have
already reported that when exposed to the reactive species in
a plasma plume, tissues and wounds are sterilized and quickly
healed [2]. Notwithstanding, the difficulties related to the use
of plasmas for cell and tissue treatments include the precise
delivery of the plasma to cellular tissues in the body and the
risk of electric shock for the operator and patient due to the use
of high voltages. Accordingly, to facilitate the application
of plasma in oral medicine and endodontic care, this paper
presents a new APPJ device with electrodes embedded inside
the plasma delivery tube to avoid operational breakdown in a
humid environment.
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Multibore tubes are used as the delivery conduit for the
electrode embedding, where the multibore consists of four
equal hollows with a 1.5-mm diameter. Two of the bores are
used for the nonthermal plasma jets, while the other two bores
are used for the electrical feedthrough. The total outer diameter
of the four-bore glass tube is 6.35 mm. The ends of two of
the four hollows are sealed shut using epoxy glue. Metal wire
electrodes with a 1.2-mm diameter are then inserted into the
two sealed hollows. The plasma jet device is 20 cm in length
and 6.35-mm wide, which ensures that the generated plasma
jet and electrical feedline are separated by a spatial distance
of 20 cm.

One advantage of the proposed plasma device is that
the distance between the two electrodes, which is the most
important design parameter as regards igniting and sustaining
the discharge, does not change regardless of the length of
the plasma device. As a result, the proposed plasma device
can be easily fabricated with a shorter or longer length for
different treatment conditions. The driving voltage is a sinu-
soidal waveform with a peak voltage of 5 kV and frequency
of 30 kHz, and high-purity helium (>99.997%) is used as the
carrier gas. Due to the small inner diameter of the hollows,
the gas flow rates are required to be fairly low at ~4 slm
(standard L/min). As a result, the device produced two equal
plasma plumes of 2.5 cm, as observed in Fig. 1(a).

Another advantage of the proposed configuration is that it
allows the device to operate stably in adverse environments.
Since the ends of the two hollows containing the electrodes
are sealed shut, the risk of unwanted electrical breakdown is
essentially eliminated. Thus, the proposed plasma jet device
can be submerged in water, as shown in Fig. 1(b) and (c).
In experiments, although the plasma plumes extending beyond
the confines of the hollows were shortened to 1 mm under
water, the plasma device was still able to continue operating in
a stable state. The reason that plasma jet length was shorter in
water than in air is caused by the different density of media.
In this plasma device, a helium discharge ignited between two
electrodes inside the hollows of the glass tube and the flowing
afterglow of atmospheric pressure plasma came out through
two nozzles to the outside due to the neutral helium gas flows.
When an outside medium is quite dense like water, by the way,
the flowing afterglow of plasma has trouble in going out of
the plasma device, resulting in the short plasma plume length
in water. Even if the plasma jet length shortened to 1 mm,
numerous chemical species still existed in plasma medium
and came out through the device with helium bubbles. On the
contrary, when the outside is a sparse medium (<760 torr),
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Fig. 1. (a) APPJ device with two electrodes embedded in embedded in a multibore tube. Two of the bores are used for the plasma jets, while the other two
bores are used for thin wire electrodes. (b) Enlarged plasma image of helium plasma generated in water and (c) original plasma image in a cell culture flask
with water. Two wires are isolated inside of the four-bore tube, thereby not allowing contact with the adverse environment at the end of the device where
the jet is produced. To make good exposure, the camera shutter speeds for (b) and (c) were adjusted to 5 and 0.8 s, respectively. In these exposure times, the
helium bubbles were blurred in the plasma image due to the rapid movement of bubbles. The pictures were taken using the digital single-lens reflex camera
with macrolens (Canon EOS 700D camera with Canon EF 100-mm 2.8 Macro USM lens).

the flowing afterglow of plasma has a diffusive shape, as
reported in [3].

This ability is crucial when using plasmas in the moist
atmosphere of the human mouth for oral medicine and
endodontic care. Finally, the proposed plasma jet design
configuration also eliminates the need for both an external
electrical supply connection and packaging material to
protect the device. As a result, the atmospheric pressure
plasma device can be smaller and more compact for precise
biomedical treatments.

(1]

[2]

[3]

REFERENCES

X. Lu, Q. Xiong, Z. Tang, Z. Jiang, and Y. Pan, “A cold plasma jet
device with multiple plasma plumes merged,” IEEE Trans. Plasma Sci.,
vol. 36, no. 4, pp. 990-991, Aug. 2008.

D. B. Graves, “The emerging role of reactive oxygen and nitrogen
species in redox biology and some implications for plasma applications
to medicine and biology,” J. Phys. D, Appl. Phys., vol. 45, no. 26,
p. 263001, 2012.

W.-C. Zhu, Q. Li, X.-M. Zhu, and Y.-K. Pu, “Characteristics
of atmospheric pressure plasma jets emerging into ambient air and
helium,” J. Phys. D, Appl. Phys., vol. 42, no. 20, p. 202002,
20009.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


