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Combined-Accelerated Stress Testing
of Photovoltaic Materials

By app|ying mu|tip|e Originating from collaborations within the International

. . g Electrotechnical Commission (IEC) and the PV Quality
environmental stresses in field- Assurance Task Force (PVQAT), the National Laboratory of
representative combinations the Rockies (NLR) leads the development and application of

and sequences, combined- CAST .to rgproduce ﬂeld fallureg, sgch as backsheet.crackmg,
delamination, corrosion, potential-induced degradation, and

accelerated stress tESting cell interconnect failures.
(CAST) identifies degradation

By accelerating the discovery of vulnerabilities in PV designs

modes and failure mechanisms while avoiding artifact failures, CAST helps manufacturers,
of photovoltaic (pv) modules developers, and utilities de-risk new technologies, reduce
operational costs, and extend system lifespans beyond 30
and components that are years. NLR's CAST services provide data-driven insights into
missed by single stress factor material and component resilience across diverse climates.

accelerated testing.
How CAST Recreates Stresses from Different Climates
Dead of Winter (18 h) Spring (2 d) Tropical (35 d-24 h/cycle) High Desert (7 d)
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-40°C, 1% RH, DL x8k (1 s), Damp Heat 40°C, 95% RH

DL x5 (40 m) Water Spray 4 h
18h A0°C 15°C (35°C) 55°C (90°C)
0
SLx2 (30 m) 20% RH DLx190 (3 s | 5%RH,1.95uns
0.8 Suns . h DL x190 (3 s)
Th Th Light Soak 55°C (90°C), 28% RH 05 05h
1.9 Suns, SLx50 (3s)4h
Water Spray
0.5h
Freeze -20°C, 5 % RH or 95%
RH-SLx20(3s)1h
dd h h
ays ours p
RH relative humidity
DL cyclic dynamic mechanical loading, 1000 Pa equivalent 55°C(90°C) 40°C
. . . . 28% RH 95% RH

SL static mechanical loading, 2400 Pa equivalent 1.9Suns Water Spray
System voltage is applied when irradiated, where suns are indicated. 2h 05h

Single temperature values indicate chamber temperatures. If two values
are listed, the first is for the chamber and the second is for the sample. 05h



Comprehensive CAST
Services Offered

Test Protocols With Field-Representative Stress
Factors: NLR's exposure protocols subject mini- and
small-module prototypes to extremes from natural
environments, such as tropical, spring, desert, and winter
conditions. These conditions can apply stresses including
1.6 suns full-spectrum xenon illumination, temperature
cycling (-40°C to 90°C), system voltage bias (1,200
volts), selectable static and mechanical load levels,
freeze-thaw cycles, simulated rain showers, and relative
humidities ranging from 1% to 100% (condensing).

By correlating lab results with our extensive field data
and models, we can determine acceleration factors for
each protocol.

State-of-the-Art Chambers With In Situ
Measurement: NLR’s custom environmental chambers
feature in situ monitoring of system voltage leakage
current, electroluminescence imaging, and current-
voltage measurements.

Failure Analysis and Diagnostics: After stress
testing, NLR uses light and dark current-voltage
curve measurements; electroluminescence;
photoluminescence; coring and cross-sectioning
(SEM-EDS) materials analysis, including

Fourier transform infrared spectroscopy; and
thermogravimetric analysis to identify specific
degradation mechanisms.

Technologies Tested With CAST

« Silicon modules (TOPCon, heterojunction,
PERC, novel technologies)

 Thin-film modules (CdTe, CIGS, a-Si:H)
» Perovskite tandem modules
» PV balance-of-systems components

« Transportation and building materials
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Examples of CAST
Degradation Modes

All the degradation mechanisms shown below
were produced by CAST in NLR’s environmental
chamber, demonstrating CAST’s ability to predict
field failures.
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