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ABSTRACT: The study of resonant modes near material-dielectric interfaces is of fundamental importance to a
wide range of sciences and technologies. The first experimental potential offered by the surface resonant modes
has been to measure the optical properties of thin layers in a nanometric scale. Several applications have been
conducted to probe surface effects, detection of molecular fluorescence, bio-molecular sensors, and wave guides.

In the present work, we study resonant modes excited on a doped silicon-dielectric interface. For this
typical material, it is included the contribution of charge carrier concentrations, N in the range 3x10" -
5x10*°cm™. In this way, the interaction produced between matter and light is controlled differently than silver,
gold which are commonly used in plasmonic field. In Barnes work, it has been considered silver-ambient air
interface where resonant modes are excited in the visible spectrum and for which the metallic absorption being
much smaller than the dispersive, i.e., a low loss metal. In the following results, we were focused to describe
resonant modes associated to the contribution of two optical effects of the implied material excited in the
wavelength range A = 1-20 um. In this spectral range, the silicon admits similar optic features to those of the
metals cited above were the profile dielectric permittivity describes Debye’s transition, but it can be possible to
modify the excitation of collective modes in a reduced scale.

In this proposal, relatively to the p- and n-doping of the semiconductor surface, we can play on the
charge carriers’ concentration which modifies the optical properties via the conductivity. On the analysis of
surface plasmon-polariton modes (SPPs) on doped silicon, we report their propagation length versus the free
space wavelength. For example, the large propagation length denoted Ospp =263 um towards 20 um at high
concentration is connected to a complex permittivity, — 188 + i210. If we want to control the metallic character
on the doped silicon, it is important to give a limit concentration relative to the order of dspp as the contribution
of the imaginary part of the above permittivity is much small. In photonic field based on SPPs the propagation
length (as an example parameter) represents an upper limit on the size of the structures one can contemplate
using.

Through this short discussion we can conclude that charge carrier concentration play an important role
in modifying SPPs properties which are investigated in the aim to develop sub-wavelength optical components.
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Fig.1 : Real and imaginary parts of dielectric permittivity of doped silicon versus the wavelength, for different

conditions in charge carrier concentrations.
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Fig. 2:. Propagation length, dspp of surface resonant modes into doped-silicon at different conditions in charge
carrier concentrations N= 2x10%", 3 x10”", 4 x10 %, and 5 x10%° cm™. Note that in calculating these data we
have assumed that there is radiative damping.

38



MANIPULATING RESONANT MODES AT THE SUB-WAVELENGTH SCALE ON A SEMICONDUCTOR MATERIAL
BOUHAFS B. et al - Oral A3

References

[1] Kretschmann E, and Raether H, (1968), Naturforsch, 23a, 2135.

[2] E. F. Aust and all’’ Investigation of Polymer Thin Films Using Surface Plasmon
Modes and Optical Waveguide Modes’” Trends in Polymer Science-September 1994,
vol. 2, N°9, 313-323.

[3] Cheng-Ping Huang and Yong-Yuan Zhu’’ Manipulating Light at the
Subwavelength Scale’” Hindawi Publishing Corporation Active and Passive Electronic
Components, Volume 2007, Article ID 30946, 13pages.

[4] J. Homola and al’> Surface Plasmon resonance Sensors’’ Elsevier Sensors and
Actuators B 54 (1999), 3-15.

[5] W. Barnes’’ Surface Plasmon-polariton length scales’’ J. Opt. A: pure Applied opt.
8 (2006) S87-S93.

[6] Rashid Z and all’’ Geometries and materials for suwavelength surface Plasmon
modes’’ J. Opt. Soc. Am. A./Vol. 21, N°12 /Dec (2004)

39



	sommaire
	préambule
	comité scientifique
	comité d'organisation

