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Quantum materials represent the novel frontier of physics, chemistry, and engineering, 

aiming to tailor the electronic and optical properties of materials via the artificial nano-

synthesis of quantum nanostructures (QNs). QNs have been systematically explored to 

improve “classical” optoelectronic devices like low-threshold and thermally stable 

semiconductor lasers, amplifiers, detectors, solar cells, etc. Even more relevant is their 

application as solid-state building blocks for emerging quantum technologies, allowing the 

fabrication of deterministic sources of single photons and quantum entangled photon pairs 

for quantum communication, quantum simulation, and computing. 

Among the more successful growth processes to self-assemble three-dimensional quantum 

nanostructures, Droplet Epitaxy has demonstrated a high flexibility, from non-classical 

photon sources to quantum infrared photodetectors, thus becoming a fundamental growth 

procedure for the fabrication of advanced quantum devices. The Droplet Epitaxy growth 

protocol [1] exploits the controlled crystallization of metal nano-droplets into compound 

semiconductor QNs of high crystalline and optical quality. This makes it possible, by 

controlling the process kinetics, to obtain QNs with an extended chart of materials, and to 

tailor shape and topology, thus making it possible to engineer electronic, spin, and optical 

properties for targeted applications [2,3]. 

We report on the recent advances in the understanding of droplet epitaxy self-assembly 

fundamental processes and in the fabrication of non-classical photon emitters (optimizing 

entangled photon cascade devices, tuning the emission in the telecom range, etc.) and of 

advanced optoelectronic devices. 
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