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CONFINEMENT OF THZ WAVES
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Plasmonic Concepts -> Sub-A confinement at optical frequencies

Surface waves propagating at the interface between a
dielectric and a conductor.




DISPERSION RELATION

Surface waves at the interface
of metal and dielectric :




DISPERSION RELATION

v' Surface Plasmon Polariton
375 THz (A=450 nm)

v’ Zenneck waves
1 THz (A=300 um)
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PLANAR METALLIC WAVEGUIDE

v' Single conductor deposited on thin dielectric layer

- “H Field

v Extremey simple geometry adapted for complex integrated
schemes with high functionalities

v’ Physical mechanisms that bind the surface wave to the surface :
1/ Coupling between EM fields and the free electrons at the metal surface

2/ Interaction of the EM fields with the metal surface modified by the thin

dielectric layer.
D



Lea OUTLINE

¢ Study of planar metallic waveguides to achieve electric field
confinement

Planar metallic waveguides based on the coupling between EM fields and
free electrons at the metal surface (Simulation)

Planar metallic waveguides based on the interaction of the EM fields
with a metal surface modified by the thin dielectric layer (Simulation)

Planar metallic waveguides based on hybrid mode (Experiments)

¢ Study of the propagation regimes of planar metallic
waveguides



SINGLE AU STRIPE

1/ Coupling between EM fields and the free electrons at the metal

surface
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v Existence of only one mode at 1 THz : radial field distribution
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TRANVERSE SIZE OF METAL STRIPE
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INFLUENCE OF THE STRIPE SIZE
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A PERFECTLY CONDUCTING STRIPE

SUPPORTED BY A DIELECTRIC LAYER

2/ Interaction of the EM fields with the metal surface modified by
the thin dielectric layer
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v Existence of only one mode at 1 THz : : radial field distribution
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INFLUENCE OF THE STRIPE SIZE

neff A -> Field confinement #A




TRANSVERSE SIZE ROLE

2.2um ~ A /136
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D. Gacemi et al., Scientific Reports 3, 1369 (2013)




EXPERIMENTAL STUDY
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SURFACE MODE PROPERTIES

i

w=10um , t=200 nm, quartz substrate 250 um
D. Gacemi ef al. Optics Express 20, 8466 (2012)
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PROPAGATION CHARACTERISTICS

Amplitude (arbitrary units)
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INFLUENCE OF THE STRIPE WIDTH

200 pm 30 um
D. Gacemi et al. ‘
Scientific Reports 3
1369 (2013)
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DIELECTRIC LAYER PROPERTIES
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Dispersion coefficient of 0.28 ps/mm  Low losses (< 0.4 mm) up to 0.8 THz




DISTINCT PROPAGATION REGIMES

D. Gacemi et al. APL 191117
(2013)
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Loa  CONCLUSIONS

v' Size effects can be used as a simple formidable tool for high

electric field confinement at THz frequencies (smaller than
2/100).

v’ Au planar single conductor supported by thin layers of
dielectric show remarkable performances

v’ Further works :
to generalize this result into a unified theory (universality).
Develop Bends, Mach-Zender, Y-splitting
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DISPERSION RELATION
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