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Executive Summary

For this report we highlight the work on hole drift-mobilities in microcrystalline silicon solar cells from Forschungszentrum Julich. “Raman ratio” indicators for these samples indicate a high degree of crystallinity, yet hole mobilities are fairly low (about 1 cm2/Vs), and they also have the dispersion & temperature-dependence expected for mobilities dominated by exponential bandtails and a mobility edge.

We briefly report on the status of work on drift-mobility measurements in other materials, upon polymer-silicon heterostructures, and on solar-cell properties as a function of thickness.

Hole Drift Mobilities in Microcrystalline Silicon

In the figure below we illustrate some of the hole drift-mobility measurements for 3 cells prepared at Juelich. The basic intrinsic layer recipe is the same as for the best efficiency cells; these particular cells had relatively low efficiencies due to the intentionally low efficiency for the back reflector. The “Raman ratios” on comparable material were about 0.6, corresponding to about a 90% crystalline volume fraction.

The hole drift-mobility is about 1 cm2/Vs near room-temperature. As we have discussed previously, this magnitude for the hole drift-mobility determines the thickness of a region near the p-layer where hole collection is assisted by the internal electric field. We estimate this region to be about 2 microns thick under solar illumination (at the maximum power point). Some additional collection will occur through ambipolar diffusion for cells thicker than 2 microns.
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We note that these hole drift-mobility measurements are not consistent with the earlier work on Neuchatel samples by the Vilnius group. The present work uses fairly standard time-of-flight methods; the Vilnius work used a novel technique as a work-around for the larger dark conductivity of the Neuchatel material.

Although we won’t present additional experimental details here, we are intrigued by the result that the hole drift-mobility measurements are consistent with an “exponential bandtail + mobility-edge” analysis. The valence bandtail width parameter is about 30 meV, which may be compared to the 40 meV value that we find typical of contemporary a-Si:H. Equally important, the “attempt frequency”  is about 109 s-1, which is several orders of magnitude lower than for a-Si:H.

Based on this analysis, we speculate that hole transport in these fine-grained microcrystalline aggregates is describable using a mobility-edge. Most analyses of polycrystalline aggregates assume that transport involves ordinary crystalline effective masses, with the grain boundary defects causing scattering and trapping. The mobility-edge analysis is very different than this. The localization radius for electron wavefunctions very near to a mobility edge diverges, and these states presumably extend over several of the crystallites. There is no one-to-one correspondence between a particular grain boundary region and the electron states that comprise the bandtail. In this picture, the much smaller value for  in the microcrystalline samples (than in a-Si:H) may reflect a much smaller total density of states in the bandtail. Nonetheless, transport is still limited by the characteristic mobility at the mobility-edge, which is essentially 1 cm2/Vs for both amorphous and microcrystalline samples.

What are we working on now?

1. Hole drift-mobilities in hydrogen-diluted a-Si:H. Samples were made at United Solar (B. Yan). We now know that hole mobilities do vary significantly between different a-Si:H materials, and this would account at least for some of the variability in initial-state solar cell properties. We suspect that hydrogen-dilution improves hole mobilities, but we haven’t been able to find a systematic effect in previous attempts.

2. Polymer-Si heterojunctions. In previous work we used a hole transporting polymer (PEDOT) to make a p-layer on a-Si:H n/i structures. We found decent values of VOC, but other aspects of our cell properties were hard to understand. We are now assessing polyaniline as the hole transporter. PEDOT uses water as its solvent; polyaniline uses non-aqueous solvents. We are hoping for reduced oxide formation at the polymer/Si interface. To gain experience with polyaniline, we have actually been studying c-Si/polyaniline junctions, but will switch to a-Si:H junctions shortly.

3. Solar cell properties: thickness dependence. We are studying thickness series of cells prepared by United Solar (B. Yan) using uniformly absorbed laser illumination. The purpose of these experiments is to establish a set of “benchmark” measurements suitable for device modeling. We suspect that the initial-state of a-Si:H is dominated by hole transport effects, and should be able to prove or disprove this hypothesis using the new measurements. We hope to extend this study to light-soaking effects shortly.

4. Transient photocurrents in “seeded” crystalline Si layers. Harry Atwater’s group at Caltech (Maribeth Mason) sent us some structures to see if drift-mobility measurements might be possible. We haven’t been able to find photocarrier time-of-flight effects, unfortunately.

5. NREL (Dave Young) has sent us a CIGS solar cell to assess for possible hole-mobility measurements. We are just commencing the study of this structure.
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