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Drift-Mobility Measurements

Two themes of our recent work have been (i) that hole drift-mobilities have more predictive power for describing a-Si solar cell efficiencies than we had previously suspected, and (ii) that we don’t know nearly enough about which deposition variables affect the holes.

The main experimental activity in this quarter has been to measure hole drift-mobilities on a series of cells made some time ago with differing hydrogen dilutions at BP Solar; G. Ganguly was the contact. This is our second attempt with these cells, which needed to be modified to reduce the series resistance. The overall goal of the hole measurement program is to determine the deposition parameters that affect the hole drift-mobility. We know, for example, that Ge alloying sharply degrades the electron drift-mobility in cells. Hole drift-mobilities are rather low in all cases in a-Si based materials, but we have no simple understanding of the remaining variability. We had presumed that hydrogen dilution would have a simple effect on the cells, but we haven’t been able to establish such an effect experimentally.

In the coming quarter, we expect to return to the instrumental problems that need to be solved for hole measurements on nip cells deposited on stainless steel. We have a series of cells from United Solar, again with varying hydrogen dilution, for which our hole measurements need to be improved.

In addition to the experimental work, we have submitted to Journal of Physics: Condensed Matter a short review of drift-mobilities and bandtail parameters in a-Si and related materials. One unexpected trend came to light: for holes, the bandtail attempt-to-escape frequency is strongly affected by incipient crystallinity. Our measurements on microcrystalline Si cells from Juelich gave values  ~ 109 s-1, and a valence bandtail width of 30 meV. Typical a-Si:H materials yield  ~ 1012 s-1 and a bandtail width around 45 meV. The tantalizing “triode” materials made by Ganguly at Electrotechnical Laboratory yielded  ~ 1010 s-1 and a bandtail width of 37 meV. We speculate that this effect on  corresponds to a decline in the magnitude of the valence band density-of-states at the transport edge; of course, for a crystal, the edge corresponds to a density of zero. There is no correspondingly large effect for  the changes in the conduction band due, for example, to Ge alloying: the attempt-frequency is apparently unaffected even though the bandtail width changes substantially.

Cell Modeling and Cell Measurements

We have been making temperature-dependent J-V measurements on a series of cells from United Solar Ovonics using uniformly absorbed laser illumination; the purpose is to generate a target set of measurements for modeling activities. Our previous work has shown that the as-deposited cell parameters (FF, VOC, and JSC ) for each thickness are calculable using the valence bandtail parameters based on hole time-of-flight parameters, and without invoking defects.

In the last quarter we have (finally) extended our measurements to include light-soaking effects. One set of measurements is sufficiently interesting that we present them (in preliminary form) here. The measurements are done on a fairly thick nip cell (900 nm) using strong laser illumination (Jsc is about 5 mA/cm2). Light-soaking was done using the same illumination level under open-circuit conditions.

For the lowest temperatures (about 230 K), light-soaking has a negligible effect on VOC. Samples that are light-soaked show a deviation from the as-deposited curve at about 250 K (176 hours), and show a steeper decline of VOC with temperature than the as-deposited cell. We are not aware that this behavior has been noticed before. It seems simple enough to provide a satisfactory basis for modeling, which we have begun (of course).

One aspect of these data deserves emphasis, which is the decline in VOC measured under the same conditions (temperature and intensity) as the light-soaking. The decline is about 50 meV, or 2kBT, for 176 h. We are pondering whether this magnitude isn’t evidence for a “self-limiting” of the light-soaking process, by which we mean that VOC is monitoring a cross-over between recombination that produces deep-levels (or whichever structural features account for degradation), and recombination that does not.
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Polymer/a-Si:H Heterostructures

In principle, polymer p-layers could yield superior open-circuit voltages to Si-based layers for a-Si cells: the bandgaps can be quite large, so that with some luck with band alignments one might hope to have a p-layer with a good built-in potential (relative to a standard a-Si n-layer) and a large conduction band offset at the p/i interface.

We have made some additional a-Si:H based cells with polymer (polyaniline based) p-layers. We are still improving the cells’ series resistance. The open-circuit voltage of the cells we have made is around 0.7 V; we need improved J-V curves (without series resistance problems) before we shall be able to do much modeling to try to understand the value for VOC.  Nonetheless, it is puzzling to us that VOC is not higher, and we are also puzzled that this value is similar to that obtained by us a couple of years ago with a completely independent polymer system based on “PEDOT.”
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