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Furnace and laser is currently the most important doping process. However furnace is typically difficult appling
for selective emitters. Laser requires an expensive equipment and induces a structural damage due to high temperature using
laser. This study has developed a new atmospheric pressure plasma source and research atmospheric pressure plasma doping.
Atmospheric pressure plasma source injected Ar gas is applied a low frequency (a few 10 kHz) and discharged the plasma. We
used P type silicon wafers of solar cell. We set the doping parameter that plasma treatment time was 6s and 30s, and the
current of making the plasma is 70 mA and 120 mA. As result of experiment, prolonged plasma process time and highly plasma
current occur deeper doping depth and improve sheet resistance. We investigated doping profile of phosphorus paste by SIMS
(Secondary lon Mass Spectroscopy) and obtained the sheet resistance using generally formula. Additionally, grasped the wafer
surface image with SEM (Scanning Electron Microscopy) to investigate surface damage of doped wafer. Therefore we confirm
the possibility making the selective emitter of solar cell applied atmospheric pressure plasma doping with phosphorus paste.
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Nomenclature

Rypeer = Sheet resistance

r; . doping depth

q . quantity electric charge
u . mobility

N(x) : doped concentration

Subscript

SIMS : secondary ion mass spectroscopy
SEM . scanning electron microscopy
CZ : czochralski

MFC : mass flow controller
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Fig. 1 Schematics of the atmospheric pressure plasma doping to
making solar cell experiment set up
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process (Reference) and after plasma process

& 5ol 71 Skt =9 & folw Wt
& &Aool RE wotsielt), Fig, 6 di7|Y Seh2nt =3
o7 Zefznt £ A 5 Py gojw o] mHzolth
Fig, 62 (a)2F (b)olAEH df7]¢f Sefxnt = A &
827 (Texturing) & Ho]H ] EHLZ7F A FALs}o]
719 Set2uprt flo]H o] LR EAto]l P 7IA|A]
&5S gelskylet

4, 4

rhu

2

L

Ao

I PR E R MEER P
2z} 228 Agelo] TR Hie) M =

7 =
sheict, Eelzot o] ofgh el £

o, &

e

I

o

S 08¢ ZFE 2|2 efYTX| QI(P) HO|AE =Fof et 7t

ehxok H 2l A7k Sepant AR et YR
Aok, A Ao A9 ekt w0z §

[N
=
B
)
_>~4

N
FE
F_>|i
_}L
o|x
_}I_(

)
2,
=)
oo
R
H

E,

N,
9
_}‘_.

N
2

Oofr
o
L xR

J

o O
i)
ox,
e
Hu)
o2
R
A O
=2
B

ot v o
2

o ool

i

i = B oo e Nk o XN
*E )
(o]

o2 o lﬂ‘
rlo
H
o
o
Eu)
S
rx
N

N
£
st
4
pacs
Qo

=2
)
Ofr
ol
_& =
fof
o
N\
ot
ket
oot

% 7]

2 ATE 20129 % ARAAAAR) ) Yo gt
U A 7]537HA(KETEP) & A ol | A 71570 AF] (No,
20113020010080) A& wro} =3t At FAo]H, o] =
T2 20139 AR (g xshE) o AP0 gt
ko] 2| Ug wrol 423E A9l (No, 2010-0029418).,

References

[1] Li, B., Wang, L., Kang, B., Wang, P., Qiu, Y. 2006,
“Review of recent progress in solid—state dyesensitized
solar cell”, solar energy Materals and Solar cells, Vol.
99, pp. 549-573.

[2] Lee, J. S., Kim. K. H. 2007, “Solar cell Engineering”,
(Green), pp. 22—229.

[3] Harald Kerp, Jalal Salami, Gorka Bueno, Knuth Albertsen,
Juan Calos Jimeno, Aziz Shaikh, et al. 2005, 15th
International Photovoltatic Solar Energy Conference.

[4] D. Ruby et al. “High efficiency silicon solar cells by
RTP”, Appl. Phys. Lett, Vol. 65, No. 16, p. 2087, 199.

[5] Gangopadhyay, U., Saha, H., Lahir, S. K. 1998, “Spin
on diffusion for silicon solar cell fabrication”, J. IETE.
Vol. 34, No. 6, p. 450.

2013. 6 Vol9, No.2 | 27



20114 Feofsta Az esh st

ZE o0&
ﬂ
.{“

) ek Aol Bejolat Ay
(E-mail : drcftv@kw. ac. kr )

20099 Ferishn AR gelshl s
20119 Feofeka HAE e} A5}

A ek Aol e Beletat uhky
(E-mail : yms41775@naver com )

B

Ef =

20104 Feofs A2 st} s
20124 Feofst AAesta} A

g

*

W) et WAl o geslTh vy
(E-mail : nicete@kw.ac kr)

X S
L

20124 Tooyst AREest} s}

AR B2t ARpHRo| @ E skt Ak
(E-mail : kakaca23@gmail com)

20004 KAIST )83} A}
2004 KAIST Ea|8ka} ukat

A4 FedfstiL AAplo|og sk} Aol
(E-mail : bushishi 1@hotmail,com)

U o e

199041 Fyfofshin s}t A}

AR G2t ekt was
(E-mail : itkim@kw, ac kr)

F 2 3t

19841 KAIST Eaatu} A
19873 KAIST £]3}a} uhi}

A4 Fedfstin AAlo) e g sk} 1
(E-mail : ehchoi@kw,ac kr)

28 | AlxHAdof| x|

=

oK

#

1983 KAIST Ze|sfat A}
19874 KAIST Ee]8la} kit

A4 Fejstin AAplo| 2Bk} 1
(E-mail : gscho@gmail, com)

19894 University of Texas at Arlington



M22 07| S2t=0r 2AZ 0|88t 22 H2|E BYTX| QU(P) HO|AE =Fof 28 7

#7713

19941 KAIST Eeatu} A}
2000 KAIST 2|3t} uha}

. .

Ay BeofskL WAoo g 24
(E-mail :gckwon@kw,ac kr )

2013. 6 Vol.9, No.2 | 29




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


