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Overview

* Introduction: Potential of hot carrier solar cells/ previous work
* InAs/AlAsSb QWs: optical design and properties
« Optical Properties/PL: Evidence for alloy fluctuations
 Analysis of hot carriers at elevated temperatures in type-ll system
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Energy conversion loss processes in a standard single-junction solar cell: (1)
lattice thermalization loss; (2) junction loss; (3) contact loss; (4)
recombination loss. A fifth arises from photons that have insufficient energy

to be absorbed by the cell.

Green, Third generation photovoltaics, p. 35 (2006)

Introduction: Loss Mechanism
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Hirst & Ekins-Daukes, Prog. PV. 19, 286 (2010)
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Hot Carriers in Quantum Wells: Recent (and earlier work...)

Several papers suggesting hot carriers are most robust in quantum
confined systems:

J. F. Ryan et al. PRL 53, 1841 (1984)

J. Shah et al. PRL 54, 2045 (1985)

N. Balkan et al. Semi. Sci. Techn. 4, 852 (1989)
K. Leo et al. PRB 38, 1947 (1988)

Potential for Solar Cells:
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InAs/AlL As, ,Sb quantum wells
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L.C Hirst, et al. JAP 117, 215704 (2015)

Temperature (K)
Photovoltaics Materials & Device Group, University of Oklahoma: http://www.nhn.ou.edu/~sellers/group/index.html

AlLAs,,Sb
/> Quiasi type-I
InAs /> transition
Two activation energies 8 meV ~ 92 K

41meV ~ 476 K



Type Il power dependence
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Analysis of “Hot Carriers”
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Thermalization Rate
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Summary

InAs/AlLAs, ,Sb quantum wells offer potential as active absorber in hot
carrier solar cells

This system has materials issues related to alloy fluctuations that are
displayed in the peak energy of the PL

The behavior is strongly related to the delocalization of carriers and an
increase in the radiative lifetime of the electrons

Thermalization factor analysis appears unsuitable for the proposed
mechanism at higher temperatures

Further analysis of absorption, radiative lifetime, and higher power of
excitation energy dependence required
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