Title:  Stability, Yield and Efficiency of CdS/CdTe Devices

Subcontract number: Subcontract No. ADJ-1-30630-07 to Colorado State University

Approach:  The aim of this research is to develop a detailed understanding of device stability, efficiency and process yield for CdTe PV devices.  This is accomplished though highly controlled processing strategies and detailed characterization. 
Accomplishments: 


During phase II of this project, significant advancements in developing the scientific and engineering basis for CdTe PV manufacturing utilizing our continuous, in-line process has been demonstrated.  Devices produced at optimal conditions have been exposed to outdoor conditions at open circuit conditions using specialized fixtures for over 900 days with no significant change in efficiency.  There is a seasonal variation in efficiency with peaks occurring in the warmer summer months.  Some of our devices have undergone accelerated stress testing for almost 3.5 years. The stress conditions are 65° C, ~ 1000 W/m2 illumination (cycled 5 hr. on/ 3 hr. off), open circuit bias, with a desiccated ambient.  There is a leveling of efficiency loss for devices subjected to extremely long duration accelerated stress.  The device stability follows an exponential function.  For optimally processed devices, the average efficiencies of devices remain nearly 10% after approximately 25,000 hours of stress.  The very long term performance depends on device processing conditions.  


Maintaining devices at open circuit during stress testing (the condition of the outdoor exposure and accelerated stress testing) is generally considered to be the most severe condition; it is expected that devices operating in the field (at max. power conditions) will have superior performance.  The stability of devices in outdoor conditions continues to be monitored.  However, the degradation outdoors after over 2.5 years is too small to develop a statistically valid correlation between the accelerated stress and outdoor conditions (if any).


The development of hardware and the determination of optimum conditions for the CdS, CdTe and CdCl2 processing steps for consistent long duration system operation has been accomplished.  This has led to the development of an optimum, baseline process for all PV fabrication steps up to the back contact formation.  This baseline process has been repeated for over 9 hours of operation.  The Voc and Jsc parameters of devices with no intentional copper (fabricated up to but not including the back contact processing) have remained consistent for over this 9 hour time.  This is a significant result because the CdCl2 process conditions are a dominant factor in determining device performance and stability.  


A production prototype system is being constructed with the support of DOE.  When operated in full production mode, the production prototype system will be capable of producing 2 million watts (2 MW) of PV a year.  Significant progress towards developing a joint venture has been made with National Starch and Chemical (NSC), the US subsidiary of the ICI Group (an international chemical and technology company with approximately $10 billion annual turnover).  NSC is collaborating and contributing cost share to the project to complete the production prototype system for processing 10 W modules described above.  


Our group has been actively participating in National CdTe Team activities including collaborative research between our group and Larry Olsen of PNNL for applying barrier coatings on CdTe PV.  An ongoing collaboration with Drs. Albin, Asher, McMahon, Romero and Wu of NREL continues.  
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