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Introduction 

In microelectronics, smaller has always meant better: more components 
per chip, lower cost, faster response, and lower power consumption. The 
miniaturisation and production of microelectronic chips has been guided by road 
maps. 

Miniaturization seems also be the trend in a range of other technologies. 
There are active efforts, for example, to develop magnetic storage media having 
elements with dimensions of 100 nm, compact disks (CDs) with pit sizes of 
<50 nm, and of course nanometer-sized sensors or nanoelectromechanical 
systems (NEMS). The motivation for these improvements is to increase the 
density of components, lower their cost, and increase their performance per 
device. 

Many materials with minimum dimensions on the nanoscale have 
properties different than those observed for the bulk material. Fascinating 
phenomena occur in systems that have a spatial dimension comparable to that of 
a fundamental physical, chemical, or biological process. The most interesting 
examples are quantized excitation, Coulomb blockade, single-electron 
tunnelling, near-field diffraction of visible light, excitation of a collective 
resonance by light, etc. Revolutionary devices based on these new effects such 
as arrays of quantum dot lasers, quantum cascade lasers, single-electron 
transistors, and arrays of nanometer-sized magnets are appearing in prototype 
forms in research labs. 

The fundamental study of phenomena that occur in these structures has 
already evolved into a new field of research. That is sometimes referred to as 
nanoscience. In addition to their uses in nanoscience, nanostructures are central 
to the development of numerous existing and emerging technologies. 

 

Aim of the thesis 

The primary aim of the thesis was to develop new methods to prepare 
nanostructures on macroscopically large areas, preferably without using 
sophisticated large equipments. My objective was to explore the adequate 
techniques and combine the available methods, solve the occurring scientific 
problems. 

 

Preparative and testing methods 

To achieve periodic nanostructures on macroscopic silicon substrates I 
applied one- and two dimensional photoresist gratings prepared by holographic 
lithography, single and double layer Langmuir-Blodgett (LB) films from Stöber 
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silica particles, and monolayer particulate LB-films structured by 
photolithography as primary structures. I used these structures as mask for 
implantation of doping ions. I converted the generated laterally periodic doping 
distribution to relief structures by electrochemical etching of the silicon. For the 
qualification of the resulted structures I applied mainly scanning electron 
microscopy (SEM) and atomic force microscopy (AFM). 

For the characterisation of the applied particulate LB-films I chose 
spectroscopic ellipsometry (SE) because of its time- and cost effective and non-
destructive properties. During the evaluation of the SE measurements the 
possibility has appeared to use the investigated systems – ordered layers of 
spherical particles with low polydispersity – as model structures to study 
experimentally the validity limits of the effective medium approximations. 

 

Thesis 

1. I have applied first holographically exposured and developed photoresist 
gratings as mask for the boron ion implantation to generate boron doping 
distribution with sinusoidal profile in p-type silicon. After electrochemical 
etching and dissolution of the porous silicon layer were achieved one- and two 
dimensional diffraction gratings with sinusoidal profile and 375 nm period on 
large silicon areas. [S1], [S5] 

2. First I have applied particulate layers as mask for ion implantation. I have 
used monolayer and double-layer Langmuir-Blodgett (LB) films from Stöber 
silica nanospheres of 350 nm diameter as masking layer for boron and 
phosphorous ion implantation. I converted the achieved laterally periodic doping 
pattern into relief structure by anodisation. [S2], [S3], [S6] 

2.a In case of boron-implanted p- and n-type, phosphorous-implanted n-type 
silicon applying monolayer LB-film, the samples were preferably anodized in 
the implanted regions. After removal of the of the porous layer freestanding 
crystalline pillars remained, where the implanted ions stopped in the masking 
nanospheres. [S2], [S3], [S6] 

2.b In the case of the double-layer masked p-type silicon the boron-ions could 
reach the substrate through nearly circular windows of diameter ca. 60 nm. The 
anodisation started here and propagated down and laterally resulting regular 
hexagonal crystalline honeycomb-like silicon structure after dissolution of the 
porous regions. [S2], [S3], [S6] 

2.c In the case of the monolayer masked boron-implanted n-type silicon the 
porous etching occurred preferentially in the non-implanted regions terminated 
by the doped volumes. Where the etching front reached the bottom of the doped 
layer the anodisation became isotropic. [S2], [S3], [S6] 
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3. I have applied first photoresist pattern for structuring Stöber silica LB-
films. I created streets in the particulate film by dissolving of the photoresist. 
The structured particulate film and the particulate layer combined with the 
photoresist pattern served as mask for the boron and phosphorous ion 
implantation into p- and n-type silicon. I converted the achieved doping pattern 
into relief structure by anodisation. 

4. I have showed experimentally that single layer homogeneous optical 
model is sufficient for the evaluation of spectroscopic ellipsometric 
measurements of mono- and multi-layer LB-films from Stöber silica particles 
and the Maxwell-Garnett effective medium approximation offers more accurate 
results, than the Bruggeman. [S4] 

5. First I have showed experimentally the validity limits of the widely 
accepted effective medium approximation by using mono- and multi-layer LB 
films of Stöber silica nanospheres of different diameters. I have introduced the 
difference threshold between the experimental and from the fitted model 
generated tanΨ and cos∆ as new index to derive thresholds wavelengths exactly. 
I have found linear correlation between the extent of inhomogeneity – i.e. the 
diameter of the particles – and the reciprocal value of the threshold wavelength. 
[S4] 

6. I have worked out an approximating method to determine average 
distance between individual particles in the single layer Stöber silica LB-film 
based on the measured effective porosity values by spectroscopic ellipsometry, 
assuming a monodisperse size distribution. [S4] 

7. I have showed experimentally by using spectroscopic ellipsometry that the 
relative deviation between the measured and from the monodisperse, ideally 
close packed model calculated effective thickness values reflects a tendency of 
saturation around 10% with increasing number of stacked layers (in case of the 
studied maximum five-layer films). [S4] 

 

Utilisation of the results 

The nanostructures prepared by nanoparticulate masks and the preparative 
technique have interest for basic research (e.g. Brillouin light scattering, 
Andrejev-microscope) and also for applied research (e.g. solar cells). 

In case of ellipsometric measurements the use of particulate LB-films as 
model structure is one of my important innovations (e.g. for development of new 
models and methods). On the other hand the application of these layers as 
primary structure seems also useful to prepare model structures (e.g. applying 
material deposition or ion implantation). 
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