
Figure 1. Illustration of 3-D hemi-ellipsoid as a tip apex illuminated with an incident 
plane wave for near field scanning microscopy. 

Computational Methods:
 Solving Maxwell’s equations with COMSOL RF module

 Dielectric constant of Au at optical and THz regimes

Antenna and Plasmonic Properties of Scanning Probe Tips at 
Optical and Terahertz Regimes
              A. Haidary, Y. Miyahara, P. Grütter         

                  Physics Department, McGill University, Montreal, QC, Canada

Introduction: Electric field enhancement at the end of a sharp
tip is of crucial importance for near field scanning microscopy at
optical and THz regimes as well as tip enhanced Raman
scattering[1]. Thus, achieving and controlling this electric field
enhancement is a key challenge for a wide range of applications.

Results:

Conclusions:
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Figure 3. Dependence of field enhancement on the Au tip apex radius without substrate
and with a glass substrate at a) optical and b)THz regimes with the tip-sample distance of 5 nm.
Dependence of field enhancement on the height of the tip with the cylinder shaft added (L) at
optical (c) and THz (d) regimes.
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 Illuminating the model with λ௢௣௧ = 630 nm and λ்ு௭ = 0.3 mm

 User-controlled mesh with minimum
   mesh element of 10 nm

 Boundary conditions
Perfectly matched layer 
Boundary layers to resolve skin depth
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 Plasmon resonance when
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 The field enhancement is less than 10 due to dephasing
effects when the Au tip is larger than approximately 0.4 λ at 
optical regime

Analytical theory for full ellipsoid [3] :
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 For Au complete ellipsoid illuminated by λ= 630 nm, plasmon 
resonance can be obtained when  r	≈ 		3 − 3.5

 For Au hemi-ellipsoid illuminated by λ= 630 nm, plasmon 
resonance can be obtained when r	≈ 	2

 Antenna effect has strong geometrical dependence

 Non-linear and almost linear dependence of electric field 
enhancement on the Au tip apex radius at optical and THz 
regimes respectively 

 Both plasmonic and antenna effects are included
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COMSOL Multiphysics simulation for Au hemi-ellipsoid:
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 At THz regime, the antenna effect is dominant leading to an 
extremely high field enhancement 
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Figure 2. a) 3-D hemi-ellipsoid Au tip compressed in xz plane. b) Au 3-D cylinder 
shaft  (blue ) is added to 3-D Au hemi-ellipsoid.
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 COMSOL simulation agrees with the analytical results
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Excerpt from the Proceedings of the 2014 COMSOL Conference in Boston




