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Summary

This research project has four main tasks: solar cell modeling, drift-mobility measurements, electroabsorption spectroscopy, and evaluation of polymer-amorphous silicon heterostructure devices.

Solar Cell Modeling

We have written a paper for the recent Materials Research Society Symposium Amorphous and Nanocrystalline Silicon-Based Films – 2003 that is essentially a progress report on our work to establish the “bandtail limit” of the solar conversion efficiency for amorphous silicon based solar cells. A preprint of this paper is available at: http://physics.syr.edu/~schiff/Publications/MRS_S03_Bandtail_Limits.pdf .

The most important result of this work is that the efficiencies of as-deposited amorphous silicon solar cells are close to the values predicted by computer modeling with parameters taken mainly from hole drift-mobility measurements. Defects such as dangling bonds are neglected altogether! The measurements to which the model is compared are from a thickness-series of single-junction cells made by United Solar, and published by Subhendu Guha in a recent review paper. In the figure below we show the comparison of the calculations and the data on these cells.
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Hole Drift Mobilities in Thin Film Si (both amorphous & microcrystalline)

We have written a paper for the recent Materials Research Society Symposium Amorphous and Nanocrystalline Silicon-Based Films – 2003 that describes our present knowledge of hole drift mobilities in amorphous silicon; a preprint of this paper is available at: http://physics.syr.edu/~schiff/Publications/MRS_S03_Hole_Mobilities.pdf 

The most important result of this work is that samples made in the last few years have notably higher drift mobilities than amorphous silicon samples made ten or more years ago. So far we studied samples from Penn State and from BP Solar. The Adriaenssens group in Belgium has also reported “enhanced” drift mobilities both in “expanding thermal plasma” material and in “polymorphous material.” We have not found any particular deposition parameter (such as hydrogen dilution) that is correlated with the increase in hole mobilities.

We now wish to better explore the correlation between hole mobility measurements and actual device performance. BP Solar (G. Ganguly) made an interesting series of samples at varying deposition rate that has been studied by a number of laboratories. Dave Cohen’s group at Oregon has kindly sent us some material that they studied from this series, and we are planning measurements on these.

A second project is underway to measure samples from United Solar, and Baojie Yan has prepared some structures that we shall be testing.

A third project is to measure hole drift mobilities on the microcrystalline samples sent with Thorsten Dylla from Forschungszentrum Juelich. We are experiencing some difficulties because of the relatively high dark conductivity of the material, but believe that we shall nonetheless be able to estimate hole drift mobilities from them.

Infrared Interface Spectra in Cells

Kai Zhu is finishing up a doctoral thesis emphasizing the infrared spectra associated with the p/i and n/i interfaces of amorphous silicon based solar cells. Gautam Ganguly’s and BP Solar’s extensive series of samples have been crucial to the project.

One interesting idea that we have introduced recently to account for the n/i interface spectra is that heavily doped, n-type a-Si:H may be a multi-phase material. We introduced this idea by analogy to the known, two-phase behavior for doping in crystalline silicon; at high doping levels, most phosphorus is incorporated into inclusions of silicon monophosphide.

We are continuing to study these spectra to try to isolate the p/i interface effects. While the phosphorus doping results are fascinating, it is fairly clear that the p/i  interface is technologically more important.

Device Physics Primer

A relatively elementary discussion of device physics for pin solar cells based on an absorber layer with low carrier mobilities has been published in Solar Energy Materials and Solar Cells 78, 567 (2003); a reprint is available at: http://physics.syr.edu/~schiff/Publications/Low-mobility_Solar_Cells.pdf .

This paper contains algebraic expressions that indicate how the power from a solar cell depends upon carrier mobilities; these formulae, which have not (to our knowledge) been published before, were checked using computer modeling. We find, for example, that the power output of cells with optimum thickness rises only as the ¼ power of the (low) hole mobility.
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Symbols indicated the power (under solar simulator illumination) for single junction a�Si:H solar cells with varying absorber-layer thickness. The line is a computer calculation based on mobility parameters (and neglecting defects).
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