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Outline of the presentation

• Introduction and research context

• Basics of ellipsometry

• (Spectroscopic) Imaging ellipsometry (SEI)

• Applications to plasmonic nanocomposites

• Take-home message
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Measuring the thickness of a thin film using light …

Soap bubbles, Newton’s colors and
associated thickness

• R. Boyle (1627-1691) : Colors of soap bubbles
• I. Newton (1643-1727) : Interference rings
• E. Malus (1775-1812) : Polarized light (1810)



The early age of ellipsometry

P. Drude (1863-1906)

Additional phase difference
between 2 orthogonally
polarized beams upon
reflection on a sample



Spectroscopic ellipsometry (SE).

A set of non-destructive optical analysis techniques for surfaces, 
interfaces and multilayer materials, based on the variation of the state of 
polarization of light after reflection from the surface.

Ellipsometer is NOT a 
crystal globe …

You only merely get out what you
decided to put in ...



What do we really measure in ellipsometry ?

Basic principle : 

Reflection at the interface
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Ellipsometry is …

… a set of non destructive methods based on measuring the change in the state of
polarization of light after reflection at non-normal incidence on the surface to be
studied.

o The measurement gives 2 independent angles Y and D.
o This is an absolute measure: no benchmark required
o This is an indirect technique: it does not give direct access to the physical

parameters of the sample (thickness, indices, concentrations, etc.)
o It is always mandatory to use a model to describe the sample.

Some bibliometric information (23/9/2021) :
- Ellipsometry (130k) – SE (60k) – IE (2820) – SIE (185)
- MME (1300) – MMIE (44)



Film / substrate : multiple reflections and optical
contrat
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THIN ORGANIC LAYER ( 2 nm, n ~1.45) 
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𝑟23 ~ 0
Rp differs from r12 if the exponential
factor compensates the lack of optical
contrast

THICKNESS NEEDED



Thickness effects …

OPTICAL CONTRAST or THICKNESS 
requested !!!

No way to measure the differences
between very thin layer optical
response if the optical indices of the 
layers are close to each other



Roughness effects …

Microscopic roughness : 

Rough surface (with respect to the 
wavelength of the probing light)

Macroscopic roughness
(waviness) : 

a) Loss of intensity due to light
scattering

b) Effect dependding of the 
wavelength (more important in the 
UV/Blue region of the spectrum



Solution : Effective medium approximation 
(Bruggeman, Maxwell-Garnett, …)
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Yes but … Roughness caracterization needed …

J. Koh et al., Applied Physics Letters, 69, 
1297–1299 (1996).

Rougness of semiconductors samples :

Overestimation of the ‘ellipsometric’ roughness
with respect to the rms roughness as measured
by AFM

One step further : 

Complex link between rms roughness and 
correlation length of the surface



Correlation length effects …

Lcorr = 5 nm
Rrms = 10nm 

Lcorr = 1 nm
Rrms = 10nm 



Rayleigh-Rice theory (RRT) 

Fresnel’s coefficients for 
the smooth surface

Fresnel’s coefficients for the 
rough surface

Normalized PSD

Jensen et al (2017) DOI: 
10.1002/pssc.201700217



Stokes coefficients 



Polarization of light and Stokes coefficients



Polarization of light and Stokes coefficients



Light depolarization

Occurs more often 
than you expect …



What is (spectroscopic) imaging ellipsometry ?

• IE combines optical microscopy and 
ellipsometry for spatially resolved layer-
thickness and refractive index 
measurements of micro-structured thin-
films and substrates. 

• An Imaging Ellipsometer produces after 
optical modelling images of the measured 
quantities (maps) (thickness, refractive
index, composition) at a spatial resolution of 
1 µm/pixel  

(Graphene by CVD on silicon surface)



What does an IE ellipsometer look like ?



Spectroscopic means “Huge data cubes” 
Raw SIE data Local SIE data to be interpreted …

Number of data : N x W x H

N

W

H

A playground for hyperspectral 
analysis techniques and 
artificial intelligence



Making graphene visible … (Blake, 2007) 

• Graphene crystallites on 300 nm SiO2 imaged 
with white light (a), green light (b) and another 
graphene sample on 200 nm SiO2 imaged with 
white light (c). Image sizes are 25x25µm. 

• Top and bottom panels show the same flakes as 
in (a) and (c), respectively, but illuminated 
through various narrow bandpass filters with a 
bandwidth of '10 nm. 

• The flakes were chosen to contain areas of 
different thickness so that one can see changes 
in graphene’s visibility with increasing numbers 
of layers. 

• This proves that the contrast can also be used as 
a quantitative tool for defining the number of 
graphene layers on a given substrate.

Blake, P., K. S. Novoselov, A. H. Castro Neto, D. Jiang, R. Yang, 
T. J. Booth, A. K. Geim, et E. W. Hill. « Making Graphene 
Visible ». Applied Physics Letters 91, no 6 (6 août 2007): 
063124. https://doi.org/10.1063/1.2768624.

https://doi.org/10.1063/1.2768624


Oxidized graphene (GO) in Imaging ellipsometry (Jung, 
2008)

Before and after annealing (200°C, vacuum)







Figure 1. Imaging ellipsometry setup. (a) Scheme of the imaging 

ellipsometry setup. The polarizer-compensator-sample-analyzer

configuration for the reflected light is used. The sample is illuminated by 

collimated light. The additional lens system between sample

and analyzer allows imaging with micrometer resolution. The lateral 

resolution is only limited by the optical system on the detector side,

defined by the lens system and the CCD-camera. (b) The optional beam cutter 

alignment between light source and sample utilizing a knife

edge suppresses effectively signal from reflections stemming from the back 

side of the transparent substrates. The picture on the right

displays a large area view of the imaging ellipsometry contrast picture taken 

of a MoS2 flake on double-sided polished sapphire using

the beam cutter. In the dark region on top, the incoming light is blocked. In 

the middle area, reflections from the back side are selectively

blocked with a sharp image of the MoS2 flake and silicon alignment marker, 

while the lower part shows a blurred image of the MoS2 flake

that is a reflection from the flake on the back side of the substrate (scale bar 

denotes 50 μm).



What are the benefits of imaging ellipsometry ?

• Spatial resolution down to 1 µm, easily beating the resolution limits of conventional ellipsometers.
• A 2D map with more than 500000 points is created within a single measurement. Conventional 

ellipsometers need to scan and move the sample to measure an areal 2D map.
• The intrinsic Ellipsometric Contrast-enhanced Microscopy (ECM) allows for a very fast detection of 

film-thickness and refractive index variations without the need to run a full ellipsometric 
measurement.

• “First find, then measure”: Identify the relevant sample spots of interest prior to the ellipsometric 
measurement. 

• A Region-of-Interest concept (ROI concept) allows focusing the measurement and the data analysis 
on several selected features within the field of view.

• The spatial resolution is independent of the probing spot size. Hence, no tight beam focusing is 
required.



Plasmonic nanocomposite (PNC) materials

Model system : Au or Ag PVA filmsPNC 
= 

matrix 
+ 

Dispersed or in 
situ grown  
plasmonic 
material 



How to prepare them ?



UV-Vis optical response



Au-PVA films (fAu = 0.13%) in conventional SE

Au nanocomposite film (A : 358 nm thick , B : 441 nm) : No difference in modelling by Cauchy 
or MG-EMA)



Now spectroscopic imaging ellipsometry…
Enhanced Contrast image (653 nm) 

(A-B-C) and  (D-E-F) images of the Au-PVA films (AOI = 45). Each image corresponding to a different 
incident light wavelength: (A) and (D) = 533 nm, (B) and (E) = 660 nm, (C) and (F) = 920 nm. (Image 
size: 430 µm x 400 µm and color scale in (°))

2 ROIs



Local ellipsometric analysis over each ROI

Equivalent thickness
Different local gold fractions



Local refractive index  and gold fractions



From spectra to maps …

(A) Gold fraction (B) Error on gold fraction (C) Thickness of the layer



About the experimental technique :

• Spectroscopic Imaging ellipsometry : provides 
much more information than conventional SE but 
generates huge data sets

• Interesting for LOCAL optical properties 
(spectroscopic or not)

• Model-free Enhanced Contrast mode : “first find 
and then measure” and “regions-of-interests” 
concepts

• Can be extended to Mueller Matrix approach

© Copyright Showeet.com



About the plasmonic nanocomposites :

• Not suitable for conventional SE at low metal 
fraction (limit at 1%)

• LOCAL optical properties and thickness obtained 
from ECM et SEI measurements

• Inhomogeneous growth of the gold NPs
• Local gold fraction measured with a limit of 

detection close to 0.1%

© Copyright Showeet.com



Thank you for your attention
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