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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.  Investigations of barrier coatings on SSI and CSU devices will continue in an effort to establish effective approaches for encapsulation of 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



Investigations of approaches for applying barrier coatings to CdTe cells from Dr. Sampath's group at Colorado State University (CSU) continued this past quarter.  After reviewing our approach to coating the CSU cells, results of accelerated stress tests are given.
2.1
  Approach to Depositing Barrier Coatings on CSU CdTe Cells

      A collaborative investigation of barrier coatings for CdTe cells is being carried out with Dr. Sampath at Colorado State University.   The CSU CdTe cells are fabricated with a superstrate configuration.  CSU uses a Ni-C contact that is deposited as a slurry, and then cured. As indicated in Figure 1, this contact is relatively thick and rough. Cells received from CSU have back contacts and an indium pad in the corner of the square glass substrate for contacting the TCO. The glass substrates are typically 2 in. x 2 in.

[image: image1]
Figure 1.   Description of CSU cell as received by PNNL:  (A) Cross section; (B) Top    
                  view.  Drawings are not to scale.
After receiving cells from CSU, encapsulation involves the following steps (Figure 2): 
(1) deposit a silver ring contact onto the TCO coated glass; (2) deposit a polymer bridge; (3) deposit a Ni strip for contacting the back of the CdTe cell; (4) deposit a PML coating over the complete structure. Since the back contact of the CSU is so rough, cells have also been encapsulated with relatively smooth back contacts formed by sputtering carbon/Ni contacts at PNNL.  Before sputtering the contact, the CSU back contact is removed with MEK, as instructed by CSU.  The devices with sputtered contacts were encapsulated to provide a comparison to cells with the CSU contact.

         The bridge is comprised of a polymer layer several microns thick.   To date barrier coatings used on the CSU CdTe cells are similar to those deposited onto Shell Solar CIS devices.  The Ni/Ag strip contacting the back contact consists of 500 Å  of Ni followed by 2000 Å of Ag.  Direct contact of Ag to the CdTe back contact was avoided due to some researcher's concern over the effects of Ag diffusion in CdTe solar cells.  
[image: image3.bmp]
Figure 2.  Approach to encapsulating CSU CdTe cell.
2.2
  Characterization of the CSU Back Contact
      At the beginning of these studies, we were concerned that encapsulating the as-received CSU cell would be difficult because of the roughness of the back contact.   The back contact surface roughness (See Figure 3A) and the relatively abrupt step at the contact periphery (See Figure 3B) would appear to increase the probability for defect creation within the barrier coatings.  However, very encouraging results have been 
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Figure 3.   SEM micrographs describing CSU contact: (A) Contact surface; 
                  (B) Abrupt change of 75 μm at contact periphery.
obtained.   It would appear that the contact periphery presents a particularly significant challenge for applying an effective barrier coating.  A profile determined with a profilatometer indicates that the step at the contact boundary is approximately 75 μm.   Nevertheless, the PNNL approach to encapsulation involving application of a relatively thick polymer layer to establish a smooth surface is effective in this rather extreme case.  
2.3
   Accelerated Testing of CSU CdTe Cells

     Figures 4 shows results for a encapsulated CSU cell subjected to 60ºC / 40%RH.  Basically, there was no degradation of the cell after 1000 hours.  This is a significant result for two reasons.  First, the coated cell does not degrade when held at 60ºC.  Secondly, the 40% relative humidity does not create a problem.  Thus, this encapsulated cell establishes a baseline result.  Results for a bare cell are also shown.  It is important to note the contrast between results for the bare cell and encapsulated device.  
[image: image4.png]



Figure 4.   Accelerated life test data for coated cells with CSU sprayed back contacts and 



      PNNL sputtered contacts, and a bare cell with a CSU contact but no coating.
      Results for encapsulated cells subjected to 60C/90%RH conditions present a different picture than those above. The efficiency of two encapsulated CSU cells subjected to 60C/90%RH for 1000 hours degraded approximately 15 % (see Figure 5).  One device had the CSU sprayed contact and the other one had a PNNL sputtered contact. As discussed in the last quarterly report, the PNNL sputtered contact consisted of 500 Å to 1000 Å of carbon followed by 2000 Å of Ni.  In both cases the decline in efficiency is primarily due to a decrease in the fill factor.  In particular, it appears that cell resistance is increasing.  It is interesting that the rate of decrease in efficiency is approximately the same for the two cases.   A possible explanation of this effect could be that moisture 
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Figure 5.  Results for encapsulated CSU cells subjected to 60ºC/90%RH.
ingress is occurring due to the lack of an edge seal.  More data are needed in order to sort these effects out, but it is clear that we must address the edge seal issue.  At this point, the PML coatings are exposed at the edges.  With a proper edge seal, the encapsulation may be much more effective.  

      The degradation of only 15% after 1000 hours in 60ºC/90%RH conditions is a very positive result, however.   We will continue to work with CSU to develop an effective encapsulation procedure for their cells.   In the process, we would hope to begin to also develop understanding of the effect of moisture on the CdTe cell structure.
2.4
   Planned Studies with CSU

     We met with Dr. Sampath and his group after the last CdTe meeting.  The meeting was very fruitful.  A plan was formulated that for future studies.   Although the planned experiments were certainly a result of both group's input, some of the key components are given below in order to communicate where we hope to go with this collaboration.  We want to emphasize how much we appreciate the opportunity to collaborate with the CSU group.   Some of the key experiments to be carried out are :
·   Investigate effect of moisture on the CdTe cell structure

·   Investigate effect of thicker first polymer layer

·   Consider simpler coatings

·   Compare CSU contact with sputtered contacts

We will also be examining edge seal effects.
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