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Abstract:

Narrow bandgap semiconductors, such as IV-VI grown on silicon substrates, are desired for photovoltaic conver-
sion of mid-infrared thermal radiation to electrical power.  Quantum confinement of electrons and holes in the 
[111] direction removes L-valley degeneracy for this materials system, and this e�ect can be utilized to reduce the 
densities of states at the bandgap. In this work, multiple quantum well (MQW) structures composed of 
Pb0.81Sn0.19Se wells and Pb0.80Sr0.20Se barriers with intersubband energy gaps of 343 meV and 450 meV 
were modeled for thermophotovoltaic (TPV) device performance. Calculations done on both MQW materials show 
a reduction in density of states, a reduction in intrinsic carrier densities, and an increase in open circuit voltages 
as compared to bulk materials with the same bandgap.  For an achievable short circuit current Jsc=20 A/cm2 and 
a minority carrier lifetime 10=� ns, the 343 meV material shows a %38 improvement and the 450 meV material 
shows a %25 improvement. For smaller short circuit current values, this improvement percentage will be even 
higher. This work o�ers a clear benefit for developing TPV devices that are capable of capturing a larger portion 
of the optical spectrum from a thermal radiator.
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Dr. Khodr holds BSc and MSc degrees in Physics from Kuwait University and MS and Ph.D. degrees in Electronics 
and Communications Engineering from the University of Oklahoma. He worked for international companies includ-
ing Halliburton and Motorola before returning to the Middle East region. Since 2001, he has worked in several uni-
versities in the region, established and developed several higher education engineering departments, and co-host-
ed a weekly health TV program for 10 years discussing recent innovations in medical and wellness technologies.  
Currently, he is an Associate Professor in the School of Engineering at the American University of Ras Al Khaimah 
in United Arab Emirates. As an a�liated professor with University of Oklahoma he is collaborating with Professor 
Patrick McCann on 1) developing thermophotvoltaic (TPV) devices for industrial and consumer applications, and 2) 
on designing laser-based sensors for detecting cancer using exhaled breath based on quantum well design princi-


