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Motivation Picture Tour

Some Pretty Pictures
Anti-Reflective Coating

Source: Wikipedia
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The Physical Model Overview

Layered Structure

An optical interference filter is layered.

medium | 1 | 2 g | substrate

light
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The Physical Model Overview

Layered Structure

An optical interference filter is layered.

medium | 1 | 2 g | substrate

light

e Each layer corresponds to a matrix in SL(2, C).
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The Physical Model Overview

Layered Structure

An optical interference filter is layered.

medium | 1 | 2 g | substrate

light

e Each layer corresponds to a matrix in SL(2, C).

o The whole stack is characterised by the product of these
matrices.
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The Physical Model Overview

Design an optimal one-layer anti-reflective filter.
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The Physical Model = Overview

Design an optimal one-layer anti-reflective filter.

Assumptions

o The electromagnetic parameters (the conductivity o, the
permittivity € and the permeability ), and the layer thickness
d are constant within each layer.
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The Physical Model = Overview

Design an optimal one-layer anti-reflective filter.

Assumptions

o The electromagnetic parameters (the conductivity o, the
permittivity € and the permeability ), and the layer thickness
d are constant within each layer.

o The light propagates in the x-direction only (1D),
perpendicularly to the filter layer interfaces.

A\
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The Physical Model = Overview

Design an optimal one-layer anti-reflective filter.

Assumptions

o The electromagnetic parameters (the conductivity o, the
permittivity € and the permeability ), and the layer thickness
d are constant within each layer.

o The light propagates in the x-direction only (1D),
perpendicularly to the filter layer interfaces.

@ The light is monochromatic.

\

Hékon Marthinsen Optimisation on Lie Groups Applied to Optical Interference Filters



The Physical Model Derivation of the Model Equation

Derivation of the Electromagnetic Wave Equation

We start from Maxwell’s equations

oD
VxH=J+—,
ot
VxE 0B
xE=——,
ot
V-D=p,
V-B=0,

together with the relations

J=0E,
D =€E =¢q¢,E,
B =uH = popH.
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The Physical Model Derivation of the Model Equation

Derivation of the Electromagnetic Wave Equation

We eliminate J, B and D,

OE
VxH=0E+e—,
ot
VxE OH
xE=—-—Uu——-.
Hae

Hékon Marthinsen Optimisation on Lie Groups Applied to Optical Interference Filters



The Physical Model Derivation of the Model Equation

Derivation of the Electromagnetic Wave Equation

We eliminate J, B and D,

OE
VxH=0E+e—,
ot

O0H

VXE:—/JE.

This gives us (under the previous assumptions)

o
a2’

5 oH  0°H
-Vx(VxH)=V H:U[JE‘FQUW.

2 OE
-Vx(VxE)=V EZO’#E+€/J
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The Physical Model Derivation of the Model Equation

Sinusoidal Wave Solution

Hyz

E= E?:gei“’(""“’)?, H= HE:eriw(t—x/v)»z\
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The Physical Model = Derivation of the Model Equation

Sinusoidal Wave Solution

Hyz

E= E?:geiw("x’”’?, H= sz\:%eiw(t—x/v)»z\

Sinusoidal solution if

— = euw’ —iouw
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The Physical Model Derivation of the Model Equation

Sinusoidal Wave Solution

In vacuum, 0 =0, € = €9, 4 = 4o and v = c. We then get

2-_1

€olo

Optimisation on Lie Groups Applied to Optical Interference Filters



The Physical Model = Derivation of the Model Equation

Sinusoidal Wave Solution

In vacuum, o =0, € = €9, it = o and v = c. We then get

Complex Refractive Index

def C

NEn—ik& =
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The Physical Model = Derivation of the Model Equation

Sinusoidal Wave Solution

In vacuum, o =0, € = €9, it = o and v = c. We then get

Complex Refractive Index

def ., def C
NEn-iks =
1%

Combine with dispersion relation and get

ou
2 . r
N =€, -1 .

€ow

Hékon Marthinsen

Optimisation on Lie Groups Applied to Optical Interference Filters



The Physical Model = Deriva of the Model Equation

Sinusoidal Wave Solution

In vacuum, o =0, € = €9, it = o and v = c. We then get

Complex Refractive Index

def ., def C
NEn-iks =
1%

Combine with dispersion relation and get

ou

2 . r

N =€, -1 .
€ow

Letting Ao Eonclw,
E H

T ei(wt—(ZnN//lo)x) — e—(an//’lo)xei(wt—(27m//10)x)
& S
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The Physical Model Derivation of the Model Equation

Relationship Between the Electric and Magnetic Fields ®

VxH= 0’E+€%’ E= Ef’:geiw(t_ﬂw?, HIHEIeriw(t_X/V)i
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The Physical Model Derivation of the Model Equation

Relationship Between the Electric and Magnetic Fields e

VxH=0E+ e%, E=Ey=6e“""Yy, H=Hz=70e""""z

0H
—a? = (0 +iew) Ey

) _wN?%
i—H=1i E
v Ly
N
H=_F
cp
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The Physical Model = Derivation of the Model Equation

Relationship Between the Electric and Magnetic Fields e

OE . :
VxH=0B+eo, E=Fy= gy H=Hz= 06"z

0H
—a? = (0 +iew) Ey

) _wN?%
i—H=1i E
v Ly
N
H=_F
cp

Characteristic Optical Admittance
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The Physical Model Derivation of the Model Equation

What Happens at an Interface?

incident transmitted

reflected z

E,=E+E, H =H-H,.
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The Physical Model Derivation of the Model Equation

Interference

medium, y;, layer, y substrate, y;
Ep, Hy, E{, Hy
Em» Hm > ES’ HS
B Hy, By, Hy ”
- d -~
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Derivation of the Model Equation

The Physical Model

Interference
medium, y;, layer, y substrate, y;
Ep, Hy, E{, Hy
Em» Hm > ES’ HS

B Hy, By, Hy ”

- d -
def 2nNd
"

EL=E'e’ E =Ee™.
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The Physical Model Derivation of the Model Equation

Interference

medium, y;, layer, y substrate, y;
Ep, Hy, E{, Hy
Em» Hm _ _ _ :_ ES’ HS
gm’ Hm Es ) Hs -
- d -
5(1_ef 2nNd
Ao
EL=E'e’ E =Ee™.
Epn] [ cosé  (isind)/y]| [ Es
Hp,|  |iysiné cosd H;
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The Physical Model Derivation of the Model Equation

Generalisation to g Layers

= (10

r=1

cosd, (isind,)/y |\ [ Es
iy,sind cosdy H;
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The Physical Model = Derivation of the Model Equation

Generalisation to g Layers

= (10

r=1

cosd, (isind,)/y |\ [ Es
iy,sind cosdy H;

Normalised Version

B aet [ Em/E)| _ lﬂ[
C| ~ [HnlEs] 5

cosoy (isin6,)/yr) 1
iy, siné, cosdy Vs
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Model Derivation of the Model Equation

Generalisation to g Layers

= (10

r=1

cosd, (isind,)/y |\ [ Es
iy,sind cosdy H;

Normalised Version

B aet [ Em/E)| _ lﬂl
C| ~ [HnlEs] 5

Reflectance

cosoy (isin6,)/yr) 1
iy, siné, cosdy Vs
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Optimisation Parametrisation

Parametrisation

R: SL(2,C) —R
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Optimisation Parametrisation

Parametrisation

R: SL(2,C) —R

Parametrisation in the Lie algebra s[(2, C) which consists of
trace-free matrices.

Basis of s[(2,C)

1 0 0 1 0 0
I O )
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Optimisation Parametrisation

Parametrisation

Suppose V € 5((2,C) and A is an eigenvalue of V. Then

inh A
e” =Icosh+ V% e SL(2,0).
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Parametrisation

Parametrisation

Suppose V € 5((2,C) and A is an eigenvalue of V. Then

sinh A

eV =Icoshd+V e SL(2,0).

All physically realisable matrices in s[(2, C) are matrices of the form

_ 0 1/y

= A[y 0 ]
or by using the basis,

=——E2—AyE3.
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Optimisation Parametrisation

Parametrisation

T exp R

¢
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Optimisation Parametrisation

Parametrisation

T exp R
¢ //

BFGS-minimisation of
¢ = Roexpor.
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Future Work

Future Work

e Multiple layers
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Future Work

Future Work

e Multiple layers

o Consider the whole spectrum
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Future Work

Future Work

e Multiple layers
o Consider the whole spectrum

e Continuously varying parameters
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Future Work

Future Work

e Multiple layers
o Consider the whole spectrum
e Continuously varying parameters

@ Other optimisation algorithms
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Appendix Further Reading

Further Reading

¥ H. Angus Macleod.
Thin-Film Optical Filters, 3rd ed.
Institute of Physics Publishing, 2001.

[§ Stéphane Larouche and Ludvik Martinu.
OpencFilters: Open-Source Software for the Design,
Optimization, and Synthesis of Optical Filters.
Applied Optics 47, 219-230, 2008.
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