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Ellipsometry Phenomenon

/ Ellipsometry measures the change of polarization of an incident beam caused by a sample
for determining surface layers.

Rp/R.= tan (¥) ei4 ©
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(In Situ Spectroscopic Ellipsometry measures a sample "in )

position” as conditions are varied. It is also common to use in
situ measurements to characterize optical constants during
\_different process conditions.

J
(With in situ capability, the sample can be characterized: A
Prior to Film Deposition for Accurate Substrate
AR | Characterization
In Real-time for Thickness and Optical Constants
Monitoring
\ Before exposure to Air/Oxidation )

(The CompleteEASE software includes built-in models )
covering a wide range of typical samples that conveniently
SO : : describe how to process the data to determine thin film
properties. Real-time data acquisition is also possible to
CompleteEASE User Interface \monitor and control the processes under investigation. )
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Features of the conventional setup:

Monitoring of the thickness of adsorbed layers

Kinetics of adsorption

Optical Constants (n,k)

Surface Quality before and after processing

Process Conditions that affect optical constants

Material Properties that have an effect on optical constants

Total Internal Reflection Ellipsometry (TIRE) is a combination
of internal reflection and ellipsometry. In the Kretschmann-
Raether prism geometry, the prism is mounted on a flow cell
for measurements in liquids. The surface in contact with the
liquid is a thin metal film evaporated on a glass slide, which
E— #| is in optical contact with the prism by an index matching
Kretschmann-Raether Flow cell liquid. [6]
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JCMWAVE ) @
JCMsuite is a software package with a focus on fast and highly accurate electromagnetic
simulations for finite element analysis.[Vl It is based on the following modules:

JCMGeo
Finite Element mesh generatorl

JCMSolve

|Simu|ation engine

JCMView
Na? | Mesh & computed fields viewerI

(

JCM Modelled Kretschmann-
Raether Configuration JCMControl

| User Interface
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CONVENTIONAL Cl]ﬂFIGlIHFITIUﬂ

For our experiment, d = 40 nm Au on glass in reflection setup, i.e. air/Au-grating/glass, is modelled

using JCMsuite. The parameters used are as follows:

Angle of Incidence (AOI) = 60°, Period = 300 nm, Unit cell = 300 nm x 300 nm, Critical Dimension (CD):
. Au line width.

400 500 600 700 400 500 600 700
Wavelength (nm) Wavelength (nm)

Optical configuration Psi results obtained Delta results obtained
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KRETSCHMANN-RAETHER CONFIGUR

For our experiment, d = 40 nm Au on glass in Kretschmann-Raether setup, i.e. gIass/Au—grating/waterT\'

is modelled using JCMsuite. The parameters used are as follows:

Angle of Incidence (AQI) = 75°, Period = 300 nm, Unit cell = 300 nm x 300 nm, Critical Dimension (CD):
\Au line width.

400 500 600 700 800 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

Optical configuration Psi results obtained Delta results obtained
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KRETSCHMANN-RAETHER CONFIGUR

- =
For our experiment, d = 40 nm Au on glass in Kretschmann-Raether setup, i.e. glass/Au-grating/water,
is modelled using JCMsuite. The parameters used are as follows:

Angle of Incidence (AOI) = 75°, Period = 300 nm, Unit cell = 300 nm x 300 nm, Critical Dimension (CD):
Au line width.

Psi (deg) Delta (deg)

0
60.0 62,5 65.0 675 70.0 725 750 775 80.0 60.0 625 65.0 675 70.0 725 750 775 B80.0
Angle of incidence (deg) Angle of incidence (deg)

Optical configuration Psi results obtained Delta results obtained
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| 1 | OATBESZEND | Research Report VI, r. Recskiné Dr. Borsa Judit llona - B
| 2 | DATKUTPEND | Research Project VI. Dr. Recskiné Dr. Borsa Judit llona B

Reviewing the related literature of ellipsometry and finite modelling for my future publications and progress.

| was also involved in investigations combining spectroscopic ellipsometry with cyclic voltammetry.

| was able to conduct various measurements on new samples from Leibniz-Institut fiir Kristalziichtung (IKZ), Berlin using
the J.A. Woollam M-2000 DI ellipsometer in combination of TSEL-1000 heat cell stage ranging up to temperatures of
1000 °C. The samples were also measured with the J.A. Woollam Mark Il IRS ellipsometer.

Research article titled “Optical and sensing properties of thermally generated gold nanoislands created by the
annealing of layers with graded thickness” was resubmitted post revisions for publication.

Self-development of a novel non-depolarizing Kretschmann-Raether (KR) flow cell for ellipsometry and the preliminary
set of sensing measurements of heavy metals were done which will be followed up with further studies and results for a
publication. Certain experiments have already been completed for heavy metal sensing in an optical flow cell using
monomers of genetically engineered flagellar filaments.

The first grating structures that arrived from POLight project last semester was measured using M-2000DI SE and these
set of experiments were mirrored to study the modeling capabilities for periodic plasmonic nanostructures on JCMSuite.
Currently for the modelled grating structure, simulations are being carried out with modification of all the grating
parameters such as Critical Dimension (CD), thickness of Au, Wavelength, Angle of Incidence(AQl) and Pitch.
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CONFERENCE: Presented my work titled “Sensing properties of gold nanoparticles created by combinatorial magnetron
sputtering & annealing” at the 2024 E-MRS Spring Meeting, May 27-31, 2024, Strasbourg, France.

Submission of review article titled “In-situ ellipsometry at solid-liquid interfaces” post the ISCMP 2024 conference.

Final analysis of IKZ samples with SE and IRSE characterization along with heat treatment whose results will lead to an
upcoming publication this year.

Further experiments on the self-developed novel non-depolarizing KR flow cell for sensing measurements of heavy
metals and results for another publication.

Experiments related to heavy metal sensing in an optical flow cell using monomers of genetically engineered flagellar
filaments.

New grating samples from the POLight project has arrived recently which will be measured using M-2000DI SE and
these will be again mirrored to study the modeling capabilities on JCMSuite. After the modulation of the grating
parameter results obtained in this semester, it will be followed with simulations and experiments for interactions with
bio-molecules for determining of sensing with and overlayer present. This will be a work which | propose to publish in a
D1 journal before the submission of my thesis.

Presentations at the ISCMP-2024 conference in Bulgaria followed by another presentation at EOSAM-2024 conference in
Italy.

Most of my research work over the last couple of years will be presented at the 10th International Conference on
Spectroscopic Ellipsometry, ICSE-10 which will be held next year in USA.
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Current stage |

Literature review

FEM Modelling

Nanoparticles & Grating Measurements

Sensing Measurements & Analysis

Publication and conference

Thesis writing
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