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Grand Challenges and Key Problems 

The impact of high‐volume and cost-effective PV technologies depends critically on their reliability 
and durability over extended operating lifetimes. Successful commercialization also requires 
accurate PV lifetime predictions and related product warranties over time periods (> 20 yrs) far in 
excess of other device technologies. Ironically, despite optimistic forecasts for the impact of cost-
effective PV technologies, uncertain degradation mechanisms, the lack of testing metrologies, poor 
accelerated testing protocols, incomplete certification procedures, the almost complete lack of 
science-based kinetic degradation models, and uncertain lifetimes currently present significant 
barriers for success.  

Characterizing the stability and reliability of PV materials during manufacturing, deployment and 
in-service, including barrier-films and encapsulants, is necessary not only to design accelerated 
testing protocols to standardize PV module requirements, but also to provide the fundamentals for 
the design of improved PV materials and product designs. The currently available barrier films are 
either too expensive or are not proven to provide sufficient protection to PV technologies. The 
coupled thermo-mechanical, electro-chemical, and photo-chemical degradation mechanisms that 
determine the reliability and operational lifetimes of PV technologies are still not well understood.  
Module field failures and degradations including cracking, delamination, potential-induced 
degradation, and light-induced degradation are still commonplace.   

Existing Projects in our Thrust 
Leveraging our internationally recognized device reliability capabilities, this thrust provides the 
scientific basis, metrologies, and statistical tools needed to characterize, model and predict coupled 
thermo-mechanical and photo-chemical degradation processes in PV technologies.  Simultaneously, 
this thrust integrates its research findings into the development of new structures and materials for 
low-cost encapsulant and barrier film technologies for PV systems. 

At Stanford, Fernando Novoa and Reinhold Dauskardt have developed scalable metrologies to 
characterize coupled thermo-mechanical and photo-chemical degradation of materials and 
interfaces. The effects of manufacturing and operating environments including mechanical stress, 
flexing and bending, thermal cycling, temperature, moisture, and in-situ UV light have been 
studied. Molecular bond rupture kinetics and associated defect evolution rates have been 
characterized under the combined effects of mechanical stress, temperature, moisture and in-situ 
UV light. Physics-based kinetic models have been developed to describe the kinetics of degradation 
and defect evolution, which can be used to provide estimates of lifetimes that take into account the 
evolution of pre-existing defect populations. 

At Berkeley, Rachel Segalman and Jeffery Urban have developed a new architecture for 
encapsulants constructed from block copolymers and hygroscopic nanocrystals. These block 
copolymers, which consists of hydrophobic and hydrophilic segments, self-assembles easily and 
incorporates the hygroscopic nanocrystals into the hydrophilic domains. The hydrophobic domains 
acts as a barrier to water vapor, and the hygroscopic nanocrystals trap any permeated water 
reducing the overall transport rate.  
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At Georgia Tech, Bernard Kippelen and Samuel Graham are developing low-cost hybrid barrier 
film technologies based on the fabrication on polymer surfaces of high quality ceramic films 
deposited by either atomic layer deposition (ALD), more conventional chemical vapor deposition 
techniques, or combinations thereof. The effects of electrostatic interactions at the interfaces formed 
between multiple layers are investigated to improve the environmental stability of the hybrid ALD 
films. The thermo-mechanical properties of these barrier films are being characterized using the 
metrologies developed by the Dauskardt group. 

At Case Western, Laura Bruckman and Roger French use statistical pathway-diagrams to correlate 
observed PV degradation modes to existent stressors, relate these modes and mechanisms to known 
physical processes, and quantify their rates both within and between wide ranges of stress levels. 
System performance loss is quantified in terms of stresses and responses, which provides useful 
diagnostic information for continuous system improvement and performance forecasting. These 
techniques have been applied to identify the mechanisms of degradation of acrylic used in CPV 
applications. Concurrently, the Dauskardt group is characterizing and modeling the photo-
degradation processes in the same type of acrylics. 

Potential Growth of BAPVC 
Our reliability thrust will aggressively develop existing and new collaborations within the BAPVC 
community, NREL and the broader PV industry that will involve supporting reliability 
characterization, testing samples and materials, optimizing materials, transfer of metrologies, 
predicting operational lifetimes, developing cost models for these technologies, and validating with 
field exposures.  The ultimate intent is to establish a significant BAPVC reliability capability and 
broadly support initiatives in the BAPVC by being intimately involved in the early stages of PV 
device and module development, so that inevitable challenges with regard to manufacturability, 
device degradation and reliability can be addressed in a fundamental and rational way, rather than 
becoming insurmountable technological obstacles.  

Possible research growth opportunities in our thrust include: (1) Expansion of current work to 
characterize, model and predict coupled thermo-mechanical and photo-chemical degradation 
processes in PV technologies to include electro-chemical processes like those responsible for 
potential induced degradation (PID).  (2) Development of multi-layer thin-film mechanics and 
degradation models for cell, interconnect, and encapsulant interfaces in PV module packaging 
technologies, both cell-based and monolithically-integrated.  (3) Connecting these models  with 
detailed transport models for photons, electrons, phonons, and ions in a hierarchical fashion, in 
order to predict other failure modes. (4) Analysis and development of a database of thermo-
mechanical, electro-chemical, and photo-chemical degradation properties of materials for 
benchmarking BAPVC innovations, to guide field testing, and inform computer simulations. 
(5) Refinement of standardized reliability testing capabilities for the broader BAPVC community, 
re-designing testing for field exposed samples and calibration/validation of kinetic degradation 
models and lifetime prediction procedures using in-service and field-exposed data.  
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