%ﬁﬂﬂﬁgﬁ Onling

From The Editor | December 11, 2024

Quantum'’s Next Leap: Computing With Ultra-Thin Materials

¥ By John Oncea, Editor
Researchers used very thin materials to produce entangled

pairs of photons that can be used as quantum bits for computing.

Researchers at Singapore’s Nanyang Technological University (NTU) have utilized

ultra-thin materials to generate entangled photon pairs, a discovery that could

make quantum computing more compact. According to NTU, this could potentially
shrink quantum computing components by up to 1,000 times, paving the way for
more cost-effective and scalable quantum systems.

The study, led by Professor Gao Weibo, represents a significant leap forward in the

integration of quantum technology into practical applications.

The NTU team employed niobium oxide dichloride (NbOCIlz2), a crystalline material with unique optical properties, to produce entangled
photon pairs. By stacking two ultra-thin flakes of this material — each just 1.2 micrometers thick — they successfully generated entangled
photons without requiring additional syncronization equipment.

This approach, writes Cosmico, drastically reduces the size and complexity of quantum systems compared to traditional methods that rely
on bulky millimeter-thick crystals and extensive optical setups.

Entangled photons are essential for quantum computing as they serve as quantum bits (qubits). Unlike classical bits, qubits can exist in
multiple states simultaneously (“on” and “off”), enabling quantum computers to perform complex calculations exponentially faster than
conventional systems. However, producing entangled photons efficiently has been a long-standing challenge due to the size and
complexity of traditional setups.

Key Innovations In The NTU Approach
The NTU researchers introduced several innovations that make their method a game changer:

¢ Van der Waals Stacking: By aligning two NbOClI2 flakes perpendicularly, the team achieved polarization entanglement — a
critical requirement for quantum computing. According to Quantum Insider, this stacking method ensures high fidelity (86%) in the

entangled photon pairs while eliminating the need for bulky syncronization equipment.

¢ Minimal Photon Travel Distance: The ultra-thin materials reduce the distance photons travel within the crystal, keeping them
syncronized and maintaining their entangled state without external intervention.

¢ Room Temperature Operation: Unlike electron-based qubits that require ultra-low temperatures, photon-based qubits operate

at room temperature, making them more practical for widespread use.
These advancements collectively simplify quantum photonic systems and make them more suitable for integration into microchips.

Historically, thinner materials have struggled to produce sufficient numbers of photons for practical use in quantum computing.
However, the NTU team overcame this limitation through their innovative stacking technique. Future research aims to further enhance
photon production rates by introducing surface patterning or coupling with resonant nanostructures.

Implications For Quantum Computing

The NTU discovery holds transformative potential across various domains, starting with the possibility of compacting quantum systems.
By reducing component sizes by up to 1,000 times, this innovation brings us closer to integrating quantum computing into portable
devices and chip-based platforms.

Additional benefits of eliminating bulky optical equipment and operating at room temperature significantly are lower production costs, as
well as easier mass production and adoption of quantum technologies across industries like secure communications, Big Data processing,
and medical research due to simplified setup.

The compactness and efficiency of this new method could revolutionize industries that rely on advanced computational power including
climate science as quantum computers could model complex climate systems more accurately. Other industries that could see benefits
are:

¢ Pharmaceuticals: Faster computations could accelerate drug discovery by identifying molecular patterns in large datasets.



¢ Secure Communications: Entangled photons enable unbreakable encryption protocols through quantum key distribution.

Future Directions

The NTU study marks a pivotal moment in the evolution of quantum computing. By leveraging ultra-thin materials like niobium oxide
dichloride to produce entangled photon pairs efficiently, researchers have taken a significant step toward making quantum technologies

smaller, more accessible, and cost-effective.

And the NTU team plans to refine their technique further by exploring new materials and configurations to maximize photon production
rates and fidelity. They aim to integrate these advances into scalable quantum photonic systems that can be directly embedded into

microchips.

This breakthrough not only addresses long-standing challenges but also sets the stage for transformative applications across diverse
fields. As these innovations mature, they promise to unlock unprecedented computational capabilities that could redefine industries and

solve some of humanity's most complex problems.
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