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Abstract: Two-dimensional (2D) and other quantum materials are of interest for next-generation devices 
such as lightweight transistors and efficient optical sensors, as well as for demonstrating novel physics. 
However, the synthesis of 2D materials is significantly more complicated than traditional semiconductor 
thin film growth. In this talk, I will discuss our to synthesize high-quality 2D and quantum materials using 
molecular beam epitaxy (MBE). 2D materials are particularly challenging to grow since the van der 
Waals bonding between layers means that they are prone to the formation of antiphase domains, 
pyramidal growth, and spiral dislocations. I will discuss the general recipe that we have found for 
growing wafer-scale 2D materials with a low density of these defects and a highly controllable thickness. 
This recipe works to grow films down to a few monolayers, allowing the unusual quantum mechanical 
effects to be observed. I will then discuss our recent efforts to use AI/ML techniques to improve film 
synthesis. I will show the development of a model that connects growth conditions to film properties in 
GaSe, allowing the grower to choose growth parameters to obtain the desired properties. Next, I will 
show how Bayesian optimization can be used to quickly and efficiently find the optimal growth 
conditions for new materials, and in particular, can be used to grow polytype-pure films of In2Se3. I will 
then discuss our efforts to synthesize site- and size-controlled quantum dots (QDs) made from 2D 
materials. Quantum dots (QDs) are semiconductors that are confined in three dimensions, leading to 
quantization of energy levels which can be leveraged to make QD light emitting diodes, lasers, and single 
photon emitters, among other devices. One of the major challenges facing QDs used for single photon 
emission is the need to create identical QDs and precisely place them within an optical device. One way 
to address these problems is to use selective area epitaxy to control the nucleation and growth of QDs. I 
will show our results in selective area van der Waals epitaxy (SAVE) of Bi2Se3 QDs where we can 
synthesize QDs with 100% selectivity with sizes down to 20 nm, meaning that the Bi2Se3 grows only on 
the substrate and not on the mask within a particular growth window. 
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