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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.      BACKGROUND




Work has been conducted at PNNL to develop barrier coatings for organic light emitting diodes (OLEDs) since 1996.   As illustrated in Fig. 1, the approach has involved combining a vacuum process for deposition of polymer films with the vacuum deposition of oxide layers to fabricate a multilayer barrier film structure.  This approach is referred to as a Polymer Multi-Layer (or PML) process.   These coatings can be deposited in a vacuum web coater or in a recently constructed in-line coater [1]. 
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Figure 1.   Schematic diagram of in-line coater to deposit multilayer barrier coatings.



 
Coating requirements for OLEDs may be much more demanding than those appropriate to provide adequate life for solar cells.  For example, it is estimated that for OLED devices to have reliable performance life times exceeding 10,000 hours, oxygen transmission rates (OTR) must be below 10-2 cc/m2/d and water vapor transmission rates (WVTR) must  between 10-6 and 10-5 g/m2/d at 38 C and 95% RH.  The barrier coating effort at PNNL has demonstrated WVTR values less than 2x10-7 g/m2/d for coatings on glass [2].  




These coatings are extremely effective in preventing oxygen and water penetration.  This is a result of the inorganic layers providing the barrier properties, while the polymer layers planarize surface topography/defects, decouple defects/pinholes, and prevent damage (cracking) in adjacent inorganic layers. A tortuous path through the inorganic layers and polymer layers limits diffusion of gases and water vapor.  Since physical vapor deposited layers replicate the surface topology of the substrate, high points in the underlying substrate cannot be smoothed by an inorganic layer.  These features are also subject to mechanical damage during a coating process, which lead to defects in the deposited coating.  Ideally, the initial polymer layer effectively planarizes defects and provides an ideal surface for inorganic film deposition.   One of the key objectives of this program is to utilize the barrier coating technology developed at PNNL to develop low cost barrier coatings for thin film solar cells.

3.

PROGRESS THIS REPORTING PERIOD




This program is a new NREL funded effort.  Initial activity has been directed towards establishing collaborative activities with industries involved with thin film photovoltaics.  We are particularly interested in establishing collaborative work concerning barrier coatings and back contact studies for CdTe cells.  

3.1

Potential Collaborative Efforts




Discussions were held with Shell Solar, Industries (SSI), First Solar, BP Solar and Colorado State University (Sampath).  Plans are proceeding to investigate barrier coatings for SSI CIGS solar cells.  The approach is discussed in more detail below.   BP Solar and First Solar have both expressed interest in collaborating, but details are still being worked out.  Finally, collaborative activity with Dr. Sampath's group will definitely occur.  

3.2

Barrier Coatings For SSI Circuits.



   A collaborative effort with SSI to develop barrier coatings for CIGSS modules was established.  SSI will be providing CIGSS monolithically integrated thin-film circuits which consist of ten cells connected in series on a 10 cm x 10 cm glass substrate.  A border region will be depleted by SSI for the purpose of these studies to allow a smooth coating at the edge of the circuit.   These circuits will be coated with PML coatings and tested under accelerated damp/heat conditions.  
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