
Surface wave resonance
and optical sensing

Muhammad Faryad

Department of Physics, Lahore University of 
Management Sciences (LUMS), Lahore 

muhammad.faryad@lums.edu.pk

Abdus Salam International Center of Theoretical Physics, 2019

mailto:muhammad.faryad@lums.edu.pk


My research is focused on interaction of light 
with anisotropic, nonhomogeneous materials
• Nanostructured plasmonic solar cells

• Dyadic Green functions (Basic solutions of 
Maxwell equations in anisotropic mediums)

• Optics of one-dimensional photonic crystals

• Hyperbolic, zero-index, negative-phase velocity, 
metamaterials

• Surface plasmon-polariton waves guided by 
sculptured thin films

• Plasmonic optical sensor



Optics/Photonics outreach activities

• Optics School

• Optics lab being developed under HEC grant

• Outreach activities at primary/middle schools

• Active SPIE student chapter

• Seminars at ITU, Punjab University, Faisalabad Agriculture

• 4-days short course on plasmonics, 2014 (QAU)

• Nathiagalli invited speaker on plasmonics, 2014, 2015

• 4-days workshop on optics of anisotropic media (QAU), 2019



Outline

• Canonical boundary-value problem of surface wave propagation
• Dispersion equation

• Numerical examples

• Prism-coupled problem for excitation of surface waves
• SPP waves

• Dyakonov—Tamm waves

• Tamm waves

• Uller—Zenneck waves

• Optical sensing



Surface waves

are guided by 
an interface of two dissimilar materials



Surface plasmon-polariton (SPP) waves

Bound to an interface of a 
metal and a dielectric material

Sensitive to changes in 
constitutive properties near 

interface

Wavelength of surface wave is 
(usually*) shorter than in 

either of the bulk materials

Material 1

Material 2

Surface wave



Applications of SPP waves

Material 1

Material 2

Surface wave

Chemical sensors

Communication

Solar cells



Taxonomy of surface waves

• Surface plasmon-polariton (SPP) waves ---metal/dielectric interface

• Dyakonov waves ---anisotropic-dielectric/dielectric interface

• Tamm waves ---isotropic-dielectric/isotropic-dielectric interface with one 
material being  periodically nonhomogeneous 

• Dyakonov—Tamm waves ---anisotropic-dielectric/dielectric interface with 
anisotropic dielectric being periodically nonhomogeneous

• Uller—Zenneck waves---the interface of two homogeneous dielectric 
material materials with at least on being lossy



Surface waves

are electromagnetic waves that 

1. satisfy Maxwell equations in both materials,
2. satisfy boundary conditions at the interface, and
3. their fields must decay away from the interface



Surface plasmon-polariton (SPP) wave

Material A: dielectric

Material B: metal



Canonical boundary-value problem



A few numerical results
Canonical Boundary-Value Problem







Field profiles are in accordance with Floquet
theory





Prism-coupled configuration

Turbadar—Kretschmann—Raether Turbadar—Otto



A few examples
Prism-coupled configurations







Sharper reflectance dips for Tamm
waves offer more sensitive chemical 
sensors than SPP waves!

The replacement of the metallic 
film with the dielectric film means
less losses and higher feasibility 
for integration in optical circuits











Not all surface waves can be excited in 
the prism coupled configuration
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Uller—Zenneck surface waves 

Guided by the interface of two homogeneous dielectric materials!

The first type of surface wave investigated by Uller (1903) and Zenneck (1907)!
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Canonical problem shows the existence of Uller—
Zenneck surface waves

Silicon/air interface
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Observation of Uller—Zenneck surface waves with planar interfaces 
has been problematic

No prism is needed for its excitation as relative 
wavenumber is less than unity
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(left) Measured specular reflectance of two replicated samples
(right) Theoretical predictions from canonical problem

(a) Schematic, and (b,c) fabricated samples



Optical Sensing



The basic principle of 
sensing with surface wave is:

The change in the wavenumber of the surface wave due to small 
change in the refractive index of the partnering materials resulting in 

change in the excitation angle



Air

Water





Sensing with SPP waves Sensing with Dyakonov--Tamm waves



Sensing  using Dyakonov—Tamm waves
Configuration 1



Sensing  using Dyakonov—Tamm waves
Configuration 1



No nanoparticles

1% silver nanoparticles





The sensitivity increases because of the higher field enhancement 
when hyperbolic medium is used



Conclusions

• Periodically nonhomogeneous dielectric material can support a wide 
variety of surface electromagnetic waves

• Multiple SPP waves, Dyakonov—Tamm waves, and Tamm waves can 
be excited in the prism coupled configuration

• Sculptured thin films can be used to optically sense a fluid infiltrating 
it using surface waves to design highly sensitive and more reliable 
sensors
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