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Executive Summary

For this report we highlight the work on the infrared absorption spectrum of the p/i and n/i interfaces. We have succeeded in identifying spectral features that are associated with the p/i interface. The long-term aim has been to develop the method we use into one that can be used to better understand, and to monitor the variability of, the p/i and n/i  interfaces.

Infrared Absorption Spectra of the p/i interface in pin Solar Cells

[image: image1.wmf]-0.2

0.0

0.8

1.0

1.2

1.4

1.6

-0.4

-0.2

0.0

 

 

 

 

1.25% - 0.22%

 

 

(

D

T/T)/

D

N (10

-16

cm

2

)

Photon Energy (eV)

B-doping (%)

 0.07

 0.22

 0.27

 0.40

 0.77

 1.01

 1.25

We have been studying the infrared absorption spectra of the n/i and p/i interfaces that can be measured using reverse-bias modulation across a pin diode. Generally speaking, the effects that we have been able to understand have been associated with the n/i interface. In particular, we have shown for a series of samples from BP Solar (G. Ganguly) that increasing the P-doping level of the n-layer can lead to a sharp infrared line that we have associated with complexing of the electronically active dopant and a dangling bond defect. The second fact that has emerged is that there is more variability in the spectra than one might expect.

In recent work we have finally identified an effect that is due to the p/i interface of samples made at BP Solar, Inc. (G. Ganguly). In the figure at the bottom of the page we show the modulation spectra for a series of cells with varying p-layer doping levels. The spectra themselves may be understood as being the change in infrared optical absorption due to the (simultaneous) addition of one electron to the p/i interface, and the removal of one electron from the n/i interface.

The spectra in the bottom panel were recorded by electrically adding and subtracting charges from both the p/i and n/i interfaces, and measuring the change in the infrared transmittance. For one to observe a change in the spectrum with doping levels, etc., the atomic character of the level from which the electron is added (or removed) must change.

There is an obvious, overall effect of increasing the doping level in the a-Si:H:C:B p-layer. In addition, one can see non-systematic variations in the spectra that we attribute to variability in the interfaces; based on the spectra evidence, we think both the 0.07% and the 0.40% spectra had a different n/i interface than the remaining samples. Nominally, all these samples had the same n/i interface. We have had plenty of evidence for n-layer effects, and we’ve been studying these for several years.

The upper panel was obtained by subtracting 2 spectra for high & low B-doping. We’re trying to model the upper spectrum, which we obtained by subtracting 2 of the lower spectra. The most obvious cause for the spectrum in this panel is simply a change in the Fermi-energy of the p-layer. This effect can be modeled fairly easily using the approach pioneered by Tauc’ group for photomodulation over 20 years ago. The results are just a single peak near the optical energy separating the active defect level in the device and the conduction band. The experimental result, which shows 2 distinct features, is thus more structured than we expect. We have not formed a conclusion as to why the measurements are more complex, but for n-type material we previously needed to introduce dopant-defect complexing to account for the spectrum.

What are we working on now?

For the next quarterly report, we expect to report on hole drift-mobilities in microcrystalline silicon. We are also trying to learn how to extract hole drift-mobilities from samples deposited onto stainless steel using the nip deposition sequence (United Solar style); this technology would support studies of how hole mobilities change in a-Si:H near the “microcrystalline” edge. We are also working on polymer p-layers, although we shall probably need 6 months before we have much new to report on these. 
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The lower panel shows the interfacial absorption spectrum for pin solar cells from BP Solar for varying doping concentration of the p-layer. The upper panel is the difference between the high and low doping levels, and is associated with a change in the active dopant for the p-layer.








� Kai Zhu successfully defended his doctoral thesis, and has taken a postdoctoral position at Kansas State University.
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