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1. Introduction

The market of solar cells has been recently increased.
Especially, polycrystalline Silicon solar cells have most
spread because of their low manufacturing cost. However, it
remains a problem that the conversion efficiency is inferior
to the single crystalline solar cells. The recombination
probability of photo induced carrier is large because of the
existence of dangling bonds at the grain boundary.
Therefore, defect passivation is important for improving the
characteristics of polycrystalline solar cells. The high
pressure H,O vapor heat treatment has been established as a
technology for defect passivation of poly-Si thin film
transistors (TFTs) and improvement of their characteristics
[1,2]. This treatment is attractive for defect passivation of
solar cells which consist of layered structure with PN
junction, transparent electrodes and passivation insulators
because the steam permeates semiconductors and insulators
in deep and passivate defect states.

The present paper reports improvement in
characteristics of commercial crystalline silicon solar cells
by the high-pressure H,O vapor heat treatment. Through
investigation of different conditions, we propose effective
conditions of high pressure HyO vapor heat treatment for
improvement in solar cells characteristics.

2. Experimental

Two types of commercial solar cells were prepared. One
was cast type polycrystalline silicon solar cell with the
efficiency of 95%  with a  structure  of
SiN/ITO/n+Si/p-Si/Al. The other was single crystalline
silicon solar cell with the efficiency of 13.5-16.4%, with a
structure of SiN,/ITO/n+Si/p-Si/Al. The single crystalline
solar cells were divided into the pieces with area ranging
from 1 to 2 cm?. The polycrystalline solar cells were also
divided into the almost same area. However, the grain
boundaries differently distributed among the pieces.
High-pressure H,O vapor heat treatments were applied to
the samples with pressures ranging from 1.0x10° to 1.0x10°
Pa, at temperatures ranging from 150 to 270°C and for
duration from 10 to 240 min. Electrical properties of as
fabricated and the vapor annealed samples were measured
by Agilent 4156 parameter analyzer. A light emitting diode
array with a wavelength of 590nm at an intensity of 24
mW/cm® was used for the light illumination source. The
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open circuit voltage (V,.), short circuit current (/;), and
conversion efficiency were experimentally measured.

3. Results and Discussion

Figure 1 shows the best result observed in single
crystalline silicon solar cell (a) and poly-crystalline silicon
solar cell (b) for the heat treatment for 60 min at 190°C in
1.0x10°Pa H,0 vapor environment. ., V. and conversion
efficiency were increased from 9.3 to 14.1 mA/cm?, 0.56 to
0.57 V, and 143 to 20.0%, respectively for single
crystalline silicon solar cell. They increased from 7.2 to 8.4
mA/cm?, 0.53 to 0.55 V, and 9.2 to 10.0%, respectively, for
polycrystalline silicon solar cell. These results strongly
suggest that the high-pressure H,O vapor treatment
effectively passivates defects in the solar cells. The
improvements in V., I, and conversion efficiency were
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Fig. 1 Characteristics of (a) single crystalline and (b)
poly-crystalline silicon solar cell for the heat treatment for 60
min at 190°C in 1.0x10° Pa H,O vapor environment.



probably caused by the decrease in the probability of photo
induced carrier recombination, and then the increase in the
minority carrier life time.

Figure 2 shows V,. and conversion efficiency as a
function of temperature for the H,O vapor heat treatment
for single crystalline silicon solar cells (a) and
polycrystalline crystalline silicon solar cells (b). The
average values of about 50 samples were plotted as initial
values. V. and conversion efficiency increased and reached
the maximums at 190°C for single crystalline silicon solar
cells. The average conversion efficiency was improved
from 15.2 to 16.7% by H,O vapor heat treatment at 190°C.
On the other hand, the average V. increased from 0.48 to
0.53 V by H,O vapor heat treatment at 190°C for
polycrystalline silicon solar cells. The average conversion
efficiency slightly increased from 9.1 to 9.6% by the
treatment at 150°C as shown in Fig. 2 (b).

Degradation of solar cell characteristics was observed
for treatment temperature above 190°C, as shown in Fig.2.
Figure 3 shows photo and dark current-voltage
characteristics as fabricated and 1.0x10° Pa H,O vapor
annealed for 60 min at 270°C for single crystalline silicon
solar cell. The heat treatment decreased voltage output and
fill factor of the solar cell. Those decreases result from
increase in the series resistance of solar cells. 1.0x10° Pa
H,O vapor treatment for 60 min at 270°C caused change in
color of the silver electrode lines pasted on the ITO. The
color became gray. Moreover, the resistance of the silver
electrode lines markedly increased after the H,O vapor heat
treatment. These observations suggest that degradation of
solar cell characteristics caused by high pressure H,O vapor
heat treatment at high temperature mainly resulted from
oxidation of Ag electrodes.

4. Conclusion

High-pressure H,O vapor heat treatment was applied to
improving the crystalline silicon solar cell characteristics.
This investigation revealed that application of 1x10° Pa
H,O vapor heat treatment at 190°C achieved defect
passivation and improved characteristics of silicon solar
cells. On the other hand, 1x10° Pa H,O vapor heat treatment
above 190°C caused oxidation of Ag electrodes. This
suggests that high pressure H,O vapor heat treatment should
be carried out before Ag electrode pasting in order to look
for much more improvement in solar cell characteristics.
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Fig. 2 The treatment temperature dependence of open circuit
voltage (Solid Circle) and conversion efficiency (Solid Square)
for (a) single crystalline and (b) polycrystalline silicon solar
cells. The initial values before the treatment are also indicated.
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Fig. 3 Photo and dark current-voltage characteristics of single
crystalline Silicon solar cell before and after 1.0x10° Pa H,O vapor
treatment for 60 min at 270°C. Dashed line and solid line show as
fabricated and H,O vapor heat treatment, respectively.

-746-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


