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1.      OBJECTIVES/APPROACH
       The key objectives of the program are to develop low cost barrier coatings for CIS and CdTe solar cells and to develop an improved understanding of the effects of water on the stability of these types of cells. The scope of this work entails investigations of multilayer, barrier coatings for CIS and CdTe thin film solar cells, and studies of stability issues, particularly those related to moisture ingress.  Investigation of barrier coatings on SSI and CSU devices will continue in an effort to establish effective approaches to encapsulate CIS and CdTe modules.  Studies will also be directed towards issues concerning cost of the coating process.  The program will be structured into three major tasks:  (1) Barrier coatings and stability studies for CIS Solar Cells; (2) Barrier coatings and stability studies for CdTe solar cells; (3) Low cost coating process development. 

2.

PROGRESS FOR THIS REPORTING PERIOD


CdTe cell structures provided by CSU were stressed and then characterized with XPS in an effort to understand the effects of moisture on CdTe devices. 
3.1 Current-Voltage Characteristics

       I-V characteristics for bare CSU CdTe subjected to damp heat stress were discussed in previous reports.  As expected, we determined that damp heat caused changes in contact resistance.  We also found, however, that changes in current loss mechanisms  and short circuit current occurred.  In particular, Jsc and Voc decreased in time as a result of 60C/90%RH (60/90) stress.  Thus, it appears that the effect of damp heat on a cell is to introduce recombination centers within the depletion region, as well as cause degradation of the back contact.  Thus, XPS profiles were acquired for stressed devices in an effort to identify defects caused by moisture ingress.  
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Figure 1.   CSU CdTe cell structure.
3.2 XPS Profiles

      The structure of CdTe cells supplied by Dr. Sampath’s group at CSU is described by Figure 1.  Two devices were examined by XPS at PNNL.  One cell had been subjected to 60/90 conditions for 1000 hours, while the other device was not stressed, but had been exposed to ambient conditions.  Both cells initially had an efficiency of approximately 10%.  In order to carry out XPS studies the thick N-C contact was removed with Methyl Ethyl Ketone (MEK). The carbon was not completely removed from the CdTe surface, however, as indicated by XPS scans. 

      XPS scans exhibited photoemission peaks near known energy locations for oxides of Cd, Cu and Te for all the stressed and unstressed samples.  Figure 2 shows high resolution photoemission spectra near the O 1s line which occurs at 530.5 eV for scans taken on as-received surfaces of a control sample and a device that had been subjected to 60ºC and 90% RH.  In both cases, photoemission due to Cd(OH)2 is very dominant.  Even though the control cell was kept at ambient conditions, as opposed to 90% RH, Cd(OH)2 formed on the surface, the hydroxide line is still prominent.  Intense emission is observed in the range of 532 to 535 eV for both samples.   This response is apparently due to complex oxides involving cadmium.  At this point, the source of this emission is unknown.  
        Figure 2 gives results for XPS scans taken on the two samples after removing 50 Å of material.  These results are quite interesting.  In the case of the stressed sample, most of the emission appears to be due to Cd(OH)2 .  On the other hand, the photoemission spectra for the control cell (unstressed) indicate that there is less hydroxide relative to CdO, and that the complex oxide related to the unknown line(s) in the range of 532 to 535 eV is still very prominent.  
     Several tentative conclusions can be made from these results.  First, consider the control cell.  If we assume the emission is primarily due to oxides on the grain boundaries, it appears that the unknown complex oxide could play a key role in grain boundary passivation.  It could therefore be very valuable to determine the identity of this complex oxide.  Based on results for the stressed cell, significant effects of the 60ºC/90%RH stress may be formation of Cd(OH)2 along grain boundaries, and elimination of the unknown complex Cd-based oxide along the grain boundaries.  If we assume that the unknown oxide is important for grain boundary passivation and/or the hydroxide results in increased recombination at grain boundaries, then it is understandable that both Jsc and Voc would decrease as a result of damp heat.   We conclude, therefore, that damp heat does more than just degrade the contacts in CdTe cells.  In particular, it appears that formation of Cd(OH)2 leads to increased recombination at grain boundaries, which decreases cell quantum efficiency and increases current losses (larger Jo).
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Figure 2.   High resolution photoemission spectra near the O 1s line (530.5 eV) for as-
 
       received surfaces for the control and stressed cells.  The dominant line is that due 
       to Cd(OH)2,  which occurs at 530.9 eV.
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Figure 3.   High resolution photoemission spectra near the O 1s line location after sputtering   
      with Ar+ to remove 50 Å of material.  The positions of photoemission for CdO  
      and Cd(OH)2 are 530.5 eV and 530.9 eV, respectively. 
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