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Abstract:

Nature provides us with a vast assortment of atoms in the periodic table. When these atoms oscillate,
they emit light at different energies, spanning the entire electromagnetic spectrum—from gamma rays
and X-rays to ultraviolet (UV), visible light, infrared (IR), and terahertz (THz) radiation. However,
human vision is limited to only a small portion of this spectrum—the colors of the rainbow.

To detect and generate light beyond visible wavelengths, scientists have developed artificial eyes,
such as infrared cameras. Yet, there remain unexplored frontiers in the invisible spectrum that current
technologies struggle to access. Advancing our ability to see and illuminate these spectral regions
requires breakthroughs in quantum materials and device engineering.

Our research focuses on pushing these boundaries by developing III-V Sb-based quantum
semiconductor technologies for light detection and emission across the deep UV to THz range. A
significant milestone in this field was the invention of Sb-based superlattices by Nobel Laureate Leo
Esaki. However, despite decades of research, no group in the world was able to fabricate focal plane
arrays (FPAs) based on this material—until our group successfully demonstrated the world’s first
camera based on Sb-based superlattices. Moreover, we showed that these devices surpass the
performance of the well-established mercury cadmium telluride (MCT) technology, which has long
dominated infrared detection and imaging applications.

This talk will highlight our recent advancements in III-V Sb-based quantum sensors and imaging
devices, which enable highly precise, accurate, and sensitive measurements across multiple applications.
These technologies have the potential to enhance consumer devices and services in fields such as:

e Medical diagnostics and imaging

e High-precision navigation

e Earth observation and environmental monitoring

A key feature of Sb-based quantum imaging is the exploitation of light correlations, which improves
imaging performance in terms of signal-to-noise ratio (SNR), 3D resolution, and robustness, while also
enabling new imaging modalities, including single-photon detection from deep UV to THz.

From an industrial perspective, we have not only demonstrated superior technical performance but
also validated the practical feasibility of these sensing solutions in real-world conditions. Our work
addresses key challenges related to:

e Miniaturization (size, weight, and power efficiency)

¢ Reliability in extreme environments (vibrations, noise, temperature variations, cosmic radiation)

e Integration into various platforms, including mobile and aerial systems

For successful industrial applications, integrating quantum sensors into functional modules or
systems requires a range of enabling technologies. Our work explores III-V Sb-based quantum sensors
on Si, Alz Os , GaAs, and other substrates, ensuring versatility for different applications and platforms.
By advancing these novel quantum imaging and sensing technologies, we aim to bridge the gap in our
ability to see beyond the visible spectrum, unlocking new opportunities for scientific discovery and
industrial innovation.
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