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•  Types	
  of	
  tests	
  
•  Purpose	
  
•  Stresses	
  
•  Sample	
  size	
  

•  Some	
  important	
  gaps	
  (out	
  of	
  a	
  much	
  longer	
  list)	
  	
  
•  In-­‐field	
  detecTon	
  
•  PID	
  in	
  qualificaTon	
  test	
  
•  Soiling	
  
•  Corrosion	
  and	
  adhesion	
  
•  Reduced	
  cost	
  through	
  use	
  of	
  mini	
  modules?	
  

•  What	
  does	
  success	
  look	
  like?	
  

Outline:	
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•  Purpose:	
  
•  LifeTme	
  	
  
•  QualificaTon	
  (during	
  design	
  or	
  during	
  manufacturing)	
  
•  Process	
  control	
  	
  
•  Failure	
  detecTon/analysis	
  

•  Choice	
  of	
  stresses	
  
•  Single	
  stress	
  	
  
•  Combined	
  stress	
  (sequenTal	
  or	
  simultaneous)	
  
•  MulTple	
  stress	
  levels	
  (can	
  define	
  acceleraTon	
  factors)	
  

•  Sample	
  size	
  or	
  point	
  in	
  manufacturing	
  process:	
  
•  Material	
  or	
  component	
  
•  Mini-­‐module	
  
•  Module	
  

Overview:	
  Types	
  of	
  tests	
  –	
  Lots	
  of	
  needs	
  

Following slides identify gaps for different types of tests 
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•  Cracked	
  cells	
  can	
  become	
  disconnected	
  from	
  circuit	
  and	
  
cause	
  serious	
  failures	
  a[er	
  thermal	
  cycling	
  in	
  the	
  field	
  

•  Gap:	
  	
  How	
  do	
  we	
  idenTfy	
  modules	
  that	
  have	
  been	
  
damaged	
  (impending	
  failures)?	
  	
  (Drones	
  with	
  EL	
  or	
  
thermography?)	
  What	
  are	
  pass/fail	
  criteria?	
  	
  	
  

In-­‐field	
  failure	
  detec$on	
  –	
  Gap:	
  standard	
  test	
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•  Voltage-­‐driven	
  current	
  flow	
  through	
  the	
  glass	
  can	
  cause	
  
large	
  degradaTon	
  

•  Can	
  easily	
  be	
  tested	
  in	
  a	
  chamber	
  with	
  high	
  humidity,	
  
temperature	
  and	
  bias.	
  

•  Gap:	
  	
  Important	
  to	
  have	
  material	
  (encapsulant)	
  and	
  
component	
  (cell)	
  level	
  tests	
  for	
  quality	
  control	
  

•  Gap:	
  	
  Understanding	
  of	
  in-­‐field	
  degradaTon	
  and	
  recovery	
  
to	
  be	
  able	
  to	
  model	
  effects	
  related	
  to	
  chamber	
  tesTng	
  	
  

•  Gap:	
  	
  Complete	
  qualificaTon	
  test	
  by	
  developing	
  consensus	
  
around	
  the	
  (use-­‐dependent?)	
  pass/fail	
  criteria!	
  

Poten$al-­‐induced	
  degrada$on	
  –	
  Mul$ple	
  gaps	
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•  Soiling	
  can	
  lead	
  to	
  large	
  uncertainty	
  in	
  system	
  output	
  
•  Tests	
  are	
  needed	
  for:	
  
•  SuscepTbility	
  of	
  surface	
  to	
  soiling	
  under	
  different	
  
condiTons	
  

•  Durability	
  of	
  anT-­‐reflecTon	
  coaTngs	
  to	
  the	
  abrasion	
  
associated	
  with	
  cleaning	
  and/or	
  sand	
  blasTng	
  from	
  windy	
  
desert	
  condiTons.	
  

•  Understanding	
  local	
  condiTons	
  

Soiling	
  –	
  Gaps:	
  predic$ons	
  and	
  mul$ple	
  tests	
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•  Corrosion	
  may	
  be	
  a	
  mulT-­‐step	
  process:	
  
•  UV	
  exposure	
  weakens	
  the	
  EVA-­‐glass	
  bonds	
  
•  EVA	
  absorbs	
  moisture	
  
•  Freezing	
  expands	
  moisture	
  and	
  causes	
  delaminaTon	
  
•  Drops	
  of	
  water	
  enter	
  module	
  and	
  causes	
  corrosion	
  

Corrosion	
  –	
  Gaps:	
  adhesion	
  and	
  combined	
  stress	
  

Gap: Understand subtleties of 
combined stresses 
 
Gap:  Quantify adhesion between 
encapsulant and cell  
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•  Sample	
  size:	
  
•  Material	
  –	
  lowest	
  cost,	
  but	
  is	
  it	
  relevant?	
  
•  Mini-­‐module	
  
•  Module	
  –	
  highest	
  cost,	
  but	
  most	
  relevant	
  

•  Example:	
  	
  Backsheet	
  
•  UV	
  irradiaTon	
  of	
  full	
  module	
  is	
  expensive	
  
•  But,	
  some	
  backsheet	
  failures	
  depend	
  on	
  the	
  size	
  of	
  the	
  
sample:	
  	
  thermal	
  expansion	
  differences	
  may	
  cause	
  
backsheet	
  to	
  pull	
  away	
  in	
  a	
  full	
  size	
  module.	
  

•  Is	
  a	
  mini-­‐module	
  a	
  useful	
  compromise??	
  
•  Gap:	
  	
  How	
  to	
  fully	
  test	
  a	
  backsheet’s	
  funcTon	
  in	
  a	
  
module	
  without	
  prolonged	
  UV	
  exposure	
  of	
  a	
  full	
  module	
  

Which	
  size	
  to	
  use?	
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•  Give	
  quanTtaTve	
  indicaTon	
  of	
  lifeTme	
  
•  Uncover	
  all	
  relevant	
  failure	
  modes	
  
•  Avoid	
  sTmulaTng	
  unwanted	
  failure	
  modes	
  

•  Be	
  completed	
  quickly	
  	
  
•  For	
  new	
  product	
  launch:	
  	
  <	
  6	
  months	
  
•  For	
  process	
  control:	
  <	
  1	
  day	
  

•  Low	
  cost	
  
•  As	
  low	
  as	
  possible:	
  <	
  1%	
  of	
  total	
  cost?	
  

If	
  our	
  goal	
  is	
  a	
  set	
  of	
  ideal	
  tests,	
  then	
  we	
  have	
  gaps	
  everywhere!	
  
Biggest	
  opportuni?es	
  today	
  will:	
  	
  

•	
  Reduce	
  failures	
  in	
  the	
  field	
  (improved	
  design	
  qualifica?on	
  and	
  
improved	
  quality	
  control)	
  
•	
  Reduce	
  ?me	
  (and	
  cost)	
  to	
  bring	
  a	
  new	
  product	
  to	
  market	
  

Ideal	
  tests	
  –	
  what	
  does	
  success	
  look	
  like?	
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Breakout	
  Session	
  2	
  

Degradation or Failure 
Mode 

Inadequacy in Testing 
Protocols 

Needs for DOE funding 

•  Breakout	
  session	
  2	
  on	
  Gaps	
  in	
  TesTng	
  Protocols	
  
•  Worksheets	
  with	
  pre-­‐populated	
  degradaTon	
  modes	
  will	
  be	
  provided	
  	
  
•  Please	
  idenTfy	
  the	
  gaps	
  or	
  inadequacies	
  in	
  tesTng	
  protocols	
  

•  Tests	
  can	
  be	
  accelerated	
  test	
  protocols,	
  need	
  for	
  field	
  tesTng,	
  characterizaTon	
  needs,	
  
metrology	
  needs,	
  etc.	
  (maybe	
  mulTple	
  gaps	
  per	
  failure	
  mode	
  –	
  see	
  next	
  slide)	
  

•  If	
  there	
  is	
  a	
  need	
  for	
  test	
  standard,	
  please	
  idenTfy	
  
•  In	
  the	
  3rd	
  column,	
  please	
  idenTfy	
  if	
  there	
  is	
  a	
  need	
  for	
  DOE	
  funding.	
  	
  

•  If	
  “yes”	
  how	
  can	
  DOE	
  funding	
  be	
  most	
  impacmul?	
  	
  
•  How	
  can	
  industry	
  best	
  leverage	
  DOE	
  funding?	
  
•  Are	
  there	
  ways	
  DOE	
  can	
  help	
  facilitate	
  data	
  sharing,	
  collaboraTons,	
  etc.?	
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•  Voltage-­‐driven	
  current	
  flow	
  through	
  the	
  glass	
  can	
  cause	
  
large	
  degradaTon	
  

•  Can	
  easily	
  be	
  tested	
  in	
  a	
  chamber	
  with	
  high	
  humidity,	
  
temperature	
  and	
  bias.	
  

•  Gap:	
  	
  Important	
  to	
  have	
  material	
  (encapsulant)	
  and	
  
component	
  (cell)	
  level	
  tests	
  for	
  quality	
  control	
  

•  Gap:	
  	
  Understanding	
  of	
  in-­‐field	
  degradaTon	
  and	
  recovery	
  
to	
  be	
  able	
  to	
  model	
  effects	
  related	
  to	
  chamber	
  tesTng	
  	
  

•  Gap:	
  	
  Complete	
  qualificaTon	
  test	
  by	
  developing	
  consensus	
  
around	
  the	
  (use-­‐dependent?)	
  pass/fail	
  criteria!	
  

PID	
  –	
  Shows	
  example	
  of	
  mul$ple	
  tes$ng	
  gaps	
  



<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 150

  /ColorSettingsFile ()

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /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 <>

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 150

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /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

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXRegistryName (http://www.color.org)

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



