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Abstract of Thesis

This study explores the influence of lattice matching on the behavior and electronic structure of
bismuth (Bi) thin films on semiconductor substrates such as indium antimonide (InSb). My
research combines experimental and theoretical calculations to investigate the impact of the
electronic structure of the Bi/InSb system, and results demonstrate that Bi ultrathin films exhibit
significant deviations from their expected behavior when not in contact with substrates due to
interactions with the substrate itself. Angle-resolved photoemission spectroscopy (ARPES)
measurements reveal noteworthy modifications in the film's electronic band structure compared to
isolated Bi films, resulting in the formation of a quantum well state (QWS). By analyzing the
QWS wusing the theoretical phase accumulation model (PAM) and comparing it with
corresponding fitted parameters from density functional theory (DFT) calculations, my
experimental observations are further supported, providing deeper insights into the structural and
electronic changes induced by lattice matching. This study offers solutions to longstanding
debates in the field by emphasizing the critical role of lattice matching in the epitaxial growth of
materials. Furthermore, my experimental evidence reveals a semi-metal-to-metal (SMM)
transition during monolayer formation, as well as the presence of QWS starting from the bilayer
stage, challenging the prevailing notion of a semi-metal-to-semiconductor (SMSC) transition with
decreasing film thickness. These findings provide a fresh perspective on the thickness-dependent

properties of Bi thin films.
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