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Repeat & 
Filter

 Xe light source driven by AC supply means light
fluctuates at ~100Hz 

 Solution:
 Pulse voltage and take multiple current measurements 

(100kHz)
 Filter for highest current value where highest

irradiance is known

Current measurements for a 0.05s 0.1V pulse Light-IV curve constructed from multiple pulses in 0.1V increments
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• Sony IMX219PQ 8.08Mpixel camera with an Arducam LS-61018CS lens is used for imaging

• Camera has small form factor (36mm x 36mm x 38mm ) and is very low-cost

• Camera position is limited to 0.59m above the sample plane, so a wide-angle lens (70°) is 
used which introduces some lens distortion

• A custom-designed camera housing has been  developed to protect camera from the harsh 
conditions of the chamber

• PTFE outer housing
• Copper heat-sink inner housing with ethylene glycol feed through for liquid cooling
• Heated front cover for defogging

 New and previously undiscovered 
degradation mechanisms continue to
be identified after field exposure in 
new photovoltaic module designs or 
materials

 Oftentimes results in significant losses 
in investment 

 This is despite passing certification 
tests. Testing is insufficient largely due 
to their single- or double-stress 
nature. 

 A Combined-Accelerated Stress Test 
(C-AST) has recently been developed

 The test combines multiple stress 
factors of the natural environment to 
better replicate conditions 
experienced by modules in the field 
and detect mechanisms not a-priori
known in new materials and designs

DuraMAT Capabilities Capability Goals Milestones Outcomes and Impact

Multiple environment combined-accelerated stress testing (C-AST) cycle. Module temperature, when different from 
chamber air temperature, is shown in parenthesis.  Ramp times are not necessarily included and shown time is sometimes 

rounded to the next higher integer unit.

Combining the stress factors of the natural environment, with 
fewer modules and with fewer parallel tests, it will be possible 
to discover potential weaknesses that are not known a-priori 
in new module designs, reduce residual risk, accelerate time 
to market and bankability, reduce costly overdesign, and apply 
known degradation rate equations to estimate service life for 
the degradation mechanisms observed in C-AST. 

• C-AST tool brought to operational status
- humidity, light, temperature, voltage & mechanical  stress 
- automated, programmed stress cycle control, with database

• Build modules for C-AST backsheet experiment
• Indentation hardness testers differentiate backsheets
• Develop C-AST testing protocol
• Develop In-situ EL and IV capability 

• Evaluation of backsheets as the vehicle for demonstration
• Show interactions between BOM and environmental stress
• Observation of failure mechanisms not seen in single factor 

tests, reducing risk.
- exchange of samples with capability 3 and 5 for forensics 

and fielding

1. Data Management & Analytics, DuraMAT Data Hub
2. Predictive Simulation
3. Advanced Characterization & Forensics
4. Module Testing: Module Prototyping and Combined-

Accelerated Stress Testing (C-AST)
5. Field Deployment
6. Techno-Economic Analysis

In-Situ Electroluminescence Imaging

Modified Atlas XR-260 :

 -40°C to 90°C temperature control
 5% to >95% relative humidity
 2-sun Xe light exposure (4 lamps)
 Water spray (front and back)
 Mechanical loading
 System voltage (±1200 V)
 Reverse Bias*
 Variable load resistors
 Reflective troughs
 Keithley 2651a for EL/IV

*planned

 Module temperature monitored via T-type thermocouples on rear surface
 6x LI-COR LI-61713 pyranometers positioned next to each sample 
 LI-CORs monitored using National Instruments 9205 digital-to-analogue card with sampling rate of 
2kHz

Severely cracked glass-glass module. As temperature increases, cracks can be seen to open and more of the cell area 
becomes disconnected

Module with degraded solder bonds. Solder bonds open and close depending on temperature

Lens Distortion Correction

R. M. Fischer and W. D. Ketola, “Error Analyses and Associated Risk for Accelerated 
Weathering Results,” in 3rd International Service Life Symposium, 2004, no. February

Failure of AAA 
in 3000 hours 
C-AST testing

Location
Time in outdoors Acceleration 

FactorHours Years

Miami, Florida 36110 4.12 12.04

Phoenix, Arizona 36968 4.22 12.32

St. Paul, Minnesota 92438 10.55 30.8

3000 hours in C-AST tropical sequence 
represents ~4 years in worst-case 
locations for AAA

Lines up with reports of field failure of 
AAA within 4-5 years exposure

Difficult to set lights such that peak 
irradiance = 1000W

Tow curves measured at different 
irradiance

Curves at Standard Test Conditions can 
be interpolated/extrapolated from two 
IV curves using protocols outlined in IEC 
60891

Calculated time-to-failure using Fischer equation based on time-to-failure in C-AST and field data from 3 
locations. Calculated values based on mean extracted constants 

Image of cameras installed in all six locations in chamber

In-situ IV Curve

Example field-
aged AAA

I1, V1 = I-V points for G1
I2, V2 = I-V points for G2
I3, V3 = Corrected points for G3
G1, G2 = Irradiances for curves 1 and 2
G3 = Target/corrected irradiance 
a = interpolation constant

mailto:*Michael.OwenBellini@nrel.gov

	Slide Number 1


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /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 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /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 false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 150

  /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 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 150

  /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 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

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

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputCondition ()

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

  /PDFXTrapped /False



  /CreateJDFFile 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 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.)

  >>

  /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

    >>

    <<

      /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 \(SWOP\) 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 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



