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The goal of this tutorial is to explain ellipsometry is to get an
Intuitive understanding of Mueller matrix ellipsometry
without exiting the Stokes -Mueller formalism

In this presentation:
NO JONES MATRICES

NO PSI DELTA

NO COMPLEX NUMBERS
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1. Introduction. MM types
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Introduction. MM types

Mueller matrices
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Introduction. MM types

In Mueller matrix ellipsometry involving samples, we almost always choose our coordinate system such that:
A a x i sp divection

A axis Y s direction (for ellipsometers where the sample sits horizontally, this may seem
counterintuitive!)

p-polarization

s-polarization angle of

incidence

plane of r——————
incidence —~— N —
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Introduction. MM types

E.g. at Brewster angle

Unpolarized light Completely polarized

Brewster’s angle condition
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Partially polarized ® S polarized light,
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Introduction. MM types

3 types of elemental Mueller matrices

Anisotropy in s/p
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Introduction. MM types

3 types of elemental Mueller matrices

Anisotropy in 45/-45

If there is no depolarization m)ZZ + nllz +IT132 E

+45 and -45
polarizations are
eigenpolarizations of
the Mueller matrix

e e envd [N e &

S,

Oriol Arteaga 13th Workshop on Spectroscopic Ellipsometry



Introduction. MM types

3 types of elemental Mueller matrices
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Introduction. MM types

3 types of elemental Mueller matrices

The specular reflection e 1 m; O 0 e 1 -N 0 O
ellipsometric geometry € .1 0 o0 g. N 1 0 O
leads to MMs that € DE— 0 0 C S
usually have this form g O 0 m, my g
(or close to this) a 0 0 m, m, a0 0O -S C
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Introduction. MM types
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Introduction. MM types

Si0O2 on Si
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2. MM symmetries
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MM Symmetries

Ellipsometry MMs are not always block-diagonal

el -N 0 O

N 1 0O O Block-diagonal=> ISOTROPIC (may be depolarizing or non-depolarizing)

e

€0 0O C S Non-block-diagonal=> ANISOTROPIC (may be depolarizing or non-depolarizing)
e

&0 0 -S C

Caution ! Isotropic materials can lead to a substantially nonsymmetric Mueller matrix if the sample
is poorly aligned .

: Sample misaligned
I with respect to the
/ / . / plane of incidence
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MM Symmetries

These elements are small (e.g.<0.2)
even for materials with large ansisotropy
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MM Symmetries

No crosspolarization (preservation of Uniaxial
eigenpolarizations)

In the isotropic case and some anisotropy situations of

high symmetry. /

el my, 0 0 |
e Biaxial (orthorombic)

M, = dy 1 0 0
g O 0 m, my,
e 0 0 - m,; M,

4 |
This symmetry appears whenever the Arrows are Principal axes (P.A)

sample coincides with its own mirror
Image with respect to the incidence plane

(i.e. the sample is mirror-symmetric with
respect to this plane) 7

Arrow is P. A.

Biaxial (monoclinic)
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MM Symmetries

Uniaxial

Anti -symmetric crosspolarization

e 1l My My My
My My m,  m
2’ My, m, my, M
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A 180Arotation of the sample about its /
normal brings it in its initial position

Arrows are Principal axes (P.A)

Biaxial (monoclinic) W

y

Arrow is P. A. |
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MM Symmetries

Symmetric crosspolarization Uniaxial

B I
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The sample is mirror-symmetric with
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MM Symmetries

A When the angle of
| - incidence approaches zero
>y this is the most general
- possible symmetry
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MM Symmetries

Example: Anthracene crystal (monoclinic) O O O
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MM Symmetries

Example Anthracene (monoclinic) =
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MM Symmetries

Example Antracene (monoclinic) -
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3. Depolarization
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Depolarization

Depolarization is the reduction of the degree of polarization of light. Typically occurs when the emerging light is
composed of several incoherent contributions.
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Depolarization

Thickness non uniformity Angular spread Backside reflections

* Images fromJ. AWoollamtutorial

Parasitic light contamination
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Depolarization

|l n ani sotropic systems, depolarization wil/l Ausual ly

A Can be nordep.
A Can be depolarizing

A Can be nordep.

. A non-symmetric matrix
A Can be depolarizing y

A symmetric matrix

é,l m, m, M, @"noo My My Mo Depolarization index

gy M M m =@ M Mo My s

gm) m, m, Mo M My Myl oy = b
emy; My - My My gy, My My, Mgy - ﬁmoo
O¢DIc¢c1

Symmetric situations have the advantage that even depolarizing samples can be studied without full MM systems
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Depolarization

Example general case
6H-SIC wafer (uniaxial)

Depolarization

H. Li, et al. Journal of Applied Physics, 128(23),

235304. (2020) No symmetries if the OA is not parallel/perpendicular to the plane of incidence /sample plane
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