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Program Goals


In this program, we plan to improve the module efficiencies through development of a new optically enhanced Al/ZnO back reflector and improved i-layer deposition process.   In the case of the back reflector development, a multi-layered thin film structure consisting of films with contrasting indices of refraction placed between the Al and ZnO layers of the back reflector will be developed. These new types of back reflectors will be tested in amorphous silicon based single junction and multi-junction devices.  The differences in n of the different layers of the multi-layered back reflector and electrical conduction through the multi-layered structure will be optimized to obtain the highest reflection values, highest currents and best cell performance.  The ultimate goal is to achieve the high currents and cell efficiencies typically obtained with the Ag/ZnO back reflector with a new optically enhanced back reflector that can be used in the solar module products.  For the multi-layered structure, focus will be on preparing the layers using sputtering techniques so that this technology might be quickly applied to ECD’s present back reflector fabrication process that uses sputtering techniques.   

In the case of the i-layer, the focus will be on preparing microcrystalline silicon based intrinsic layers for low cost, high stable efficiency solar cells through the use of microwave plasmas.  In these studies, the effects of such deposition conditions as ion bombardment, substrate temperature and etchant gases on the grain size and film transparency will be studied and correlated with cell performance.  


Achievement of the goals of this program and application of these advancements to ECD’s joint venture company’s production lines would lead to an immediate improvement in module efficiencies.  These advances along with ECD’s participation in the NREL a-Si teams with other development programs will contribute to the ultimate goal of achieving stable efficiencies of 15% using a low-cost, scalable, manufacturable techniques and inexpensive substrates.  

This Quarter’s Results


In the last quarter, we reported that for an Al/(low n)/(high n)/(low n) back reflector structure (depicted in Figure 1), lowering the index of refraction for the low n material would be of greater benefit in terms of higher reflectance than raising n for the high n material.  Thus, our focus has been on depositing transparent conductive oxides with low n values.  Initially, we plan to use a-Si as the high n material.   In the last report, the results of preparing ZnO materials under various dc sputtering deposition conditions were discussed.  During this quarter, we began alloying the ZnO with a variety of different elements.
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Figure 1.

Figure 2 displays optical data for ZnOX alloys where X is an unidentified element.  Specifically, the index of refraction is plotted as a function of wavelength for three different ZnOX films with different X contents.  For this materials use as a component layer of the 


Figure 2.

back reflector structure, the wavelength region of interest is roughly between 550 and 1000 nm, as is identified in the figure.  In this wavelength region, one can see a favorable decrease in the index of refraction with increasing X content.  However, as X was increased, the optical resistance increased showing that the material with high X may not be conductive enough to use in the back reflector stack.  The trend in resistivity with varying index of refraction is shown in Figure 3.  The filled in circles are for X=0 while the triangles and squares are for films with various X and different O2 gas flows (high for █ and low for ▲).  The units for resistivity are10-3 ohms cm.  One can see the general trend of increasing resistivity with decreasing index of refraction as X is increased.  


Figure 3.


To compensate for the increasing resistivity of the films, we have studied the effect of doping the ZnOX films with Al.  The trend in resistivity with index of refraction for doped films is compared with that for undoped films in Figure 4.  While films with indexes less than 1.75 have yet been made under the doped conditions, the doped films with n=1.75-1.85 have encouraging lower resisitivities than those that are undoped.  Future studies will involve studying doped films with large X values and lower n. 


It was also found that by raising the Oxygen flow levels during ZnOX deposition to very high values, films with resistivities of (2-10)x 10-3 ohm cm and index of refractions of 1.68 could be made.  We are presently studying this very high O2 flow regime in greater detail.
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