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VirtualLab Fusion Technology — Solvers and Functions

Layer Matrix [S-Matrix]

For the Stratified Medium Component



Abstract

The layer matrix solver works in the spatial
frequency domain (k domain). It consists of

1. an eigenmode solver for each homogeneous layer
and

2. an S-matrix for matching the boundary conditions at
all the interfaces.
The eigenmode solver computes the field
solution in the k domain for the homogeneous
medium in each layer. The S-matrix algorithm
calculates the response of the whole layer
system by matching the boundary conditions
in a recursive manner. It is well-known for its
unconditional numerical stability since, unlike
the traditional transfer matrix, it avoids the
exponentially growing functions in the
calculation steps.
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Solver Algorithm — Eigenmode Solver

* In the Fresnel matrix calculation, we deal with Maxwell's equa- + Here we use » = (z,y,2) and

tions for homogeneous isotropic media, as written below p = (z,y) as the 3D posi-
tion vector and its 2D projec-
V x E(r) =ikoH(r), tion onto the transversal plane

V x H(r) = —ikoeE(r) respectively.
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with constant permittivity e = €\9), for the layer with index ;.

» The eigenmode solution in the k domain can be found via
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with Wp = =7, We =n. + 52, Wp = n. + 3%, ne = 25, ny = 70, > 2

and n, = (e —n2 — nZ)l/Q, v = ikon,.




Solver Algorithm — S-Matrix

in total n layers under investigation
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Solver Algorithm — S-Matrix

At the surface with the index (), based on the boundary con-
ditions, it is not hard to write down the following relation

(i w ) (0 )= (mn wab ) (T h ) ()
W31 W e W3 W, 0 (@] c”

By applying the boundary conditions at each surface, a recur-
sive relation can be found to relate the field in front of and be-
hind the layered slab in the form below

n 0,n 0o,n 0
o\ _ [ sam sgn ) (o)
c sy s c™
There are different variations to derive the recursive relation. In  * Other recrusion variations will

VirtualLab Fusion, we follow the W—t—S variation, according ~ 2ecome avaliable in Virtuall.ab
to [1, 2] Fusion in future.




Usage in VirtualLab Fusion

 Take the Stratified Medium Component as an

example:

— the permittivity ¢© in front of the first
surface is determined by the preceding

optical setup;

— the permittivity ¢\9) for each layer, and
its thickness, t\9) are specified as a

coating;

— the permittivity (™) behind the surface
IS specified by a homogeneous isotropic

medium.

* The layer matrix is calculated for each spa-
tial frequency k contained in an arbitrary input
field which reaches the plane surface.

Edit Parameters of Coating
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Edit Stratified Media Component

thicknless ¢

Substrate

Coating
Layers

permittivity ¢V
|

Index\ Thickness Distance Medium l
Component Size 1 13578 nm 13878 om Titaniu:m_Dioxid’e’}TiO?-ThinQFilm irynoge =
Reference Surface (all { —4

Plans kksriace 2 35.77 nm 49649 nm | Silicon_Dioxide-SiO2-ThinFilm in Homogeneo

3 138.78 nm 188 43 nm | Titanium_Dioxide-TiO2-ThinFilm in Homogene

- 4 107.31 nm 295.74 Silicon_Dioxide-SiO2-ThinFilm in Homogeneo
Aperture
Coating

Name BBCoat01_510-710nm

-----------------------------------------------------------------

using a homogeneous medium to specify
the permittivity ¢ behind surface
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