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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



Work concentrated on studies concerning encapsulation of CdTe cells.  Three topics are discussed: comparison of stress tests of CSU cells under dry heat conditions and 60ºC/90RH; new results for a simplified coating based on a polymer and Al film; consideration of the planned CSU/PNNL test matrix.
2.1
 Comparison of Encapsulated CdTe Cells under Dry Heat and 60ºC/90RH




Efficiency versus time was reported last quarter for an encapsulated CSU cell subjected to an environment of 60ºC and 90% relative humidity.  These data are repeated in Figure 1 along with results for an encapsulated cell subjected to 60ºC and dry conditions.  The dry heat results establish a baseline to which cells subjected to 60ºC/90%RH can be compared.    The efficiency for the encapsulated cell subjected to 60ºC/90%RH conditions cell appears to decrease at a slightly greater rate than that 
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Figure 1.   Encapsulated CSU Cells Subjected to Dry Heat (60ºC) and 60ºC/90RH.

exhibited by the encapsulated cell in dry conditions.  However, it is clear that most of the decrease in efficiency (although it is only slight) for both devices is a result of the 60ºC environment. I-V parameters for the two encapsulated cells are plotted versus time in Figures 2 and 3.   In both cases, the short-circuit current is essentially unaffected.  On the other hand, the fill-factor decreases slightly over the 1000 hour period primarily due to an increase in series resistance.  FF decreases more for the cell exposed to 90 % RH.
(A)
[image: image7.emf][image: image8.emf]0

2

4

6

8

10

12

0 200 400 600 800 1000 1200

Hours At 60C/90RH

                           [image: image9.bmp] 

(B)
                           [image: image2.emf]0.5

0.6

0.7

0.8

0.9

1

0 200 400 600 800 1000

Hours


Figure 2.  I-V parameters for an encapsulated cell under 60ºC dry heat. (A) Jsc in mA/cm2 and efficiency in %; (B) Voc in volts and FF.
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Figure 3.  I-V parameters for an encapsulated cell under 60ºC/90%RH. (A) Jsc in mA/cm2 and efficiency in %; (B) Voc in volts and FF.
2.2 Results for CSU Cell Encapsulated with One Dyad and Al Film 



In an effort to explore lower cost procedures we have utilized the approach described by (A) in Figure 4 to encapsulate a CSU cell.  This approach is of course only appropriate for a superstrate configuration where transparency is not required.  The approach involved the use of one dyad which utilizes a thick polymer layer, followed by the deposition of an aluminum layer.  Figure 4B is a SEM micrograph illustrating the rough back surface and large step at the cell periphery of a CSU cell.  Results for cell efficiency versus time for a stress characterized by 60ºC/90%RH are given in Figure 4C.
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Figure 4.  Results for cell with 1 Dyad/Al Coating: (A)  Structure of 1 Dyad /Al coating; (B) SEM micrograph describing the edge of a CSU cell; Efficiency versus hours of exposure to 60C/90%RH for cell encapsulated with 1 Dyad and an Al coating.
2.3
 Planned Stability Studies with CSU CdTe Cells



Plans for a collaborative study with CSU concerning stability of CSU CdTe cells were formulated after the October CdTe meeting.   Initial emphasis will be placed on understanding the effects of stress (due to heat and humidity) on bare cells.  These studies will be followed by investigation of encapsulated cells. 
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