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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 THIS REPORTING PERIOD




Efforts concentrated on working with SSI to initiate accelerated testing of SSI circuits with and without barrier layer coatings.  Details of the approach and some early results are discussed below.

2.1
Approach To Investigating Barrier Coatings For SSI Circuits




SSI is supplying 10 cm x 10 cm circuits as shown in Figure 1.   A border region was depleted by SSI so that PNNL coatings can be applied in such a manner that an effective edge seal is accomplished.   Two leads are soldered as shown by SSI.  We currently are applying coatings with these leads in place.   A schematic diagram of the coating structure is given in Figure 2.   A multilayer coating is applied to the structure with terminals protruding so that I-V data can be acquired.  The first polymer layer is deposited to establish a planarized surface.   This layer is followed by an inorganic layer that provides a diffusion barrier to water and oxygen.   These layers are followed by 
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Figure 1.   Picture of 10 cm x 10 cm SSI circuit.
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                       Figure 2.   Schematic of multilayer coating on SSI Circuit.

alternating films of polymer and inorganic materials.   In general, the polymer layers provide smooth surfaces on which to deposit the inorganic films in order to prevent cracking or other defects in the inorganic films, which in turn provide pathways for water ingress.

 

Coating and testing a circuit involves the following steps:

(1)  Measuring I-V characteristics for as received circuit;

(2)  Cleaning debris from circuit; 

(3)  Measuring I-V characteristics;

(4)  Applying PML coating;

(5)  Measuring I-V characteristics;

(6)  Subject circuit to 60ºC and 90 Relative Humidity in Tenney Environmental Chamber;

(7)  Remove from chamber occasionally for I-V measurements.

I-V measurements are acquired with an ELH bulb simulator after a 10 minute light soak.

2.2 Approach to Cleaning Circuits



We must keep in mind that there are aspects of this study that one would not face if the PNNL approach were used in a production environment.  For example, SSI cuts the 10 cm x 10 cm circuits from large 1x4 ft panels.  As a result, we must be certain that any glass debris is removed before coating.  Secondly, shipping circuits across country might also result in contaminants on the surface of the circuits.  Thus, a cleaning process is utilized prior to applying the barrier coating.  In production, one would most likely apply a barrier coating right after deposition of the TCO.  



In addition to removing debris and organics, it appears that a relatively vigorous cleaning step is required to remove loose nodules.  This area needs further investigation since this issue will be important regarding barrier coatings for the SSI material.

2.3 Multilayer Coatings



Initially, we are using coatings similar to those used by PNNL for OLEDs.  In particular, after depositing a relatively thick polymer layer followed by a film of Al2O3, alternating polymer and alumina layers are deposited as discussed above.  After determining approaches to multilayer barrier coatings for SSI circuits based on procedures similar to those used for OLEDs, we will investigate prospects for reducing the number of layers in the coating.



It should be emphasized that it is significant that the SSI circuits do not degrade as a result of the PML coating process.  A typical example of a circuit behavior is described by results given in Table 1.  I-V properties are listed for as-received, after cleaning, and after coating.   The current per unit area is calculated by dividing the total current by the individual rectangular cell area, namely, 5.71 cm2. 

Table 1 -   I- V Characteristics For SSI Circuit No. S4079-22-5

Before And After Coating






Jsc                   Voc
         FF            AM1 Efficiency





       ( mA/cm2 )
       ( Volts )


       (  %  )

As Received              29.38
           5.62
       0.588
        9.70

After Cleaning          29.35               5.63             0.612
        10.1

After Coating            29.05               5.60
       0.638                10.4

2.4 Accelerated I-V Testing



Six SSI circuits are now undergoing accelerated testing.   Table 2 gives distinguishing features of four of the circuits which have the longest test records.     One key issue that has already become clear for the SSI circuits, which may not be important for other material, is that the CIGSS cell structures contain relatively large nodules.  These nodules are sometimes as large as 20 µm in height.   They can cause a problem since they might protrude through a barrier coating, thus creating a path for water diffusion.   Although circuit #12 was stable for 600 hours at 60/90, four water spots formed on the surface within four hours of life.  We assume that moisture did not immediately reached the junction region, apparently illustrating the benefit of the multilayer structure of the barrier coating.  After identifying the nodules, two variations were incorporated in our approach.  A thicker film was utilized the first polymer layer, and more vigorous cleaning was utilized in an effort to remove any nodules that might be loosely bonded.  



Figures 3 and 4 describe results to date.   Circuit # 3 has no coating and thus will be used to establish a reference performance.  Circuits # 3 and 12 (see Figure 3) were the first devices to be placed under test and now have been subjected to 60/90 conditions for over 600 hours.  Circuits #4 and 5 (see Figure 4)  have been under test over 300 hours.  No plot is given for circuits #7and 9 since they were only recently coated. 

Table 2 -   Brief Description Of Coating Approach.

Circuit # 3 
    No Barrier Coating

Circuit # 12
     First Polymer Layer of 0.5 µm,   and mild cleaning

Circuit # 5
     First Polymer Layer of 3.5 µm, and mild cleaning

Circuit # 4             First Polymer Layer of 3.5 µm, and vigorous cleaning
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Figure 3.   Efficiency versus Hours in environmental chamber at 60ºC and 90% RH 

                       for Circuits #3 and 12.
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Figure 4.   Efficiency versus Hours in environmental chamber at 60ºC and 90% RH 

                       for Circuits #4 and 5.
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