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Background and motivation

Our modern society could not exist without the precise mani-

pulation of matter in the nanometer range. Without this, none

of the latest achievements in the field of info-communication,

optical and sensor applications could make our daily lives easier.

One of the most common tools for exploring the properties of

nanometer structures and characterizing their quality in indust-

rial environment is provided by ellipsometry [1]. Ellipsometry

can be used to determine the optical properties and layer thick-

ness (usually between 1-2 nm and a few microns) of thin films

non-destructively and relatively quickly. The main application

areas of ellipsometry include semiconductor devices, optical and

biological coatings, protective coatings [2].

Compared to other thin film characterization methods [3], the 

unique properties of ellipsometry are its sensitivity, non-destructiv-

ity, velocity and its ability to monitor solid-liquid interfaces 

over a significant transparent wavelength range.

The number and prevalence of optical sensor designs are cons-

tantly increasing these days. Ellipsometry contributes to the

investigation of these structures with its quantitative spectros-

copic manner which is mainly based on the ability to measure
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phase. With the help of ellipsometer it is possible to interprete

surface processes, and explore knowledge that contributes to the

development of simpler sensor designs. For unique problems, an

custom-made ellipsometer can be built from relatively simple and

inexpensive hardware components utilizing adequate calibration

and evaluation knowledge.

In the development of ellipsometric technique three main direc-

tions can be identified nowadays: (i) development of optical

configurations, (ii) development of surface nanomaterials, (iii)

development of theoretical and evaluation techniques for the in-

terpretation of the measured optical signals. In my doctoral

dissertation, I aimed to contribute to all three areas. I have de-

veloped nanostructures based on multilayers and combinatorial

nanomaterials to increase the available sensitivity and versatility

for spectroscopic applications. I modeled the spectra of these

materials, their structural properties and their sensoric optical

response.

One of the aims of my doctoral dissertation was to determine

the composition-dependent optical properties of layer systems

made with a new sample preparation method, combinatorial DC-

magnetron deposition, demonstrating the unparalleled potenti-

al of this technique. The unique property of samples made by
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combinatorial deposition is that the composition (and even thick-

ness) of the layer deposited on a substrate changes in a controlled

manner along the position of the sample. The advantage of com-

binatorial sample preparation is that the full range of composit-

ions can be produced within the same deposition process on the

same substrate, thus greatly reducing the uncertain parameters

of the experiment. The number of samples produced is also signi-

ficantly reduced, making further experiments more manageable

and less time consuming. Ellipsometric measurements provide

an ideal measurement technique for these studies, as they can be

performed with low lateral resolution, non-destructive, revealing

the optical properties of the combinatorial samples.

First, I demonstrate the possibilities of combinatorial sampling

on a material system with a long research history, namely a-

SiGe. Then, an exciting combinatorial AgAl thin film sample

is introduced which is motivated by biosensor applications. In

the latter case, my goal - in addition to determining the optical

properties of the combinatorial thin film - is to manipulate the

sensitive wavelength range (spectral position of the resonance

peaks) by changing the composition, so that multi-wavelength

biosensor measurements can be performed even at one angle of

incidence.
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My other objective is to optically describe a biosensor structu-

re operating in the ultraviolet range in a Kretschmann-Raether

configuration (KR). Spectroscopic ellipsometry (SE) is again an

ideal choice for this task, as the measurements can be performed

in the appropriate spectral range, and the phase information of

the light reflected from the structure contributes significantly to

the of the sensing capabilities of the biosensor structure. For

this reason, I investigated the sensing properties of a dielectric

Bragg multilayer structure (BMS) in the ultraviolet range, both

numerically and experimentally.

Subsequently, I compared the capabilities of the BMS structure

with the capabilities of one of the most common plasmonic planar

structures (Au thin film), highlighting the effect of imperfections

stemming from the experimental setup (resulting from both the

sample and ellipsometric configuration) on the sensing properties

of the two systems.

Methods

In the dissertation, I investigated various layer structures depo-

sited by electron beam deposition, RF- and DC magnetron sput-

tering with the help of SE. In the case of the latter deposition

technique, the thin films were prepared by a micro-combinatorial
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method, as a result of which the entire x composition range

(0 ≤ x ≤ 1) was realized on a sample. The layers were grown

in an ultra-high vacuum system made of stainless steel using an

up-scaled instrument [4]. This deposition method was originally

used for special sample preparation dedicated for transmission

electron microscopy investigations. In the arrangement used in

this work, a plate moves over the sample, with a gap of 1 mm

× 10 mm. The plate moves in fine steps, synchronously with

changing the power of the two magnetron sources, so that the

material flow of one of the targets at one end of the sample is

100%, which gradually decreases to 0% when the gap reaches the

other end of the sample. In the case of the second target, the

power is controlled in the same way in sync, and the material

flow changes in the other direction compared to the first target.

Structures designed for sensor applications were also investigated

in an ellipsometric arrangement optimized for studies using full

internal reflection. These configurations have long been in use

[5] and are popular even nowadays [6]. An important advantage

of the method compared to the ”traditional” reflection arrange-

ments is that the incident light beam does not pass through the

examined liquid medium, so the refractive index perturbations

in the liquid does not limit the sensitivity of the measurement.

Another advantage is that the absorption of liquids in this case



6

does not narrow the possible spectral detection range, thus in

the case of an aqueous medium, for example, measurements can

be made in the IR range also. Using an SPR array with ellip-

sometry, the layer formed on the surface of the gold layer can

generally be traced with higher sensitivity than by simply using

ellipsometry [7]. This combined measurement method is used in

Total Internal Reflection Ellipsometry ([TIRE]) [8] or Plasmon

Resonance Enhanced Elliphometry (SPREE) [9].

SE analysis of the structure was complemented by Rutherford

backscattering spectrometry (RBS) [10], ERDA (Elastic recoil

detection analysis) [11], TEM (Transmission electron microsco-

py). In addition, the obtained measurement results were also

supported by numerical transfer matrix and finite element simu-

lations.

Results

The following theses below summarize the results supported by

publications as my own contribution to the present work:

1. I determined the dielectric functions of combinatorially

created hydrogenated amorphous SixGe1−x samples in the

whole 0≤ x ≤ 1 composition range by DC sputtering. I
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determined the most appropriate optical model for the op-

tical properties of the samples, and determined the change

in the parameters in the model as a function of composit-

ion. I identified the linear n-ranges for each sample. [S1]

2. I determined the optical properties of a combinatorial Ag

xAl1−x thin film stabilized with a silicon nitride topcoat

with a continuously variable composition and thickness in

the whole 0≤ x ≤ 1 composition range. I experimentally

demonstrated its bionsensor performance in the UV-VIS-

NIR wavelength ranges. [S2]

3. I performed a Kretschmann-Raether process-oriented el-

lipsometric measurement by using a Bragg dielectric layer

structure with a resonant peak in the ultraviolet range.

The sensing capabilities of the structure were experimen-

tally demonstrated using solutions with different refractive

indices as well as fibrinogen protein solution. I have al-

so shown the effect of depolarization on the properties of

the structure due to the angular broadening caused by the

focused beam. [S3]

4. By using numerical calculations, I investigated the bulk

refractive index sensitivities under different, non-ideal con-

ditions in the cases of both a planar gold SPR sensor and
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a Bragg dielectric layer structure. Consistent with the ex-

perimental results, I showed that in the case of the SPR

sensor, a linear shift in the absorption peak is observed in

a large wavelength range due to depolarization due to the

broadening of the angle of incidence during the change of

the bulk refractive index. [S3]
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