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Description
Nanophotonics has advanced remarkably, offering unprecedented 

control over light at the nanoscale through Surface Plasmon Polaritons 
(SPPs), which arise from the coupling of light with plasmons at metal-
dielectric interfaces, resulting in tightly confined electromagnetic 
fields with subwavelength dimensions, offering exciting opportunities 
for manipulating light and electron waves at the nanoscale.

Properties of SPPs
SPPs possess several unique properties that make them highly 

attractive for nanoscale wave propagation. One of their key 
characteristics is their ability to confine electromagnetic fields to 
subwavelength dimensions, well beyond the diffraction limit of light. 
This allows for highly localized and enhanced optical fields, making 
them ideal for applications such as nanoscale sensing, imaging and 
spectroscopy. SPPs can also exhibit strong coupling with quantum 
emitters, leading to novel quantum-optical phenomena and potential 
applications in quantum information processing.

Another significant property of SPPs is their ability to propagate 
along the metal-dielectric interface with low losses, leading to long 
propagation distances. This makes them suitable for wave guiding and 
interconnects applications at the nanoscale. Additionally, the 
dispersion of SPPs, which determines their wavelength and 
momentum, can be precisely tailored by adjusting the properties of the 
metal and dielectric materials, offering control over the propagation 
characteristics of SPPs.

Fabrication techniques for SPPs
Fabrication techniques play a vital role in realizing practical 

applications of SPPs. Various fabrication methods have been 
developed to engineer SPPs, including top-down and bottom-up 
approaches. Top-down methods, such as electron beam lithography, 
focused ion beam milling and nanoimprint lithography, allow for 
precise control over the shape, size and arrangement of metal 
nanostructures to originate SPP waveguides, resonators and other 
nanostructures. Bottom-up methods, such as self-assembly, chemical 
synthesis and template-assisted methods, offer scalability and 
versatility in fabricating metal nanostructures with desired properties 
for SPPs.

Advanced fabrication techniques, such as plasmon-enhanced 
lithography and three-dimensional nanoprinting, have also emerged, 
enabling more complex and versatile SPP nanostructures with 
enhanced functionalities. These fabrication techniques have opened up 
new possibilities for designing and tailoring SPPs for specific 
applications, leading to advancements in areas such as plasmonic 
circuits, metamaterials and nanoplasmonic devices.

Applications of SPPs
The unique properties of SPPs make them highly attractive for a 

wide range of applications at the nanoscale. One of the most 
promising areas of SPPs analyze nanophotonics, where SPPs are 
utilized for guiding, manipulating and enhancing light at the 
nanoscale. SPP waveguides and resonators offer subwavelength 
confinement and low-loss propagation for on-chip optical 
interconnects sensors and detectors. Plasmonic nanoantennas and 
nanostructures enable enhanced light-matter interactions, leading to 
applications in spectroscopy, imaging and sensing. SPPs have also 
been explored for nonlinear optics, enabling phenomena such as 
second-harmonic generation, four-wave mixing and optical parametric 
amplification with high field confinement and enhancement. These 
SPPs will also withheld active devices, such as plasmonic modulators, 
switches and light sources, offering new opportunities for on-chip 
photonics and optoelectronics.

SPPs hold great promise for the nanoscale propagation of light and 
electron waves, offering unique properties and functionalities for 
various applications. The field of SPPs is rapidly evolving, with 
continuous advancements in material science, fabrication techniques 
and theoretical understanding.
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