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Atomic Imperfections

Using cutting-edge first-principles calculations, researchers at the UC Santa Barbara
have demonstrated the mechanism by which transition metal impurities — iron in
particular — can act as nonradiative recombination centers in nitride
semiconductors. The work highlights that such impurities can have a detrimental
impact on the efficiency of light-emitting diodes (LEDs) based on gallium nitride
(GaN) or indium gallium nitride. 

The study appears in the October 17 Issue of Applied Physics Letters [Appl. Phys.
Lett. 109, 162107 (2016)].

For LEDs, high-purity material is essential to lighting technology, such as residential
and commercial solid-state lighting, adaptive lighting for automobiles and displays
for mobile devices. Imperfections at the atomic scale can limit the performance of
LEDs through a process known as Shockley-Read-Hall recombination. The operation
of an LED relies on the radiative recombination of electrons and holes, which results
in the emission of photons. Defects or impurities can act as a source of nonradiative
recombination and prevent the emission of light, lowering the LED efficiency.

The UCSB researchers, in collaboration with researchers from Rutgers University, the
University of Vienna, the KTH Royal Institute of Technology in Sweden and the
Center for Physical Sciences and Technology in Lithuania, have identified that iron,
even at concentrations less than parts-per-million, can be highly detrimental.
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Transition metal impurities such as iron have long been known to severely impact
devices based on traditional semiconductors such as silicon and gallium arsenide,
leading these impurities to be referred to as “killer centers.”  It is therefore
surprising that little attention has been devoted to understanding the role of
transition metals in recombination dynamics in gallium nitride.

“A naïve application of Shockley-Read-Hall theory, based on an inspection of defect
levels within the band gap, would lead one to conclude that iron in GaN would be
harmless,” explained Darshana Wickramaratne, lead author on the paper. “However,
our work shows that excited states of the impurity play a key role in turning it into a
killer center.”

The UCSB scientists identified a recombination pathway by which iron can lead to
severe efficiency loss. Sophisticated first-principles calculations were essential to
identify and understand the role of the excited states in the recombination process.

“Taking these excited states into account completely changes the picture,”
emphasized Audrius Alkauskas, another member of the research team. “We strongly
suspect that such excited states play a key role in other recombination phenomena,
opening up new avenues for research.”

The results highlight that strict control over growth and processing is required to
prevent the unintentional introduction of transition metal impurities. Sources of iron
contamination include the stainless steel reactors that are used in some growth
techniques for nitride semiconductors.

“Increasing the efficiency of light emission is a key goal for the solid-state lighting
industry,” said UCSB Materials Professor Chris Van de Walle, who led the research
team. “Our work focuses attention on the detrimental impact of transition metals
and the importance of suppressing their incorporation.”

The work was funded by the U. S. Department of Energy (DOE), Office of Science,
and by Marie Sklodowska-Curie Action of the European Union.

About UC Santa Barbara

The University of California, Santa Barbara is a leading research institution that also
provides a comprehensive liberal arts learning experience. Our academic community
of faculty, students, and staff is characterized by a culture of interdisciplinary



collaboration that is responsive to the needs of our multicultural and global society.
All of this takes place within a living and learning environment like no other, as we
draw inspiration from the beauty and resources of our extraordinary location at the
edge of the Pacific Ocean.


