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Synopsis: In this project we focused on two-classes of semiconductor light emitting
nanocrystals, 1l-VI compound quantum dots and inorganic-organic perovskite halides, both of
which are synthesized by low-cost, solution based methods. The research has increased basic
understanding of the relationship between electronic structure and its dimensionality in relation to
optical properties, specifically optical gain for candidate laser devices. Using ultrafast, time-
resolved spectroscopic methods and innovative thin film fabrication techniques has enabled us to
identify excitonic components for the radiative gain, and formulate approached to reduce the non-
radiative Auger recombination processes. By embedding the nanocrystal 1I-VI and perovskite
optical gain media in several different types of optical microcavities, we have produces an
assessment as to the promise of these materials for transformation to high performance
semiconductor lasers across the blue-green-red spectral divide.

Summary:

Semiconductor light emitters are part of our everyday life. Compact lasers are the basic devices
in fiber optic networks and drive optical storage devices such as DVDs, while white light LEDs are
transforming the world of lighting. These technologies rely on sophisticated epitaxial single crystal
growth techniques based on molecular beam epitaxy (MBE) and metal-organic chemical vapor
deposition (MOCVD) that are routinely used in mass production. As an alternative to high-tech
MBE and MOCVD, synthesis of wide range of nanocrystal materials has found remarkably simple
creative routes via solution chemistry as well as by simplified CVD methods. This work has
produced a plethora of high quantum yield emitters in the laboratory, including colloidal 1I-VI, IlI-
V, and lead salt QDs, perovskite nano- and microcrystals and so on. Enticingly, their light emission
(and absorption) capabilities span the wavelength range from blue into infrared. Hence an
opportunity beckons: low-cost production of single nanocrystal material where wavelength of light
emission can be tuned seamlessly across a huge range.

In this project we use basic material science research while translating solution-based nanocrystal
synthesis techniques to optically pumped laser device prototypes. The prototype devices in clude
different types of optical microcavities: distributed grating feedback resonators, vertical cavity
surface emitting lasers, and photonic crystal lasers, respectively. The internal radiative
efficiencies of both 1I-VI and perovskite nanocrystals have reached up to 90% across the range
covering red-green-blue and near IR. Compared with incoherent emitters, a semiconductor laser
requires three critical attributes: (a) atomic/electronic structure compatible with formation of optical
gain; (b) a low-loss optical resonator for feedback; (c) means for energy efficient external



excitation to achieve lowest possible threshold for lasing. Beyond the high temporal and spatial
coherence (monochromaticity and collimated laser beams, respectively), the devices must
sustain operation without degradation for thousands of hours. This project has produced an
assessment whether these requirements can be met via state-of-the art nanocrystal science in
the 1I-VI and perovskite materials, respectively.
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