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Summary

The main work during this quarter has been on a-Si:H solar cell characterization & modeling. Additional work was done on drift-mobilities in H-diluted a-Si:H and on a review of drift-mobilities, and on the use of polymeric p-layers for a-Si:H solar cells.

Amorphous Silicon Solar Cell Characterization & Modeling

As noted in the second quarter report, we have found an interesting “convergence” effect for the temperature-dependence of VOC in light-soaked a-Si:H solar cells. In particular, light-soaked and as-deposited a-Si:H cells shows very similar VOC at low temperatures, even when they differ at elevated temperatures. The results are nicely complementary to earlier work from Chris Wronski’s group showing convergence at high intensities. We are working to explain the temperature-dependent measurements using device modeling.

We realized during this quarter that the two principal models for defect generation during illumination can be married using our present understanding of recombination in a-Si:H. The older model, usually attributed to Stutzmann, Jackson, & Tsai, proposed that interband recombination leads to defect generation. The “t1/3” kinetics of defect growth under illumination was then associated with a particular recombination model, based on the idea that recombination was primarily through defects. We do not support this recombination model for contemporary a-Si:H at solar illumination intensities. Our work shows pretty conclusively that room-temperature recombination occurs through the bandtails, by which we mean that the recombination traffic flows primarily as free electron capture by holes trapped in the valence bandtail.

Howard Branz showed that the t1/3 kinetics can result from “hydrogen collisions.” Branz assumed that the mobile hydrogen density was proportional to the photocarrier generation rate G, thus abandoning the earlier “interband recombination” idea. Since we believe that interband recombination is the dominant recombination mechanism in a-Si:H under solar illumination, Branz’ assumption actually becomes consistent with the interband recombination hypothesis. Interestingly, for very long light-soaking times, the simplest model predicts a changeover to t1/5 kinetics if the recombination traffic switches from interband to defect dominated. We decide to explore the kinetics of VOC as a function of light-soaking time, and started the corresponding measurements.

Hole Drift Mobilities in Thin Film Si (both amorphous & microcrystalline)

We submitted a review paper on the photocarrier drift-mobilities of a-Si:H, a-SiGe:H alloys, and c-Si:H. As we have have discussed in previous reports, it is probable that the efficiencies of a-Si:H and c-Si:H solar cells are presently limited by the magnitude of the hole drift mobility. The main new claim in this paper is that the electron and hole band mobilities estimated from fittings to the drift-mobilities are nearly the same for an enormous range of disordered materials. This behavior is not expected from the “minimum metallic conductivity” concept for transport at a mobility edge. We are unaware of any theory that accounts for the behavior, which now appears well enough established to be essentially conclusive. The paper is available electronically at http://physics.syr.edu/~schiff/Publications/SchiffJPCM04.pdf .

We are working to complete a paper on the hole drift-mobilities in a series of 3 a-Si:H cells with varying H-dilution levels during deposition prepared at BP Solar (pre-demise; G. Ganguly, contact). The main scientific conclusion is a negative one: we found little difference in the hole drift-mobilities for the three samples. This surprised us; there are certainly variations in hole properties for different materials, but no one (regrettably including ourselves) has yet achieved much insight into what aspects of deposition determine hole drift.

Hole Drift Mobilities in CIGS

We are planning measurements of hole drift-mobilities in NREL’s CIGS samples, but did not receive the sample until the fourth quarter (D. Young, contact).

Polymer p-layers

We have continued work with polyaniline p-layers on top of n/i a-Si:H and n-type c-Si layers. The main parameter has been VOC measured under white-light; our present value is about 0.75 V for the a-Si:H heterostructures. It is unclear to us at present why this value is low. In principle, a polymer p-layer should permit at least as large a VOC as achieved with Si-based p-layers.

We briefly collaborated with NREL and University of Arizona to help analyze some interesting results from NREL on polymer heterostructures. These structures consisted of a bottom polymer p-layer (PEDOT:PSS) on which hot-wire a-Si:H i and n layers were deposited. The same value of VOC (about 0.88 V) was achieved in these polymer heterostructures as had been achieved with Si-based p-layers. However, the polymer layers did not require a buffer layer, which was essential with Si-based p-layers. These results are actually consistent with the (unpublished) understanding we had achieved on the role of buffer layers, and we did some device simulations that were consistent with all of the results. The simulations are included in a manuscript that was submitted to Applied Physics Letters in a paper submitted to an MRS Spring Symposium. Qi Wang was the NREL contact for this work.
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