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A Study on the Application of Thin Film Passivation and
Crystalline Silicon Solar Cells Using PECVD Process

Kwan-Do Kim"’

1 Dept. of Convergence Software, PyeongTaek University

ABSTRACT

In this study, SiNx and Al2Os thin film was manufactured using PECVD deposition process and applied to

crystalline silicon solar cells, resulting in 16.7% conversion efficiency. The structural improvement experiment of the

rear electrode resulted in a 1.7% improvement in conversion efficiency compared to the reference cell by reducing the

recombination rate of minority carriers and increasing the carrier lifetime by forming a passivation layer consisting of

SiNx and Al20Os thin films through the PECVD process.
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Fig. 1. Schematic diagram of PECVD deposition system.
PECVD is composed of process chamber, substrate
assembly, gas delivery system, plasma source,
pumping system.
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Fig. 2. Schematic diagram of the crystalline silicon solar cell.
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Table 1. PECVD deposition process condition (SiNx thin
film deposition)

Carrier Gas (sccm) WP Distance |Power | Time
SiHs | NH3 | N | (mTorr) (mm) (W) | (sec)
20 10 90 10 160 100 80

Table 2. PECVD deposition process condition (ALO; thin film

deposition)
Ca(I::zn()}as WP Distance | Power | Time
™A | o | @Tom) | (mm) | (W) | (sec)
m %0 2 160 100 | 20

Journal of KSDT Vol. 19, No. 2, 2020



70 ASe

Spectrum 1

2 4 6 8 10 12 14 16 18 20
Full Scale 2898 cts Cursor: 0.000 keV

(b
Fig. 3. HR FE-SEM(JEOL, JSM-7401F) images of deposited
ALOs film by TMA(Trimethyl Aluminum) liquid
source. (a) cross section (b) EDS spectrum.

Table 3. Silicon solar cell parameters (Full BSF and Local

BSF)
BSF(Back Solar cell parameters '
Surface Field) Isc Voc F.F. Efficiency
(A) (mV) (%) (%)
Full BSF 8.530 600 71.4 15.0
Local BSF 8.353 597 79.7 16.7
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Fig. 4. AO; layers grown by various deposition techniques
contain a significant density of negative charges.
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Fig. 5. Field effect passivatioin in the back electrode (a) local
BSF(‘+* charge dielectric) (b) local BSF(‘-’ charge
dielectric).

Fig. 5@ollAet Zo] $HHFOR o]Fs}
A2 Al BSF(Back Surface Field) contact-2- E-5}
B2 ) st &8HA == 22 () AskE o
% 7MtolollM = oFgt Ao g3
o2 THHFA AT 2R AII}
S)ellAet Zo] FHHFORE olFste] ==
() s me AOs S22 Q10| 2hgate g5 =3
aIrL F7FsHA Hek



kel
T

EERLGGE

3]

hal

N
2,
o

Z g0

ik

i

71

Bz A& FHA7I7] Sl AT ﬁﬂ*lﬂﬂ
o] X(field-effect passivation)of] that @e &7} AP =L
o] cloget Hiu A B4E 48510] Bl A 3
ol wluke Z243H0 B 0255 EA
2 Qo] PECVD 24 olgalo
4E Azbste] 244 AP gHgFAA
167%2] 335 A &S

T 39 72 A AEL Slalol
2 SiNx@} AbOs HfHFO 2 JLAJE o
of 444 AgE HEHA
a4 7fe] o152 AATE (recombination rate)2 Eo]aL 7H
2]0] lifetime- Z7}HA]# Local BSF(Back Surface Field) 722
Xm‘ﬁ}x] - reference cell ¥} thH]sto] Hok gRYE A&

E

rar

Hag

1. Jiun-Hong Lai et al, "High-Efficiency Large-Area Rear
Passivated Silicon Solar Cells With Local AlI-BSF and
Screen-Printed  Contacts", IEEE  Journal of
Photovoltaics, Vol. 1, No. 1, pp. 16-21, 2011.

2. K. Kotsovos, K. Misiakos, "Base limited carrier
transport and performance of double junction rear point
contact silicon solar cells", Solar Energy Materials &
Solar Cells, 77, pp. 209-227, 2003.

3. Emmanuel Van Kerschaver and Guy Beaucarne, "Back-
contact Solar Cells: A Review", Progress in
Photovoltaics: Research and Applications, Vol. 14, pp.
107-123, 2006.

4. R. Woehl, J. Krause, F. Granek, D. Biro, "Highly
efficient all-screen-printed back-contact back-junction

silicon solar cells with aluminum-alloyed emitter",
Energy Procedia, Vol. 8, pp. 17-22, 2011.

5. S. M. Yang, J. Pla, "Optimization of the back contact in
c-Si solar cells", Solid-State Electronics, Vol. 53, pp.
925-930, 20009.

6. Daniel Kray, Martin Hermle and Stefan W. Glunz,
"Theory and Experiments on the Back Side Reflectance
of Silicon Wafer Solar Cells", Progress in Photovoltaics:
Research and Applications, Vol. 16, pp. 1-15, 2008.

7. Dae-Yong Lee et al, "A new back surface passivation
stack for thin crystalline silicon solar cells with screen-
printed back contacts", Solar Energy Materials & Solar
Cells, Vol. 95, pp. 26-29, 2011.

8. K. A. Munzera et al, "Physical properties of industrial
19 % rear side passivated Al-LBSFR-solar cells",
Energy Procedia, Vol. 8, pp. 415-420, 2011.

9. K. A. Munzer et al, "Rear Side Passivated and Locally

Contacted Solar Cells with Laser Diffused Selective

Emitter", Energy Procedia, Vol. 15, pp. 1-9, 2012.

Eunjoo Lee et al, "Exceeding 19 % efficient 6 inch

screen printed crystalline silicon solar cells with

selective emitter", Renewable Energy, Vol. 42, pp. 95-98,

2012.

Hoong Joo Lee, “TCAD Simulation of Silicon Pillar

Array Solar Cells”, Journal of the Semiconductor &

Display Technology, Vol. 16, No. 1, pp. 65-69, 2017.

Myung-il Jeong and Cheol-Jong Choi, “Passivation

property of Al2Os thin film for the application of n-type

crystalline Si solar cells”, Journal of the Korean Crystal

Growth and Crystal Technology, Vol. 24, No. 3, pp. 106-

110, 2014.

10.

11.

12.

4220201 69 11, A1Ab: 20209 69 222
A 2: 20209 69 22

Journal of KSDT Vol. 19, No. 2, 2020




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


