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Structural investigation techniques in 

materials science
Ellipsometry

• Polarized light

• Hardver

• Modeling and evaluations

• Applications



Which photo was taken using a 
polarizing filter?
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What is ellipsometry







Propagation of electromagetic waves



Polarization
states



Light reflects and 
refracts according to 
Snell's law.



Hogyan lesz
ebből ellipszis?

“Beépített” referencianyaláb: nem érzékeny a rezgésekre, a háttérre

ρ: komplex reflexiós együttható
Ψ,Δ: ellipszometriai szögek
rp: reflexiós együttható a beesési sikkal párhuzamos polarizációra
rs: reflexiós együttható a beesési síkra merőleges polarizációra
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Determination of the Dielectric Function
of an Ideal Isotropic Reflecting Solid
Requires: Known angle of incidence
Known index of refraction of

ambient
"Perfect" interface between two media

A measurement of rp /rs or
(ψ, ∆) by ellipsometry
wavelength point by point
provides the dielectric
function εs

From Fresnel equations
θi : angle of incidence
θt : angle of transmission

Parameters measured by ellipsometry directly



s

Er,p

Er,s

p





Forgó analizátoros ellipszométer működési elve
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P = 45°

α β



No sign obtained



Only the shape counts
Independent of intensity



What can be measured



Absorption

Wave travels from air into absorbing Film 1 and then transparent 
Film 2. The phase velocity and wavelength change in each 
material depending on index of refraction (Film 1: n=4, Film 2: 
n=2).



Optical penetration depth



Fresnel coefficients
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Null ellipsometry







Types of ellipsometry













Role of focusing
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Measurement and evaluation



Interference



Interference



Evaluation
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Színes: 56.109 nm
Fekete: 56.209 nm
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Aim: to investigate 
interface processes 

using thin film 
characterization 

methods



Why ellipsometry?



Detected

Incident Foton e-, e+ n0, p+, Ion

Foton Ellipsometry XPS

Reflectometry

Raman

GI-XRD

XRD

SHG

e-, e+ Positron 
annihilation

AES

EDS TEM, SEM

n0, p+, Ion GD-OES SIMS

PIXE RBS

ND

GD-MS

Measuring by particles
(+scanning probe, electrical, etc.)
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Methods for thin film characterization and depth profiling

Abou-Ras D, Caballero R, Fischer C H, Kaufmann C A, Lauermann I, Mainz R, Mönig H, 
Schöpke A, Stephan C, Streeck C, Schorr S, Eicke A, Döbeli M, Gade B, Hinrichs J, Nunney T, 
Dijkstra H, Hoffmann V, Klemm D, Efimova V, Bergmaier A, Dollinger G, Wirth T, Unger W, 
Rockett A A, Perez-Rodriguez A, Alvarez-Garcia J, Izquierdo-Roca V, Schmid T, Choi P P, 
Müller M, Bertram F, Christen J, Khatri H, Collins R W, Marsillac S and Kötschau I, 2011 
Microsc. Microanal. 17 (2011) 728.
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Quick



Point-by-point mapping
of large surfaces

AccuMap

L. R. Dahal , Z. Huang , C. Salupo , N. J. Podraza , S. Marsillac , R. W. Collins, „MAPPING 
AMORPHOUS SILICON p-TYPE LAYERS IN ROLL-TO-ROLL DEPOSITION: TOWARD SPATIALLY 
RESOLVED PECVD PHASE DIAGRAMS, IEEE Photovoltaics Specialists Conference 6185876 
(2011) 182.

Department of Physics & Astronomy and Center for Photovoltaics 
Innovation and Commercialization,

The University of Toledo

MEASUREMENT TIME

6 s / point

Area: 30 cm x 30 cm
Resolution: 1 cm

1.5 h



Divergent source mapping of large surfaces

G. Juhasz, Z. Horvath, C. Major, P. Petrik, O. 
Polgar, M. Fried, "Non-collimated beam 
ellipsometry," physica status solidi c 5 
(2008) 1081-1084.

M. Fried, G. Juhász, C. Major, P. Petrik, O. Polgár, Z. Horváth, 
A. Nutsch, "Expanded beam (macro-imaging) ellipsometry", 
Thin Solid Films 519 (2011) 2730.
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5/10 mm periodic SiO2 pattern

Measured „line” Sample

Map by moving the sample

Spectrum

Spectral infromation

Psi-map of (nominally 110 nm) SiO2 /Si wafer

La
te

ra
l i

nf
or

m
at

io
n

Spectroscopic
mapping

Area: 30 cm x 30 cm
Resolution: 1 cm

1 min





3 prototypes of expanded beam mapping 
spectroscopic ellipsometer

Sample size: 30 cm
Sample size: 45-60 cm

Sample size: 60-90 cm



Methods for thin film characterization

Abou-Ras D, Caballero R, Fischer C H, Kaufmann C A, Lauermann I, Mainz R, Mönig H, 
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Rockett A A, Perez-Rodriguez A, Alvarez-Garcia J, Izquierdo-Roca V, Schmid T, Choi P P, 
Müller M, Bertram F, Christen J, Khatri H, Collins R W, Marsillac S and Kötschau I, 2011 
Microsc. Microanal. 17 (2011) 728.
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Non-destructive



Combination of 
grating coupled 
interferometry with 
spectroscopic 
ellipsometry

E. Agocs, P. Kozma, J. Nador, B. Kalas, 
A. Hamori, M. Janosov, S. Kurunczi, B. 
Fodor, M. Fried, R. Horvath, P. Petrik, 
“In-situ simultaneous monitoring of layer 
adsorption in aqueous solutions using 
grating coupled optical waveguide 
interferometry combined with 
spectroscopic ellipsometry“, Appl. Surf. 
Sci. 421 (2017) 289.

THE INTERFEROMETER:
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Sensitive



Conventional flow cell
Kretschmann-Raether configuration

Combination of methods
Tuning of the resonance

Mid infrared range
Electrochemical sensing

Combinatory
Summary



www.ellipsometry.hu



www.ellipsometry.hu

Decrease size,

To decrease
o the time to mix,
o the amount of material



www.ellipsometry.hu

Change the 
angle



Conventional flow cell
Kretschmann-Raether configuration

Combination of methods
Tuning of the resonance

Mid infrared range
Electrochemical sensing

Combinatory
Summary



Kretschmann 
configuration

J. Nador, B. Kalas, A. Saftics, E. Agocs, P. Kozma, L. Korosi, I. Szekacs, 
M. Fried, R. Horvath, P. Petrik, Plasmon-enhanced two-channel in situ 
Kretschmann ellipsometry of protein adsorption , cellular adhesion and 
polyelectrolyte deposition on titania nanostructures, Opt Express. 24 
(2016) 4812–4823.

~8 mm x 4 mm



Moving spot 
(two-channel 
capabilities)

J. Nador, B. Kalas, A. Saftics, E. Agocs, P. Kozma, L. Korosi, I. Szekacs, M. Fried, R. 
Horvath, P. Petrik, Plasmon-enhanced two-channel in situ Kretschmann ellipsometry of 
protein adsorption, cellular adhesion and polyelectrolyte deposition on titania nanostructures, 
Opt. Express. 24 (2016) 4812.





tan ψ - measured

30 
nm

40 
nm

50 
nm

280 nm

tan Ψ = abs(rp/rs)



Two-channel fibrinogen 
adsorption study

Sensitivity: ~ 10-5 in n

J. Nador, B. Kalas, A. Saftics, E. Agocs, P. 
Kozma, L. Korosi, I. Szekacs, M. Fried, R. 
Horvath, P. Petrik, Plasmon-enhanced two-
channel in situ Kretschmann ellipsometry 
of protein adsorption , cellular adhesion 
and polyelectrolyte deposition on titania 
nanostructures, Opt Express. 24 (2016) 
4812–4823.



Adsorption of flagellar filaments

Titanate 
nanotubes

Bare gold



Conventional flow cell
Kretschmann-Raether configuration

Combination of methods
Tuning of the resonance

Mid infrared range
Electrochemical sensing

Combinatory
Summary



Combination of 
grating coupled 
interferometry with 
spectroscopic 
ellipsometry

E. Agocs, P. Kozma, J. Nador, B. Kalas, 
A. Hamori, M. Janosov, S. Kurunczi, B. 
Fodor, M. Fried, R. Horvath, P. Petrik, 
“In-situ simultaneous monitoring of layer 
adsorption in aqueous solutions using 
grating coupled optical waveguide 
interferometry combined with 
spectroscopic ellipsometry“, Appl. Surf. 
Sci. 421 (2017) 289.

THE INTERFEROMETER:



Interferometer

Ellipsometer

GCI + SE on protein deposition



Conventional flow cell
Kretschmann-Raether configuration

Combination of methods
Tuning of the resonance

Mid infrared range
Electrochemical sensing

Combinatory
Summary



tan ψ - measured

30 
nm

40 
nm

50 
nm

280 nm

tan Ψ = abs(rp/rs)



Fibrinogen

Buffer

Measured 
absorbance
of fibrinogen

Limitations of 
gold plasmonics





Sensitivity maps in dψ/dn

Au



Δn = 0.01

Gold plasmonics

Bragg multilayer



MEAS
MEAS

CALC

CALC1.2∙10-6

6.7 pg/mm2

6.6∙10-6

10.4 pg/mm2

Sensitivity maps
Surface mass density



Conventional flow cell
Kretschmann-Raether configuration

Combination of methods
Tuning of the resonance

Mid infrared range
Electrochemical sensing

Combinatory
Summary



Penetration depth of light

Water



A. Romanenko, B. Kalas, P. Hermann, O. Hakkel, L. Illés, M. Fried, P. Fürjes, 
G. Gyulai, P. Petrik, Membrane-Based In Situ Mid-Infrared Spectroscopic 

Ellipsometry: A Study on the Membrane Affinity of Polylactide- co -glycolide 
Nanoparticulate Systems, Anal. Chem. 93 (2021) 981–991.



Silicon on insulator (SOI) membrane cell in mid IR



Issues of mechanical stress

20 mm 
x 5 mm



Integration in 
a commercial 
mid-IR 
ellipsometer



Measured and fitted 
ellipsometry spectra

Refractive index

Extinction coefficient

Ref. from literature

Transmission



Differences in Ψ (E) and Δ (F) before and after the 
adsorption of polymer nanoparticles.

Ψ Δ



Conventional flow cell
Kretschmann-Raether configuration

Combination of methods
Tuning of the resonance

Mid infrared range
Electrochemical sensing

Combinatory
Summary



Hajnalka Jankovics, Patrik Szekér, Éva
Tóth, Balázs Kakasi, Zoltán Lábadi, 
András Saftics, Benjamin Kalas, Miklós
Fried, Péter Petrik & Ferenc Vonderviszt, 
„Flagellin-based electrochemical sensing 
layer for arsenic detection in water”, 
accepted in Scientific Reports (2021).

Detection of Ni and As in water





Cyclic voltammetry



Two-channel 
Kretschmann 
ellipsometry

B. Kalas, J. Nador, 
E. Agocs, A. 
Saftics, S. 
Kurunczi, M. Fried, 
P. Petrik, Protein 
adsorption 
monitored by 
plasmon-enhanced 
semi-cylindrical 
Kretschmann 
ellipsometry, 
Applied Surface 
Science. 421 
(2017) 585–592





As in H2O

Cyclic voltammetry

without filaments with filaments 

regenerated



Z. Labadi, B. Kalas, A. Saftics, L. Illes, H. 
Jankovics, É. Bereczk-Tompa, A. Sebestyén, 
É. Tóth, B. Kakasi, C. Moldovan, B. Firtat, M. 

Gartner, M. Gheorghe, F. Vonderviszt, M. 
Fried, P. Petrik, Sensing Layer for Ni 

Detection in Water Created by Immobilization 
of Bioengineered Flagellar Nanotubes on 

Gold Surfaces, ACS Biomater. Sci. Eng. 6 
(2020) 3811–3820.

without filaments 
Cyclic voltammetry

with filaments 

regenerated

Ni in H2O



Conventional flow cell
Kretschmann-Raether configuration

Combination of methods
Tuning of the resonance

Mid infrared range
Electrochemical sensing

Combinatory
Summary



Combinatorial deposition
with profile control

B. Kalas, Z. Zolnai, G. Sáfrán, M. Serényi, E. Agocs, T. Lohner, A. Nemeth, 
N.Q. Khánh, M. Fried, P. Petrik, Micro-combinatorial sampling of the 
optical properties of hydrogenated amorphous Si1-xGex for the entire range 
of compositions towards a database for optoelectronics, Scientific Reports
10 (2020) 19266.



Si Ge Si Ge

Mapping by 
spectroscopic 
ellipsometry

spot size:
~0.2 mm

resolution:
~1%



Dispersion of amorphous SiGe



Parameters of the dispersion model



1,96 eV



www.ellipsometry.hu



www.photonics.hu



Most important

• What is directly measured by 
ellipsometry

• What sample properties can be 
determined

• Some typical applications





•Metrologies for thin film characterizations

Abou-Ras D, Caballero R, Fischer C H, Kaufmann C A, Lauermann I, Mainz R, Mönig H, Schöpke A, Stephan C, Streeck C, 
Schorr S, Eicke A, Döbeli M, Gade B, Hinrichs J, Nunney T, Dijkstra H, Hoffmann V, Klemm D, Efimova V, Bergmaier A, 
Dollinger G, Wirth T, Unger W, Rockett A A, Perez-Rodriguez A, Alvarez-Garcia J, Izquierdo-Roca V, Schmid T, Choi P P, 
Müller M, Bertram F, Christen J, Khatri H, Collins R W, Marsillac S and Kötschau I 2011 Microsc. Microanal.
doi:10.1017/S1431927611000523 1



Dispersion function

Bárium-stroncium-titanát

BaxSr1-xTiO3

Cauchy modellel



Ion implantation



Damage profiles 
(c-Si), 

comparative 
measurements
(SE, RBS, TEM)



Example:
Ion implantation-
caused damage.
Determination of 

the damage 
profile.

A few fit 
parameters, equal 

sub-layer 
distances



Damage 
profiles (p-Si), 
comparative

measurements
(SE, TEM,
RBS not! )



Cavities by high-dose helium implantation



     

SRIM
simulation

Implantation of 10 keV He into c-Si with a subsequent annealing

P. Petrik, M. Fried, T. Lohner, O. Polgár, J. 
Gyulai, F. Cayrel, D. Alquier; Optical models 
for cavity profiles in high-dose helium-
implanted and annealed silicon measured by 
ellipsometry, J. Appl. Phys. 97 (2005) 1-6.



Polycrystalline silicon



Modeling #1



Dielectric 
functions 

sensitive to 
crystal structure



Optical Properties of Solids:  Example Indirect Crystalline Si

E0'-E1 complex:  
zone center and toward L <111> directions

E2(X)-E2(Σ) complex:
toward X <100> and toward <110> directions

E1' :
toward L <111> directions

Typical Optical Amplitudes

Indirect: ε2 ~ 10−3

Direct, non-parallel: ε2 ~ 1

Direct, parallel: ε2 ~ 10

From
Leng et al.
TSF 313, 132
(1998).

After Cohen & Chelikowski, Handbook on Semiconductors,
edited by W. Paul (North-Holland, Amsterdam, 1982).

[111] [100] [110]

What shows the dielectric function



100 nm

Optical modeling of polycrystalline silicon and porous silicon

POLYSILICON

PorSi layer

Interface

POROUS SILICON

Roughness

Polysilicon

Buried oxide

c-Si + a-Si + void

c-Si + a-Si + void

SiO2

STRUCTURE MODEL

Substrate c-Si

Roughness c-Si + void

c-Si + void

STRUCTURE MODEL

Substrate c-Si

c-Si + void300 nm

100 nm

SiO2



POLYSILICON
Tdep = 620°C

Roughness

Polysilicon

c-Si + nc-Si + void

c-Si + nc-Si + void

STRUCTURE UV MODEL

100 nm

• E1 ~ 3.4 eV, 364 nm -> OPD = 13.9 nm

• E2 ~ 4.2 eV, 295 nm -> OPD = 5.8 nm

• 2.3 eV, 538 nm -> OPD = 433 nm

Buried oxide

SubstrateSiO2

E1

E2

Optical penetration depth in deposited silicon

Calculated values of the above structure
using best fit composition of
(0.2 c-Si + 0.7 nc-Si + 0.1 void):

λ = 295 nm (E2)

λ = 364 nm (E1)

λ = 538 nm (OPD 
= 433 nm)

Microstructural sensitivity at the surface



Modeling fine-grained polycrystalline silicon
• Robust model for fine-grained structures (lifetime 
broadening)

Surface
roughness

Polysilicon

c-Si + a-Si + void
c-Si + a-Si + void

nc-Si + a-Si + void
nc-Si + a-Si + void

STRUCTURE

UV MODEL
Large grains

Small grains

P. Petrik, M. Fried, T. Lohner, R. Berger, L. P. Biro, C. Schneider, J. 
Gyulai, H. Ryssel,  Thin Solid Films 313, 259 (1998)

nc-Si from: G. E. Jellison, M. F. Chisholm, and S. M. 
Gorbatkin, Appl. Phys. Lett. 62, 348 (1993)

2 3 4 5
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In situ ellipsometry



In-situ, real-time



Temperature
dependence of 
the refractive

index of silicon



Comparison of two
models (fit in a limited 

range)



Monitoring of crystallization



SURFACE ROUGHNESS



Mapping ellipsometry



Integration of spectroscopic 
ellipsometry in a vertical 
furnace

P. Petrik, W. Lehnert, C. Schneider, T. Lohner, M. Fried, 
J. Gyulai, H. Ryssel, "In situ measurement of the 
crystallization of amorphous silicon in a vertical 
furnace using spectroscopic ellipsometry", Thin Solid 
Films 383 (2001) 235.



Wide-angle ellipsometer first version: 
(1) point-like-source (2) light-cone (3) 
polarizer (4) sample, moving stage (5) 
analizer (6) screen+CCD-camera

G. Juhasz, Z. Horvath, C. Major, P. Petrik, O. Polgar, M. Fried, "Non-collimated 
beam ellipsometry," physica status solidi c 5 (2008) 1081-1084.
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wide-angle ellipsometer ver.1

(1) Light-source (LED-panel) (2) diffusor (3) film-polarizer 
(4) analyzer (6) sample (5) detector (pin-hole+CCD-detector)

“Traditional” ellipsometer (1 point)

Student Lab, Technical University, 
Budapest

“Imaging” or microscope ellipsometer

For „big” area, „big” 
parallel beam, „big” 
optical elements

„Macroscope”



•Student Lab, Technical 
University, Budapest



Application on large surface (ver. 2)

(1) Source, (2) polarizer, (3) spherical mirror, (4) convergent beam, (5) sample, 
(6) cylindrical (correction) mirror, (7) corrected beam, 

(8) analyzer, (9) pin-hole, (10) beam, (11) CCD

M. Fried, G. Juhász, C. Major, P. Petrik, O. Polgár, Z. Horváth, A. Nutsch, 
"Expanded beam (macro-imaging) ellipsometry", Thin Solid Films 519 (2011) 
2730.



•inhomogeneous a-
Si:H layer



What is seen on the CCD-matrix?
5/10 mm periodic change (mask)
Test of the lateral & spectral resolution

Measured „line” Sample

Moving the sample (wafer, panel, 
rolling foil) we get a map!

Spectrum

Spectral infromation

Psi-map of (nominally 110 nm) SiO2 /Si 
wafer
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•3 prototypes of expanded beam mapping 
spectroscopic ellipsometer

Sample size: 30 cm
Sample size: 45-60 cm

Sample size: 60-90 cm



a-Si thickness [nm] map
sample: a-Si/Al/slg

[cm] [n
m

]

30 cm

Desk-top mapping
~4x20 min

Expanded beam
mapping ~2 min.

1 color=10 nm
[cm]

[cm]

[n
m

]

a-Si thickness [nm] mapsample: 
a-Si/slg

Desk-top mapping
~4x20 min

Expanded beam
mapping ~2 min.

1 color=5 nm

Thickness-maps of a-Si layers on 30x30 cm2 a-Si/Al/glass (left) and a-Si/glass (right) samples 
by the 30 cm wide expanded beam device and by a commercial ellipsometer. 1 color = 10 
nm. Maps by the commercial ellipsometer are merged from 4 independent 15x15 cm2 maps 
(dashed rectangulars).

Mapping using complex models (a-Si/Al/Glass[subs.])




a-Si thickness [nm] map

sample: a-Si/Al/slg

[cm]

[nm]

30 cm









Desk-top mapping ~4x20 min

Expanded beam mapping ~2 min.

1 color=10 nm










[cm]

[cm]

[nm]

a-Si thickness [nm] map

sample: a-Si/slg









Desk-top mapping ~4x20 min

Expanded beam mapping ~2 min.

1 color=5 nm









•The prototype is installed on the experimental vacuum 
chamber of the PhotoVoltaic Innovation and 

Commercialization Center at University of Toledo (Ohio).

“white” sources

narrow aperture

polarizers

Spherical mirror

Sample 
holder

Extended spectral range (350-
1000nm) is necesssary for many 
layers/structures. Expanded (non-
collimated) beam ellipsometers 
should be assembled with film 
polarizers, so 2 polarizer-analyzer 
pairs are needed to detect  the 
spectra from near UV to near IR.

CCD

„Spectrograph”

Halogen

Xe-lamp

G. Juhasz, O. Polgar, C. Major, P. Petrik, A. Nutsch, 
and M. Fried, „One-window mapping spectroscopic 
ellipsometry for cluster tools”, EMRS Sping 
Meeting, May 14-18, 2012, Straßburg. (to be 
published in the Thin Solid Films)



Thin film silicon PV-cluster in PVIC



 

•Schematic view of the cluster integration

Mirror
MirrorMirrorMirror

Pinhole 
camera

Diffusor

Polarizer

Light 
source

Analyzer

M. Fried, G. Juhász, C. Major, P. Petrik, O. Polgár, Z. Horváth, A. Nutsch, "Expanded beam 
(macro-imaging) ellipsometry", Thin Solid Films 519 (2011) 2730.



•New method for the integration of divergent light 
source ellipsometry into a cluster chamber

 

M. Fried, G. Juhász, C. Major, P. Petrik, O. 
Polgár, Z. Horváth, A. Nutsch, "Expanded 
beam (macro-imaging) ellipsometry", Thin 
Solid Films 519 (2011) 2730.



Nanocrystals in porous silicon



POROUS SILICON



Imaginary part of
dielectric function
by
Effective Medium
Approximation

decreasing amplitude

red shift of peaks

broadening

with increasing
nc-Si fraction

Fit of porous silicon using the effective medium method





S. Adachi, Phys. Rev. B 38, 12966 (1988).

Contributions of interband transitions to the
imaginary part of the dielectric function of c-Si

The 2D-CP at E1 (3.4 eV) is described by

wher
e

Exciton at E1:

Damped harmonic oscillators (DHO):

The 2D-CP at E2 (4.2 eV) is described by

E: energies,
B, C, and F: strenghts,
Γ and γ: broadenings

Parameterization of the dielectric function



P. Basa, P. Petrik, M. Fried, L. 
Dobos, B. Pécz, L. Tóth, 
Physica E 38 (2007) 76.

nc-Si

nc-Si

Fit of MDF on nc-Si

Sensitive parameters can be 
identified by fitting the MDF 
model on reference data



Parname    Lower    Param   Upper Fit   C     X
d1 (nm)  37.0000  41.0000  41.000   1   0 0.000
d2 (nm) 318.0000 318.3226 322.000   1   0 0.000
d3 (nm)  22.0000  22.9648  26.000   1   0 0.000
fv1 (%)   0.4200   0.4468   0.460   1   0 0.000
fv2 (%)   0.4600   0.4932   0.510   1   0 0.000
fv3 (%)   0.5500   0.6000   0.600   1   0 0.000
E_0p (eV) 3.2500   3.3500   3.500   0   0 0.000
C_0p      0.0200   0.0700   0.270   0   0 0.000
gm_0p     0.0200   0.0900   0.190   0   0 0.000
E_1 (eV)  3.3200   3.3612   3.400   1   0 0.000
A_1       3.7000   3.9833   4.000   1   0 0.000
A_1x      0.8000   1.1153   1.300   0  11 0.280
Gm_1 (eV) 0.0800   0.0970   0.120   1   0 0.000
E_1p (eV) 5.3300   5.3300   5.330   0   0 0.000
C_1p      0.3000   0.3000   0.300   0   0 0.000
gm_1p     0.1200   0.1200   0.120   0   0 0.000
E_2  (eV) 4.1900   4.2600   4.260   1   0 0.000
A_2       4.2600   4.3379   4.380   1   0 0.000
C_2       3.5200   3.2534   3.520   0  18 0.750
Gm_2 (eV) 0.0600   0.0871   0.120   1   0 0.000
gm_2      0.1200   0.1722   0.200   1   0 0.000
ei        0.0000   0.4371   1.000   1   0 0.000

Setup table of parameters to fit Couple
Ratio

- To set fitted and 
fixed parameters

- To define coupling

- MSE of 100000 
random sets 
calculated

- Gradient search 
starting from sets of 
the 50 best MSEs

- Best-MSE gradient 
search result chosen 
as final result

Multi point 
random search:



Solar cell research







Model of amorphous silicon for solar cells



Error of the fit Thickness of the amorphous layer



Broadening Gap





Bioellipsometry



•Liquid cell
Capacity 0.2 ml

Angle of 
incidence 75°

Flow rate Below 0.5 
ml/min

Solution 
amount for 1 

hour (at least)
30 ml

Windows 
diameter 4 mm

Sample size 
(O-ring) 27x7 mm

S. Kurunczi, A. Nemeth, T. Hulber, P. Kozma, P. Petrik, 
H. Jankovics, A. Sebestyen, F. Vonderviszt, M. Fried, I. 
Bársony, "In situ ellipsometric study of surface 
immobilization of flagellar filaments", Applied Surface 
Science 257 (2010) 319.



Immobilization in a liquid cell using a SOPRA ES4G ellipsometer



• Applying normal lenght distribution (xm = 600 nm,            w = 
100 nm), 600 particles:

•Surface morphology
• Applying log-normal lenght distribution (xm = 285 nm,     w = 

1.24 nm), 600 particles:



P. Kozma, D. Kozma, A. Nemeth, H. Jankovics, S. Kurunczi, R. Horvath, F. 
Vonderviszt, M. Fried, P. Petrik, In-depth characterization and 
computational 3D reconstruction of flagellar filament protein layer 
structure based on in situ spectroscopic ellipsometry, Applied Surface 
Science 257 (2011) 7160.



•Simulation SE



Combination of 
grating coupled 
interferometry with 
spectroscopic 
ellipsometry

E. Agocs, P. Kozma, J. Nador, B. Kalas, A. 
Hamori, M. Janosov, S. Kurunczi, B. Fodor, 
M. Fried, R. Horvath, P. Petrik, “In-situ 
simultaneous monitoring of layer 
adsorption in aqueous solutions using 
grating coupled optical waveguide 
interferometry combined with 
spectroscopic ellipsometry“, to be 
published.

THE INTERFEROMETER:



Combination of grating coupled 
interferometry with spectroscopic 
ellipsometry



Interferometer

Ellipsometer

GCI + SE on protein deposition



Combined GCI-SE test measurements Polyelectrolite deposition



Kretschmann configurationStandard flow cell configuration

M.Poksinski, H.Arwin, “Protein monolayers 
monitored by internal reflection ellipsometry”, 

Thin Solid Films 455 –456 (2004) 716–721.



Another Kretschmann configuration

abs(rp/rs)

Plot of 
abs(rp/rs)



Measurement with the hemi-spherical 
Kretschmann setup

E. Agocs, B. Kalas, P. Kozma, P. Petrik, “Plasmon 
enhanced adsorption monitoring by multiple 
angle of incidence spectroscopic ellipsometry 
in the Kretschmann geometry”, to be 
published.



•Glazed ceramic layers by SE, RBS and in-air PIXE
T. Lohner, E. Agócs, P. Petrik, Z. Zolnai, E. Szilágyi, I. Kovács, Z. Szőkefalvi-
Nagy, L. Tóth, A. L. Tóth, L. Illés, I. Bársony, “Spectroellipsometric and ion 
beam analytical studies on a glazed ceramic object with metallic lustre 
decoration”, Thin Solid FIlms 571 (2014) 715.
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