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DFT study on the clean-up mechanism of InGaAs(001) native oxides in
atomic layer deposition

In Won Yeu*?, Cheol Seong Hwang?, and Jung-Hae Choi'*
! Center for Electronic Materials, Korea Institute of Science and Technology,
Seoul 02792, Korea

“Department of Materials Science and Engineering, and Inter-university Semiconductor Research
Center, Seoul National University, Seoul 151-744, Korea

E-mail: choijh@Kist.re.kr

Due to the outstanding electron transport properties of III-V compound semiconductors, they
are the one of the promising materials for the next-generation semiconductor materials. However,
the difficulty of avoiding the exposure of a III-V surface to oxygen results in the formation of
the native oxides with high density of defect states. Recently, it has been reported that the native
oxides are reduced during atomic layer deposition (ALD) process of Al>Os dielectric layer on top,
which is called clean-up effect. For ALD, there are many precursors of high-k materials, and the
clean-up effect depends on types of ligands and metals of the precursors. In order to efficiently
screen the various precursors and find appropriate precursors for the III-V substrates for
achieving optimum clean-up effect, computational methods are essential. In this study, the clean-
up reaction of InGaAs(001) was studied by density functional theory (DFT) calculations. As a
result of oxidation, the surface is essentially covered by their native oxides, such as As;0s, Gaz0s,
and In20s. Using the native oxide models, reduction mechanism of the native oxides was
investigated by calculating the reaction free energy during the ALD half-cycle.
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