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1.      OBJECTIVES/APPROACH


The key objectives of this program are to develop low cost barrier coatings for CdTe and CIS solar cells and to develop an improved understanding of mechanisms affecting the stability of CdTe solar cells.  The scope of this work entails investigation of multilayer, barrier coatings for solar cells and studies of stability issues for CdTe solar cells.  The work is structured into three main tasks: (1)  Barrier layer coatings for CdTe and CIS solar cells;  (2) Modeling of mechanisms influencing CdTe stability;  (3) Experimental studies of CdTe cells supporting Tasks 1 and 2.

2.

PROGRESS FOR THIS REPORTING PERIOD

2.1
   Accelerated Testing of SSI Circuits 



 Studies were initiated on the SSI 6 cm x 6 cm circuits.  This type of mini-module is shown in Figure 1.  As noted in the last quarterly, we are concerned that the relatively small deletion regions may provide paths for moisture ingress during accelerated testing.  SSI has indicated that circuits with larger deletion regions will be available in the future.  For some applications, it may be necessary to consider edge seal issues, but at this stage of our work, we prefer to eliminate edge seal problems if possible.   PNNL is developing approaches to edge seals for OLED applications and this program will eventually benefit from that effort.   I-V properties are plotted versus time in Figure 2 for one of the 6x6 circuits that exhibited stable performance for nearly 1600 hours at 60ºC and  90 RH.  This is the best result obtained to date for this type of circuit.
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          Figure 1.  The SSI 6 cm x 6 cm mini-module.
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Figure 2.   Efficiency, FF, Jsc and Voc are given for Circuit AM-41.



Several of the 6 cm x 6 cm circuits have shown degradation under the same accelerated testing conditions.  Some possible explanations are: (1) Deletion width effects; (2) Change in CIGS device properties (relative to SSI 10 cm x 10 cm circuits); (3)  Sensitivity of 6x6 circuits to processing  prior to application of coating.   Items 2 and 3 are obviously related.  By processing prior to coating we are referring to cleaning of circuits before applying the coating.  This process is being reviewed, and will probably be modified before we coat any more 6x6 mini-modules.  

2.2

 Physical Characterization of SSI Circuits



The last two quarterly reports have included discussions of results obtained for a bare 10 cm x 10 cm SSI circuit subjected to accelerated testing at 60ºC/90RH conditions. In addition to reporting illuminated I-V characteristics versus time, which showed rapid degradation of performance over the first several hundred hours of stress,  we reported on analysis of dark I-V characteristics at beginning-of-life (BOL) and after 1000 hours of stress.  It was determined that the apparent series resistance for each individual cell increased by a factor of two, the Jo-value increased by a factor of several hundred and the A-factor remained approximately the same.   These I-V parameters were determined for the dominant current mechanism near the maximum power point of the circuit.   We tentatively conclude that the 60/90 stress results in: (1) the average, effective series resistance per cell increasing; (2) the A-vale remaining nearly unchanged suggesting that the dominate recombination center in the depletion region is unchanged; (3) and the Jo value increases by more than two orders of magnitude suggesting that the number of defects responsible for recombination (at BOL) increases accordingly.  



In an effort to obtain additional information concerning the effect of 60/90 on a bare SSI circuit,  two samples were sent to NREL for Auger analyses, the sample that had been subjected to 60/90 for 1000 hours and a sample that had not been subjected to stress to serve as a control.   We also have measured sheet resistance values for the ZnO TCO on stressed and unstressed circuits at PNNL.  Results acquired to date are summarized in Table 1.  We find that the sheet resistance measured in the middle of an individual cell

increases by a factor of ten over a 1000 hour period in a 60/90 environment.   This change in R□ and the change in Rs by a factor of two may be consistent when one considers the favorable current collection geometry for the individual SSI circuits.   The Auger profiles taken by NREL for a control and stressed circuit appear to establish that a change in the ZnO stochiometry occurs as a result of the 60/90 stress.   In fact, the ratios 

determined for the two conditions are consistent with the stressed cell containing more oxygen than the control cell.   However, the wide scans taken at 0.5 µm depths do not allow determination of the bonding state of the oxygen.  Thus, the additional oxygen could exist in the form of water or zinc hydroxide.  In any case the increase of oxygen is consistent with an increase in sheet resistance.   

Table 1 --  Results for Stressed SSI Circuits
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    1.   Auger profiles taken by Joel Pankow at NREL

             2.   R□ measured at PNNL (see Figure 3)
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Figure 3.  Picture of 10 cm x 10 cm Circuit and 4 point measurement location.

2.3

 CdTe Cell Studies



A collaborative effort in Barrier Coatings for CdTe cells has been established with  the Colorado State University group led by Dr. Sampath.  We have formulated a plan that   

will involve CSU sending CdTe cells to PNNL where barrier coatings will be applied and coated cells subjected to accelerated testing.   The CSU cell structure incorporates a sprayed Ni-C contact which is relatively rough.   As a result, we will coat CSU cells as received as well as devices with modified back contacts, including sputtered Ni-C contacts.  These back contacts will be sputtered at PNNL after the CSU contact is removed.  



In preparation for the CdTe work we have fabricated fixturing that allows illumination of a cell with a superstrate configuration.   To ascertain that we are ready for such measurements, illuminated characteristics were obtained for CSU cells and compared to results obtained at CSU.  

2.5

 Collaboration with NREL on Properties of Barrier Coatings



Plans have been made for providing samples of PET coated with PNNL barrier coatings to NREL for WVTR measurements and mechanical property studies.  These collaborative efforts will be initiated during this next quarter.  
















Location of 


4 Pt Measurement



































PAGE  
2

