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Plasmonics, the study of light interacting with free electrons on metal surfaces, has become
an essential tool for advancing quantum technologies. By exploiting the unique properties of
plasmonic materials, typically metals such as gold, silver, and copper, researchers have opened
new avenues for improving the sensitivity, precision, and capabilities of quantum systems. In
particular, the combination of plasmonics with quantum technologies at the nanoscale is
creating powerful opportunities for innovation in areas such as quantum sensing, quantum
computing, and quantum communication. I

In this blog, we’ll explore how plasmonic interactions at the nanoscale are being harnessed to
enhance various quantum technologies, discuss the underlying mechanisms, and look at the
emerging applications that are driving research in the field.

Plasmonics arises from the interaction of light with the free electrons on metal surfaces. When
light hits a metal surface, it can cause the electrons to oscillate collectively, leading to the
formation of surface plasmon polaritons (SPPs) or localized surface plasmons (LSPs). These
collective electron oscillations lead to enhanced light-matter interactions, allowing for greater
manipulation of light at the nanoscale. 2

The primary feature of plasmonic systems is their ability to concentrate electromagnetic fields
in very small volumes, much smaller than the wavelength of light. This allows plasmonic
materials to significantly amplify weak signals, making them ideal for applications requiring
high sensitivity and precision.

Quantum technologies rely on the principles of quantum mechanics such as superposition,
entanglement, and quantum interference to perform tasks that are impossible for classical
technologies.B! Quantum systems, like quantum sensors and quantum computers, have the
potential to exceed the limits of classical devices in areas like measurement precision, data
storage, and processing speed. (4l

When integrated with plasmonic materials, quantum systems can benefit from enhanced
electromagnetic interactions and localised field enhancements, which are crucial for
developing ultra-sensitive quantum sensors, more efficient quantum computers, and secure
quantum communication systems.!

One of the most exciting applications of plasmonics in quantum technologies is in quantum
sensing. Quantum sensors can achieve unprecedented precision and sensitivity by exploiting
guantum properties like superposition and entanglement. When coupled with plasmonic
materials, quantum sensors can detect extremely small changes in physical quantities such as
magnetic fields, temperature, and pressure.[®
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Localized Surface Plasmon Resonance (LSPR): At the nanoscale, plasmonic
nanoparticles (such as gold or silver) exhibit LSPR, where incident light excites electron
oscillations on the metal’s surface. This leads to an enhancement of the
electromagnetic field near the particle, which can amplify the response of quantum
sensors to changes in the environment.Z!

Nanostructured Surfaces: By using plasmonic nanostructures, like nanorods or
nanoholes, we can extend the sensing area and amplify weak signals even further. This
allows for real-time monitoring of nanoscale processes and more precise
measurements in challenging environments. &

Enhanced Sensitivity: Plasmonic quantum sensors are capable of detecting small
perturbations in physical properties with extreme accuracy. For instance, plasmonic
sensors can detect changes in temperature or pressure at the nanoscale with far
greater sensitivity than conventional sensors, making them invaluable for quantum
metrology.!

Chemical and Biological Sensing: Plasmonic quantum sensors are revolutionizing both
biosensing and chemical sensing by detecting minute concentrations of biomolecules,
pathogens, or toxins through shifts in plasmonic resonance. In medical diagnostics,
they can identify disease biomarkers at much lower concentrations than traditional
methods, while in environmental monitoring, they enable the early detection of
pollutants at incredibly low levels.[9]

Quantum Metrology: Plasmonic quantum sensors are essential in quantum
metrology, enabling super-sensitive measurements of physical quantities like magnetic
fields, temperature, and pressure beyond classical limits. By enhancing sensitivity
through plasmonic effects, these sensors allow for precise measurements of
fundamental physical constants and phenomena. Quantum magnetometers based on
plasmonic sensors can detect magnetic field variations with nanotesla or even
picotesla sensitivity, making them invaluable in fields like fundamental physics
research, material science, and medical imaging.:!!

Quantum Computing and Communication: Plasmonic interactions are transforming
guantum computing and quantum communication. By stabilizing qubit coherence
through enhanced control over electromagnetic fields, plasmonic materials improve
quantum computer performance. In quantum communication, plasmonic sensors
boost quantum key distribution (QKD) systems, enabling secure data transmission and
detecting eavesdropping, which could revolutionize data encryption and
cybersecurity.22

Super-Resolution Imaging: The integration of plasmonics and quantum mechanics is
enabling super-resolution imaging, allowing researchers to visualize nanoscale
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structures and processes that were previously undetectable. This breakthrough is
transforming cell biology and material science, offering detailed insights into individual
molecules, cells, and nanomaterials with unprecedented clarity.3!
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While plasmonics for quantum technologies is a rapidly evolving field, there are still several
challenges that need to be addressed to fully realize its potential. 14!

1. Material Losses and Decoherence: Plasmonic materials, particularly metals, suffer
from energy losses due to resistive heating and surface imperfections. These losses
can cause decoherence in quantum systems, which may limit the performance of
plasmonic quantum sensors.

2. Scalability: Scaling up the fabrication of high-quality plasmonic nanostructures for use
in large-scale quantum systems remains a challenge. The integration of these materials
with quantum technologies in a way that ensures both functionality and cost-
effectiveness is crucial for practical applications.

3. Quantum-Optical Interface: Efficiently coupling quantum systems (such as qubits or
single atoms) with plasmonic structures while maintaining quantum coherence is a
critical area of ongoing research. This involves addressing the fundamental challenges
of quantum-optical interaction.

The fabrication of plasmonic materials for quantum applications is commonly achieved
through advanced deposition techniques like Molecular Beam Epitaxy (MBE) and Physical
Vapor Deposition (PVD). MBE provides precise control over the thickness and composition of
thin films, ensuring that plasmonic materials exhibit the desired optical and electrical
properties at the quantum level. PVD, which involves vaporizing a material and depositing it
onto a substrate, is widely used to create high-quality thin films and nanostructures for
plasmonic devices. Both methods are crucial for creating the precise structures required for
high-performance plasmonic and quantum sensing technologies.!*2!

At Nikalyte, we specialize in the fabrication of high-quality plasmonic materials using our
cutting-edge hybrid deposition systems, which include Hybrid MBE Source and a variety
of PVD instruments such as the Mini E-Beam Evaporator, Nanoparticle Deposition
Source , Sputter Sources, Co-Sputtering Source , RF Atom Source , Thermal Boat Source, and
Thermal Gas Cracker. These advanced instruments enable the precise engineering of materials
tailored for the most demanding quantum applications. We offer state-of-the-
art PVD equipment for thin-film deposition, designed to achieve the highest levels of control
and precision in material fabrication.

Harnessing plasmonic interactions at the nanoscale holds immense promise for advancing
guantum technologies. By combining the amplified electromagnetic fields from plasmonic
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materials with the precision of quantum sensing, we can achieve ground-breaking advances
in fields ranging from quantum computing to medical diagnostics. As we continue to improve
our understanding of how plasmonics interacts with quantum systems, the future of quantum
technologies looks brighter than ever.

The integration of plasmonic effects with quantum technologies is not just a theoretical
pursuit it’s a pathway to a new era of high-precision measurement, secure communication,
and next-generation computing. With continued research and innovation, we are poised to
see plasmonic quantum sensors play a pivotal role in shaping the future of science and
technology.

Contact us to speak with a technical expert about fabricating high-quality plasmonic materials
using our advanced hybrid deposition systems.
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