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Thin-film structures




Transfer matrix method (TMM)

« Analytical method

o For 1D structures N

« Computationally
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TMM for reflectivity calculations

. Flelds in layer I:
E; () = Ajexp {—ik (x — )} + Biexp {ik (x — 2;)}

o Obtain 2x2 matrix for each e
!
layer o (m

« Multiply matrices to get
system matrix

. Rand T are expressed as |
functions of M

Analytical solution




TMM for finding waveguide modes

o Additional conditions for derivative of electric
fleld are enforced

« From those conditions relation F(5) =0 is
obtained

« Zeros of F correspond to available modes Iin
structure

« In case of metals 3 is complex



TMM for finding waveguide modes
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TMM for estimating material
properties

« Possible to fit experimental data and estimate
system properties

« Implemented using Python and SciPy



properties

TMM for estimating material

Silver film Fitting structure properties
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TMM for calculating fields

H, (arbitrary units)
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Effective iIndex method

o Extension of TMM for

2D structures
Az

« Approximate solution
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Finite difference time domain

Arbitrary geometry

Time and spatial derivatives are approximated
using 1st order Taylor expansion:

dF (2)  f(z+0) = f(2)

dx o)

Leapfrog time stepping

Spatial discretization using regular grid:
staircase approximation
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FDTD package Meep

Open-source FDTD package from MIT
2D/3D simulations (regular grid)

Tools for Fourier transform
Drude-Lorentz model
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Simulation configuration

~ 100x1000 nm
50 nm metal layer
5 nm resolution

Simulation time Is
about 200 fs

PML

/S

air
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Reflectivity 7

Basic FDTD simulations

Silver film coated with dielectric (n=1.29) Theoretical and simulated SPR curve for silver film
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Extensions to FDTD

« Higher-order FDTD
» Unstructured grid

FDTD
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Conclusions

« TMM codes for analyzing 1D/2D structures
were developed

« FDTD simulations with Meep were investigated

o Future interest is to create codes for
unstructured grid FDTD
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Finite element method

« Unstructured grids
» Larger computational

COStS

« Used mostly for
frequency-domain
simulations

» Better accuracy due
to higher-order basis
functions
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