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Research
ü Energy harvesting: We research on new energy harvesting processes for light trapping and energy

storage, solar production of chemical fuels, solar desalination, solar steam generation, and carbon
negative technologies.

ü Advanced materials: We research on complex materials that control broadband light at the nanoscale
with applications in perfect black-body absorbers, structural coloration, and light wavefront
engineering.

ü Artificial intelligence (AI): We research on exotic light states (Anapoles and general radiation-less
states) and a new generation large-scale artificial intelligent cognitive devices, including new forms of
optical neurophotonics integrated chips for low-power and efficient AI on-chip.

ü Nano-Imaging: We research on complex bio-imaging devices with applications ranging from
enhanced surface enhanced Raman scattering (SERS), high resolution multicellular spectroscopy,
and nanoscale bio-sensing

ü Perfect secrecy: We research on new scalable and CMOS compatible optical platforms for
information security via perfect secrecy, i.e., unbreakable cryptography, in ultrafast classical optical
communication systems.



ü World record ultra-dark optical materials for different applications

Applications
Advanced materials: some highlights

Examples of applications in structural colors & water
desalination



ü World record efficiency in plasmonic photocatalysis for hydrogen production

Applications
Energy Harvesting: some highlights



ü First realization of unbreakable cryptography on a classical optical system ever reported. (Patented 
technology)

Applications
Perfect secrecy: some highlights



ü Ultrafast broadband single molecule imaging

Applications
Bio-Imaging: some highlights

ü New AI techniques for bio-
detection in the visible range



ü Proprietary Patented revolutionary technology for high-efficient, ultra-thin (50 nm), dense optical 
nanoprocessing metasurfaces (KAUST 100% owned Patent)

Applications
AI: Autonomous Learning Framework for Rule-based Evolutionary Design (ALFRED)

• Single and flexible optical
components at 1/10 the current
commercial cost

• New Integrated systems
(displays, cameras,…) with
custom designed properties that
can be arbitrarily defined and
engineered by the user

• Custom made AI learing
algorithms capable of running
on supercomputers and HPC
clusters.

• US Patent App. No. 62/799,324



Industrial Collaborations
Overview

Ø Energy Harvesting:

• Foundacion Avina (Switzerland/Latin America), PERA Complexity (Sweden), University of Zurich
(Switzerland).

Ø Crypto Security

• Tyndall (UK), CUP Science (US, LA, California), University of St. Andrews (UK). 

Ø Photovoltaics

• Ningbo Sibranch International Trading Co.,LTD. (China). 


