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DVD        CD 
размер штрихов       0.4        0.83

(микрон)
ширина дорожки      0.74        1.6
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1e =
22.5e = 200nm

TE and TM modes of planar waveguide
circles: Re{E(k)}        bars:  +/- Im{E(k)}

21.4e =

1e =21.4e =

ε = 2.52
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Quasi-guided modes in modulated waveguide
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Quasi-guided modes in modulated waveguide
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Optimized Design of Plasmonic MSM Photodetector
J. Hetterich, G. Bastian, N. A. Gippius, S. G. Tikhodeev, 
G. von Plessen, U. Lemmer



Optical resonances in photonic crystal slabs with 
hexagonal lattice of air holes
Photoluminescence enhancement of Ge nano-islands 
located in the photonic crystal slab
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Photoluminescence setups

Microphotoliminescence
setup (μPL)

Directional photoluminescence 
setup (DPL)

Ge nanoislands emission line

M. Stepikhova
IPM RAS

A. Novikov
IPM RAS
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Photoluminescence setups

Ge nanoislands emission line

M. Stepikhova
IPM RAS

A. Novikov
IPM RAS
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Вывод циркулярно-поляризованного света из 
волновода с использованием плазмонной решетки

Center for Engineering Physics 



Lattice with basis
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Lin, J., Mueller, J. B., Wang, Q., Yuan, G., Antoniou,
N., Yuan, X. C., & Capasso, F. (2013). Polarization-
controlled tunable directional coupling of surface
plasmon polaritons. Science, 340(6130), 331-334.

I.M. Fradkin, S.A. Dyakov, and N.A.
Gippius, Phys. Rev. B 102, 045432

https://journals.aps.org/prb/abstract/10.1103/PhysRevB.102.045432


Spectra of lattice with basis
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Theoretical consideration

Universal methods

FDTD FEM

Fourier modal method
(Rigorous coupled-wave analysis)

Discrete dipole approximation

too computationally expensive

too many diffraction orders should be taken into account

fast and efficient

exact solution

specialized for periodic structures Our aim is to combine two 
methods for a consideration of 

layered structures with 
inclusions of plasmonic lattices
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Scattering matrix calculation
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We solve the equations for several 
particles in unit cell.

And obtain generalized 
effective polarizability tensor



Spectra of plasmonic lattices
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I.M. Fradkin, S.A.
Dyakov, and N.A.
Gippius, Phys. Rev. B
99, 075310

https://journals.aps.org/prb/abstract/10.1103/PhysRevB.99.075310


Convergence

DDA enhanced FMM 
converges much faster 
than FMM with adaptive 
spatial resolution* and 
conventional FMM and 
provides very precise 
results

*FMM+ASR calculations are 
provided by prof. Thomas Weiss
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Resonances – two S-marix problem
extE

cavE

32



= 1.   Resonanance = 2*pi*n

Roundtrip phase 
of resonant mode
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Roundtrip phase of resonant mode
is smooth function of energy

Resonanance :  Phase = 2*pi*n

reflection: S-pol

reflection: P-pol
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reflection: S-pol

reflection: P-pol

Reflection near resonances
is well described
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Let’s try to linearize the phase 
in respect 
to energy 
and momentum

linearization 
point
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Dispersions of 
resonances near 
the linearization 
points are well 
described

linearization 
point

linearization 
point
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441 
S-matrices

4 
S-matrices

Reflection coefficients
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Вывод: 
Резонансное приближение для 
составных систем фотоники
позволяет эффективно описывать 
их оптические свойства  и 
значительно увеличивает 
скорость расчётов

Спасибо за внимание!
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