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ABSTRACT: We describe our efforts integrating new functionality into epitaxial semiconductor
materials, primarily for photonic device applications, using molecular beam epitaxial (MBE) growth. We
begin at the atomic scale, where the introduction of boron into (In)GaAs enables the first direct
bandgap materials that can be lattice-matched to silicon, a potential enabler for efficient lasers and
photodetectors on silicon. We then show how the sensitivity of avalanche photo-diodes (APD) can be
enhanced via the impact ionization characteristics by engineering at the few atom-scale using the
digital alloy growth method. This approach enables record low noise, sensitivity down to single photon
levels, potentially with photon number resolution at room temperature for future quantum information
processing systems. At the micro-/nano-scale, epitaxially-integrated high contrast dielectric and
plasmonic materials are compelling building blocks for localizing and manipulating light at
subwavelength scales. We describe our efforts to monolithically integrate active III-V materials with
patterned dielectric/metal structures, as well as crystalline semimetals and doped-semiconductors, to
yield new materials platforms for harnessing emergent phenomena to enhance light-matter
interactions. We anticipate that these capabilities will enable new paradigms in nanophotonic device
design and functionality.
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