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INTRODUCTION

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

OBUDA UNIVERSITY
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Ellipsometry Phenomenon

In Situ Spectroscopic Ellipsometry measures a sample "in position®:as
sample can be characterized:

Q Prior to Film Deposition for Accurate Substrate
O In Real-time for Thickness and Optical Conste Vionitoring
O Before exposure to Air/Oxidation )
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FLOW CELL ELLIPSOMETRY

Kretschmann-Raether Flow cell

Features of the conventional setup:

Monitoring of the thickness of adsorbed layers

QKinetics of adsorption

L Optical Constants (n,k)

QSurface quality before and after processing

LProcess conditions that affect optical constants

LMaterial properties that have an effect on optical constants
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JCMWAVE

JCMsuite is a software package with a focus on fast and highly accurate electromagnetic simulations
for finite element analysis. It is based on the following modules:

9 JCMGeo
JCMSolve O

L T oy
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JCM Modelled Kretschmann- JCMControl
Raether Configuration
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CONVENTIONAL CONFIGURATION

For our experiment, Thickness (d_Au) = 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.
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Optical configuration
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K-R CONFIGURATION

For our experiment, Thickness (d_Au) = 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.

700
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Optical configuration Wavelength (nm) Wavelength (nm)
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K-R CONFIGURATION

For our experiment, Thickness (d_Au) = 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.

Delta (deg)

w
[=]
=]

]
w
=]

[
o
=1

CD (nm)
g g

u
o

0

| — ]

:ED_O 62.5 65.0 675 700 725 750 77 80.0 -ll?-I)A[J 62.5 65.0 675 700 725 750 7T
Angle of incidence (deg) Angle of incidence (deg)

Optical configuration
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ENHANCED RESONANCE SHARPNESS: As the Critical Dimension (CD) y
increases from 0 to 200 nm, the resonance peaks in the 300-800 nm
range become sharper, indicating improved optical performance.

RESONANCE WAVELENGTH SHIFT: A noticeable shift in resonance
wavelength is observed from ~300 nm to ~B50 nm with increasing CD, e
highlighting a tunable optical response.

IMPROVED HOMOGENEITY AND FWHM REDUCTION: The homogeneity of
the optical response improves with a corresponding reduction in the
FWHM of resonance peaks by ~ 0 nm as CD increases.

PHASE CONTROL AND TUNABLE RESONANCE REGIONS: The ability to
control phase difference and shift resonance regions by varymg the
grating parameters provides pathways for optimizing them f
sensing applications such as biosensing in the K-R confi
metal sensing applications, etc.
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CONFERENCES ATTENDED

» Presented my work titled “Finite element simulations for the optical sensing performance of gold
gratings” at the 234 ISCMP-2024, August 26-30, 2024, Varna, Bulgaria.

» Presented my work titled “The power of using combinatorial materials science and finite eIe 7
‘methods in the optimization of sensing by gold nanostructures” at the. OSENSORS X3 XV
September 01-04, 2024, Debrecen, Hungary. =

* Presented my work titled “Modeling of dimensions and:s
spectroscopic ellipsometry and finite eleme
2024, Naples, Italy. '
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CURRICULUM ACTIVITIES

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

Involved in investigations combining spectroscopic ellipsometry with cyclic voltammetry.

Conducting 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 11 IRS ellipsometer.

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 genetical ly engineered flagellar filaments. —

these set of experiments were mirrored to study the modeling capabilitiessfor:
JCMSuite. Currently for the modelled grating structure, simulations.ar |
the grating parameters such as Critical Dimension (CD) thicl
Pitch.
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FUTURE WORK

Submission of review article titled “In-situ ellipsometry at solid-liquid interfaces” by the end of this month.

BUDA UNIVERSITY

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 POL.ight 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 :
parameter results obtained in this semester, it will be followed with simulations and experiments for inte

biomolecules for determining of sensing with and overlayer present. This W|Il‘be a work wh|c 1 proy
another D1 journal before the submission of my thesis. IR

A culmination of my research work over the last couple g

Denver, USA in June.
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Planned 2021 2022 2023 2024 2025
Gantt Chart
Current stage

Literature review

FEM Modelling

Nanoparticles & Grating Measurements

Sensing Measurements & Analysis

Publication and conference

Thesis writing
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