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“Optoelectronic integration on Si: from LEDs to solar cells”

In this talk, I will describe how recent advances in epitaxial growth have created new opportunities for
integrating III-V optoelectronics on Si. Over the past several years, my group at Yale has been working to
understand the growth of self-assembled quantum dots (SAQDs) and solar cells on GaP substrates; GaP
itself has relatively few applications owing to its indirect bandgap and relatively low carrier mobilities.
Recently, a handful of groups worldwide successfully demonstrated GaP on Si with very low defect density,
and in 2012, 300 mm GaP on Si (GaP/Si) wafers became commercially available. We have recently
transferred our expertise to these novel template materials, demonstrating the first visible LEDs using
InGaAs SAQDs on Si and the highest open-circuit voltage GaAsP solar cells on GaP/Si. These two
demonstrations show a novel pathway to Si-based light emitters and to low-cost, high-efficiency solar cells,

respectively.
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“ Magnetic Fields and Soft Matter - Enabling Functional Materials by
Directed Self Assembly of Block Copolymers, Nanowires and
Surfactant Mesophases”

The ability to transform matter that displays novel physics and properties into
useful materials and devices is indivisibly linked to the ability to reliably control
structure on length scales of interest. While this has been well advanced in hard
materials, by contrast, the generation of self-assembled soft matter with arbitrary
orientations on length scales beyond 1 mm remains surprisingly challenging. An
important goal in this context is the development of approaches that enable reliable
control of morphology in thin films of microphase separated block copolymers (BCPs)
and polymer nanocomposites. For a broad spectrum of applications ranging from
separations membranes to photovoltaics, the need in particular is for control over
the out-of-plane ordering of the system, such as in the production of vertically
aligned nanostructures. Under appropriate conditions, magnetic fields offer a simple
route to directing self-assembly of purely diamagnetic soft matter systems over
large length scales in the above described manner. Here | discuss the interaction of
magnetic fields with various soft mesophases and the conditions which enable



effective alignment. Key points are addressed including degeneracy of alignment
and overcoming interfacial effects. The role of magnetic fields on order-disorder
transitions in block copolymers is examined using novel in-situ scattering studies of
systems under high fields. Examples of functional material systems for energy
generation and water purification are highlighted.
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