
 Master Nanoscience and Nanotechnology 

 

Thesis title:   Modeling ionic diffusion in solid-state materials for energy storage 

applications 

 

Description:  

 

The development of fundamental understanding in material science starts at the atomic 

level, where concerted movements set the properties of a material and its reaction upon 

the application of external factors. With the current development of nano-structured 

materials as e.g. metal-organic frameworks which can be used for energy storage 

applications, gaining insights into the dynamics that drive the evolution of a system along 

representative time window is becoming a problem of prime importance. 

 

With that respect, Molecular Dynamics (MD) has long proved to be a very robust and 

useful technique that offers unique insights into the dynamical behavior of a system. 

However, a large gap is often observed between the events captured by the MD 

simulations and the experimental observations, mainly due to the fact that monitoring the 

evolution of a non-equilibrium system towards its equilibrium state is computationally 

very demanding. We therefore developed a new technique which, together with other 

modern algorithms, is implemented in a imec software package. This software package 

will be the necessary tool to bridge the gap mentioned. 

 

The content of the project is then to further explore, develop and test these techniques 

with a striving to engineer novel materials for energy storage applications. The student 

will gain insight into modern first principle calculation executed on up-to-date 

infrastructure. Further he will get familiar with hot-topics in energy storage as solid-state 

batteries and experience how imec can make a difference in this field. In the beginning of 

the project a work schedule is made (together with the student!) with clear milestones 

which lead the student towards making significant contributions to the energy storage 

group insight imec. 

 

 

 

 

Promoter: Marc Heyns 

Faculty/research group: IMEC/NCAIS/MSP 

Daily supervision: G. Pourtois 

Graduating option: Engineering or Natural Science  

Type of work: simulations 

Number of students: 1  

1



 Master Nanoscience and Nanotechnology 

 

Thesis title:   Effect of confinement and position of dopants on the ionized impurity 

scattering limited mobility in a few-dopant  double gate junctionless FET or all-around 

gate cylindrical nanowire junctionless transistor 

 

Description:  

 

As nanowire dimensions are scaled down the number of dopants in the nanowire becomes 

small. Even for a relatively large doping density of 1019 cm-3 a cylindrical nanowire 

with radius 5 nm and channel length 10 nm will only contain about 7 dopants. As a result, 

the usual method of impurity averaging does not work and the discrete nature of dopants 

needs to be taken into consideration. In this thesis the student is expected to calculate the 

electrostatic potential of a single Coulomb charge in a nanowire surrounded by a 

dielectric and metal gate. The Coulomb field of a charge residing in a semiconducting 

nanowire or double gate structure is determined by the boundary conditions imposed on 

the electrostatic potential of this charge. In a semiconducting nanowire junctionless FET 

with surrounding dielectric and gate or a double gate FET structure with dielectric and 

metal gate, the electrostatic potential is determined by solving Poisson’s equation for a 

single charge with appropriate boundary conditions. For a double gate junctionless FET 

the presence of the planar dielectric and metal gates will also determine the electrostatic 

potential of the Coulomb charge. The obtained electrostatic potential is used to calculate 

the scattering rate for ionized impurity scattering using the Boltzmann equation in the 

relaxation time approximation together with Fermi’s golden rule. The student is expected 

to investigate the effect of confinement (wire radius, gate voltage) and of dopant position 

in the wire on the low-field mobility. 

 

The candidate should have a strong background/interest in solid-state physics, quantum 

mechanics and computational physics. 

 

 

 

 

 

Promoter: M. Heyns 

Faculty/research group: IMEC/NCAIS/MSP 

Daily supervision: Bart Soree & Wim Magnus 

Graduating option: Engineering or Natural Science  

Type of work: Theoretical 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title:   Characterization and modeling of the junctionless  III-V nanowire for 

novel device applications 

 

Description:  
 

A junctionless nanowire FET is a novel device invented in imec which is uniformly 

doped throughout source, channel and drain.  It has been shown that the junctionless 

transistor offers the promise of superior scaling to sub-22 nm dimensions compared to 

regular transistors. Originally, the junctionless nanowire transistor was designed to avoid 

detrimental surface interactions which have a negative impact on the transport properties 

of charge carriers inside the channel of the device such as surface roughness or remote 

phonon scattering. The uniform doping throughout source, channel and drain greatly 

simplifies the fabrication process due to the absence of doping junctions.  The current-

voltage characteristics of this novel device are very similar to a conventional inversion 

mode (MOSFET) device. The current in this device is carried by the majority carriers 

delivered by the dopants. In order to switch off the current, an all around gate must 

deplete the doped channel by applying a gate voltage (field effect).  
 

Moreover, the junctionless nanowire transistor can also be used in the low-temperature 

regime to possibly create a superinsulator which is a material with infinite resistance. 

Such material should (in analogy to a superconductor) show a phase transition with 

respect to temperature and/or applied voltage [1] 
 

The student is expected to measure the electrical properties of single III-V nanowire 

devices by means of conventional probe stations, with and without cryogenic capability, 

for which he will be adequately trained. The data collected (current vs. voltage 

characteristics) will be organized and plotted to extract the quantities of relevance and 

interest. The student is also expected to interpret the characterization results by modeling 

the junctionless pinch-off transistor. Here, the student can make use of the expertise 

available in the physics, modeling and simulation group. Analytical modeling can be 

performed by using an existing model in which the material parameters are adjusted to 

handle III-V materials, and if feasible and/or desirable quantum mechanical modeling of 

the transport properties of charge carriers in the III-V  nanowire can also be performed by 

the student. 

 

[1]  "Superinsulator and quantum synchronization", V. M. Vinokur, T. I. Baturina, M. V. 

Fistul, A. Y. Mironov, M. R. Baklanov and C. Strunk, Nature 452, 613¬616 (2008). 

Promoter: G. Groeseneken 

Faculty/research group: IMEC/NCAIS/MSP 

Daily supervision: Bart Soree & Wim Magnus 
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Type of work: Theoretical 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Remote Coulomb, surface roughness and ionized impurity scattering in 

novel nanowire all-around gate FET devices 

 

Description:  

In nanowire MOS field-effect transistors (FETs) degradation of the low-field mobility 

due to interactions occuring at or near the interface between the substrate and the 

insulator are important in the strong inversion regime. In this strong inversion regime, the 

electrons are mainly residing near the interface which results in a stronger coupling of the 

electrons with interactions which are localized near or at the substrate-insulator interface. 

The working principle of the novel junctionless pinch-off transistor does not require a 

strong inversion regime, but is based on current carried by majority carriers flowing 

throughout the entire volume of the channel. As a result one expects a lower impact of the 

detrimental surface interactions. 

On the other hand, the junctionless pinch-off nanowire transistor requires doping, which 

in turn will depress the low-field mobility due to ionized impurity scattering. In order to 

calculate the low-field mobility one needs the scattering rates obtained from the 

Boltzmann transport equation in the relaxation time approximation in combination with 

Fermi’s golden rule together with the energy spectrum and group velocities obtained 

from a self-consistent Poisson-Schrodinger solver. 

 

The student is expected to derive the scattering rates for the scattering mechanisms 

mentioned above and tu numerically implement these into an existing Poisson-

Schroedinger solver for a all-around gate nanowire FET. The student will compare the 

obtained results for such a device when operating in inversion mode (MOSFET) and 

operating as a junctionless transistor. 

 

The candidate should have a strong background/interest in solid-state physics, quantum 

mechanics and computational physics. 

 

 

 

 

 

Promoter: G. Groeseneken 

Faculty/research group: IMEC/NCAIS/MSP 

Daily supervision: Bart Soree & Wim Magnus 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Effect of screening on scattering and low-field mobility in semiconducting 

cylindrical nanowire FETs 

 

Description:  

 

Transport of charge carriers in nanowire FETs is hampered by scattering events that 

determine the low-field mobility. For a semiconducting nanowire the main scattering 

agents are the electron-phonon scattering, ionized impurity scattering and surface 

roughness scattering. The most significant impact of the electron-electron interaction on 

these scattering rates is usually taken into account by screening of the interactions. In 

order to calculate the screening factor for the interactions one needs to calculate the 

dielectric function in the RPA approximation. For bulk this is a well-known procedure, 

but in a confined system with cylindrical geometry the eigenfunctions are not pure plane 

waves, and the calculation becomes more involved. It is expected that the student 

becomes acquainted with the theory of electronic screening and performes a theoretical 

derivation of the dielectric screening function and calculates the impact on one or more 

relevant interactions (electron-phonon, ionized impurity scattering) for a cylindrical 

nanowire. 

 

The candidate should have a strong background/interest in solid-state physics, quantum 

mechanics and computational physics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Promoter: G. Groeseneken  

Faculty/research group: IMEC/NCAIS/MSP 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Energy spectrum of a cylindrical nanowire with periodic width fluctuations 

 

Description:  

 

In this thesis the energy spectrum for a cylindrical nanowire with periodic width 

fluctuations will be calculated. In first instance, the student must get acquainted with the 

well known solutions for the free standing cylindrical nanowire in the effective mass 

approximation (Bessel functions). Next, the case of a single localized, but rotational 

invariant width fluctuation (bulge) will be considered. Depending on whether it is an 

radial inward or outward bulge one can obtain bound states or scattering states 

respectively. Finally, the case of an infinite array of periodically spaced width 

fluctuations will be considered.  

 

The student will perform the aforementioned calculations by making acceptable 

approximations which will render the problem tractable. If necessary the student can also 

rely on available software to numerically solve the problem. The student will make an 

analysis of the energy spectrum and draw preliminary conclusions with respect to the 

transport properties of the charge carriers in the nanowire. 

 

The candidate should have a strong background/interest in solid-state physics, quantum 

mechanics and computational physics. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Sub band decomposition method for modeling nanodevices 

 

Description:  

 

The modeling of ballistic quantum transport in nanodevices usually involves a self-

consistent solution between the Schrödinger and the Poisson equations. This usually 

requires huge computer resources to obtain the current voltage characteristics. The sub 

band decomposition approach relies on the decomposition of the wave function on sub 

band eigen functions, which account for the confinement of the electrons in the whole 

structure. The method can be applied to study large 2D and 3D real systems with a drastic 

reduction of the numerical cost, since the dimension of the transport problem for the 

Schrödinger equation is now reduced in real space.  

 

The student is expected to get acquainted with the formalism and write code to 

numerically implement the formalism for either a nanowire, double gate or a graphene 

device.  

 

The candidate should have a strong background/interest in solid-state physics, quantum 

mechanics and computational physics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Promoter: M. Heyns 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Solving the Caldeira-Leggett model with balance equations 

 

Description:  

 

Considering the electron-phonon interaction Hamiltonian bilinear in the electron and 

phonon coordinates, the Caldeira-Leggett (CL) model provides an exactly solvable time-

dependent model for studying transport of electrons in a dissipative environment. On the 

other hand, a set of quantum mechanical energy and momentum balance equations has 

been developed some time ago to study the non-equilibrium features of an electron gas in 

the presence of various scattering mechanisms. In general, the resulting kinetic equations 

heavily rely on a clever choice of the constraints fixing a truncated set of non-equilibrium 

averages (energy, momentum, current, ...) as well as on the calculation of the 

corresponding Lagrange multipliers which determine the form of the (approximate) 

density matrix. In this work the balance equations will be solved for the Caldeira-Leggett 

model and the solutions will be compared with those obtained directly from the 

Heisenberg equations for the electron and phonon coordinates. In particular, the validity 

of the balance equation approach and its inherent density matrix will be critically 

assessed. Finally, the perspective of incorporating the difference between the CL model 

and the real electron-phonon interaction as a perturbation into the frictional force will be 

studied. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Using variational calculus to solve Poisson's and Schroedinger's equations 

self-consistently within a single loop: how far can we go? 

 

Description:  

 

Transport calculations for modern semiconductor devices heavily rely on the the local 

charge distribution and the related electrostatic potential established inside a device 

structure. As such, one is bound to solve the Schroedinger equation self-consistently with 

Poisson's equation and a number of constitutive equations relating the electron and hole 

concentrations to the wave functions of the quantum states and their occupancies. 

Designing appropriate numerical code to deal with this task, one is immediately faced 

with a significant computational burden due to the highly non-linear and non-local 

dependence of the charge density on the potential. Moreover, the necessity of feeding 

back the charge density into the module that solves Poisson's equation is reflected in the 

conventional, double loop that handles the fully self-consistent solution. Recently, an 

efficient but non-linear variational principle has been developed that provides a 

simultaneous solution of all equations involved, while being carried out merely within a 

single loop that minimizes a proper action functional. So far however, the necessary 

condition that the charge density be a local functional of the potential, has restricted the 

application of the principle to cases where the adiabatic approximation or local density 

approximation leads to an acceptable description of the quantum mechanical charge 

density. The purpose of this thesis is to work out the non-linear variational principle for a 

number of simple test structures (e.g. planar and/or double-gate MOS capacitors) and to 

explore any possible extension of the variational calculus beyond the local density 

approximation. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Polymer MEMS 

 

Description: In the Sensor group of MICAS, a lot of research has been conducted already 

towards the characterization of polymers for microelectromechanical structures (MEMS). 

For different materials such as SU-8, EpoClad and EpoCore, many important material 

properties (Young modulus, internal stress, poro-elastic constants) were already 

determined. Dozens of structures were fabricated in our clean room, both sensors and 

actuators. 

 

      
                                  XY-axis accelerometer                Z-axis accelerometer 

 

     
                  Thermal actuator           Thermal actuator 

 

In this thesis, the focus is on studying the internal stress of polymers and specifically on 

the possibilities of influencing it by changing process parameters. The goal is to optimize 

an existing fabrication process for polymer MEMS actuators. The reason for this is the 

complex interaction between the structural material, a polymer, and the metallization 

layer for the transfer of electrical signals. 

 

Promoter: Prof. Robert Puers (Robert.Puers@esat.kuleuven.be)  

Faculty/research group: ESAT-MICAS 

Daily supervision: Pieter Gijsenbergh (Pieter.Gijsenbergh@esat.kuleuven.be) and 

Tiannan Guan (Tiannan.Guan@esat.kuleuven.be)  

Graduating option: Engineering 

Type of work: 15% literature study, 25% simulation, 50% practical work, 10% text 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title:   Preparation and characterization of Work Function metal capacitor stacks 

 

Description:  

 

The core of the field effect transistor is the gate capacitor, consisting of a metal-oxide-

semiconductor (MOS) stack. The use of oxides with a high dielectric constant requires a 

thin metal layer with an appropriate work function. This work function is defined as the 

energy between the highest occupied electron orbital and the vacuum level and 

determines the band alignment of the metal with the oxide and semiconductor.  

 

Work function metals are deposited by atomic layer depositions (ALD) in which different 

precursors are alternately introduced in a low pressure reactor. To obtain an estimate of 

the effective work function of these metals, electrical characterization has to be done on a 

MOS capacitor. To manufacture such a test structure requires a partial removal of metal 

layers by chemical etching.  

 

The focus of this internship will be on the manufacturing and characterization of 

capacitor MOS structures. This involves a manual approach in removal of the metal by 

liquid etchants and hands-on electrical measurements.  

  

During this internship there is opportunity to work on state of the art ALD tools inside the 

micro-electronic production environments. Etch chemistry of the different metal layers 

will be investigated. Electrical characterization of capacitors will be used to evaluate the 

effectiveness of etch processes and to investigate the effective work function of the metal. 

Obtained results might be suitable for scientific publication. 

 

 

 

 

 

 

 

 

Promoter: Stefan De Gendt, Annelies Delabie  
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 Master Nanoscience and Nanotechnology 

 

Thesis title:   All solid-state lithium ion batteries: wet chemical methods 

 

Description:  
Lithium ion batteries (LIB) capture about 70% of the portable electronics market and will gradually replace 

the nickel-metal hydride batteries in hybrid electrical vehicles (HEV). The energy and power density of 

existing battery technology is however not sufficient for economically viable fully battery operated vehicles 

(EV). Also, as personal electronic devices become smarter (more functions) and smaller at the same time, 

the cry for more battery power in smaller volumes grows. In many devices the battery already takes up 

most of the available space. The issue is even more imperative for microsystems where battery power is 

needed for autonomous operations in e.g. wireless sensor networks (WSN), body area networks (BAN) and 

medical implants. Therefore, innovations in battery technology are badly needed and the inclination for 

disruptive technologies grows. 

 

The main focus of battery research typically lays in material innovation; i.e. search for novel chemistries, 

improvements in design through nanotechnology and optimization of the liquid electrolyte chemistry. 

However, battery issues such as limited lifetime and slow charging rate are related to poorly controlled 

interfaces and to the use of liquid electrolytes. Solid electrolytes are being explored to replace the 

flammable liquid electrolyte. Next to solving the issues with safety, the transition to a solid-state electrolyte 

would mean significant improvements in the battery performance as well: higher energy density, longer 

battery life time and wider temperature range of operation. This concept allows direct integration with 

microsystems such sensors or implants. For these micro-batteries CMOS materials and processing can be 

(re)used. Ideas for innovation in battery technology can also come from the IC industry, where the 

downscaling of the transistor has driven tremendous research efforts into new materials and 

nanotechnology. For example, in CMOS technology interfaces are controlled at the atomic scale compared 

to micron thick interfacial layers which exist in batteries due to decomposition of electrode and liquid 

electrolyte.  

 

In this project you will fabricate and characterize all solid-

state thin-film batteries (see image). You will investigate 

wet chemical methods fabricate electrode and electrolyte 

materials. Some of the layers need combined techniques e.g. 

by lithiation of oxide films. Several techniques are used 

depending on the material under investigation; atomic layer 

deposition (ALD), chemical vapor deposition (CVD), 

electrochemical deposition (ECD) and chemical solution 

deposition (CSD). Therefore you will have to collaborate 

with the other team members working to synthesis the full 

stack. You will use impedance spectroscopy to characterize 

the ionic transport in the electrolyte and over the formed 

interfaces. You will use both dry and wet battery testing 

using voltammetry and galvanic charge/discharge cycling. For this topic a background in materials and 

chemistry with strong interest in electrochemistry and physics is desired. 

 

Promoter: Stefan De Gendt 

Faculty/research group: / 

Daily supervision: / 

Graduating option: Natural Science or Engineering 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Investigation on laser enabled boron doping activation for novel silicon solar 

cell concepts      

 

Description:  

Silicon solar cells are the working horse in photovoltaics (PV) industy by a market share 

of more than 85% of the modules produces for roof top installations. The request for 

cheaper modules and finally reach grid parity is translated to a need for thinner solar cells 

with an increase in conversion efficiency. In order to reach this goal novel cell concepts 

have to be developed for implementation in industrial process lines. IMEC’s PV 

department is working on these novel cell concepts to accelerate the development toward 

lower cost/watt peak for solar energy production. 

After the implantation of dopants into silicon, the implanted species, like boron, have to 

be activated in order to get electrically active, providing a higher carrier concentration. 

This effect is used on p-type silicon base material to perform highly doped regions on the 

rear side of the solar cell. These back-side fields (BSF) are passivating the surface by 

repelling negative charges from the interface. Conventionally the post-implantation 

activation is performed by a thermal treatment using a furnace. In the case of boron this 

can go above 1000C. This high thermal budget could be avoided by laser annealing of the 

boron doped silicon layer. The post-implantation laser annealing has been already 

successfully introduced in CMOS devices and is studied now also on silicon solar cells. 

The substitution of the high temperature furnace annealing by laser annealing has the 

potential to reduce seriously the cost/watt peak in cell manufacturing.  

  

The student will participate in the team that investigates boron implanted BSF schemes 

on their physical and electrical properties and implement the highly B-doped layer into 

silicon solar cells. Characterizing methods like SIMS and minority carrier lifetime 

measurements are used to determine the layer performance. The student will be trained 

on advanced silicon Solar Cell BSF development, characterization and the interpretation 

of the achieved results. 

 

 

 

Promoter: Jef Poortmans 

Faculty/research group: FIW/IMEC/PV department 

Daily supervision: Angel Uruena 

Graduating option: Engineering 

Type of work: experimental 

Number of students: 1  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Investigation on laser enhanced metal-silicide formation for novel front 

contact schemes on Silicon Solar cells      

 

Description:  

Silicon solar cells are the working horse in photovoltaics (PV) industy by a market share 

of more than 85% of the modules produces for roof top installations. The request for 

cheaper modules and finally reach grid parity is translated to a need for thinner solar cells 

with an increase in conversion efficiency. In order to reach this goal novel cell concepts 

have to be developed for implementation in industrial process lines. IMEC’s PV 

department is working on these novel cell concepts to accelerate the development toward 

lower cost/watt peak for solar energy production. 

While in today’s production the contact formation is mainly performed by thick film 

techniques like printing metal containing paste through patterned screens, thinner cells 

(well below 150um) requires more and more non-contact metallization techniques like  

light induced plating. A second requirement is the mitigation from rather expensive silver 

containing contacts towards silver-free metallization concepts like copper based contacts. 

In the IMEC PV department different metal contact schemes are investigated, like 

Ni/Cu/Ag stacks, etc. The nickel layer typically is deposited 1um   thick acts as a  barrier 

layer. In order to provide a reliable adhesion of the front contact, a NiSi layer is formed 

under thermal annealing. The silicidation process can be performed in a furnace heating 

up the whole device or preferred locally with a laser annealing process.  For solar cell 

processing laser annealing is interesting due to the potential to improve control over the 

silicidation process and limit diffusion of nickel towards the junction. Enabling new cell 

architectures  and enhanced cell efficiencies.  Further advantages are seen due to the 

localised heating effect enabling for example temperature sensitive rear passivation 

schemes to be employed.   

The student will participate in the team that investigates Copper based front contact 

schemes on their physical and electrical properties and implement the contact layer stack 

into silicon solar cells. Characterizing methods like TLM and pseudo fill factor 

measurements are used to determine the contact performance. The student will be trained 

on advanced silicon Solar Cell contact development, characterization and the 

interpretation of the achieved results. 

 

Promoter: Jef Poortmans 

Faculty/research group: FIW/IMEC/PV department 

Daily supervision: Loic Tous, Richard Russell 

Graduating option: Engineering 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Circuit modeling of interconnection schemes for Thin Film PV modules 

 

Description:  

Next to Si-based solar cells, devices based on chalcogenide thin films, such as CdTe and 

Cu(In,Ga)(Se,S)2 (CIGS), are at the forefront in thin film solar cell technology. CdTe 

solar cells are now the largest thin-film technology in production with typical commercial 

module and record cell efficiencies of 10% and 16.7%, respectively. In the meantime, 

CIGS technology, as the main thin-film competitor, has reached module and cell 

efficiencies of 9%–12% and 20.1%, respectively. Thin Film-PV (TF-PV) modules have 

to compete with present efficiencies of silicon solar cells above 20%.  

Although lab efficiencies for CIGS cells are above 20%, module efficiencies are typically 

below 13%. Part of this drop in efficiency can be attributed to the problem of scalability 

of the absorber material to large areas. But careful first analysis has shown that a 

substantial part (>2-4% in absolute efficiency) of the efficiency reduction can be 

attributed to the interconnection scheme used in TF-PV.  

The goal of this master thesis is first to build –up a circuit model for TF-PV modules, 

using a realistic solar cell equivalent circuit. The program SPICE will be used for 

building this circuit model. The model will be build for different interconnection concepts 

in order to calculate for each of them the efficiency reduction under realistic solar module 

working conditions. This will allow optimizing the interconnection scheme in TF-PV 

modules and finding a balance between more complex interconnection schemes (i.e. 

higher cost) and an increased efficiency (i.e. higher gain).  

Besides optimized interconnection schemes, also the impact on module efficiencies of a 

local defect in the absorber layer will be simulated. This can be done by using existing 

equivalent circuit parameters for some of the known TF-PV defect modes and 

implementing these parameters in the SPICE model.   Also in this case, different 

interconnection schemes will be simulated to calculate the robustness of the module 

efficiency versus the existence of certain defects in the TF-PV module.   

Dependent on the simulation results, even the introduction of extra active or passive 

components in the thin film circuit can be evaluated in order to evaluate the robustness of 

the TF-PV module efficiency against defects. 

 

 

 

Promoter: Jef Poortmans 

Faculty/research group: PV-EXPLORE 

Daily supervision: Marc Meuris, Francky Catthoor 

Graduating option: Engineering or Natural Science  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Deposition and characterization of a-Si layers to passivate epitaxial emitters 

on thin silicon foils on glass 

 

Description:  

Solar energy is the most promising renewable energy source that will replace traditional 

carbon-based energy. However, the price is still hampering the breakthrough for 

commercial use.   

To reduce the cost, a reduction of the thickness of the silicon substrate up to a 40-um thin 

foil is proposed.  This foil is epitaxially grown on a mechanically weak layer and 

detached from its parent substrate after bonding to a glass carrier. In this way, cheap but 

high quality substrates are created.  

However, this new type of ‘bonded’ substrates cann’t be processed as a standard silicon 

wafer. All processes need to be compatible with the material that is used for bonding: 

existing processes need to be adapted or new techniques need to be used. 

 

To obtain high efficiency solar cells from this type of substrates, passivation of the front 

and rear surface are very important.  Front-side processing is done before bonding of the 

epitaxial foil and therefore existing processes can be used. 

The focus of this project is situated in the passivation of the rear-side of the epitaxial foil, 

where the emitter is located.  The growth of amorphous silicon (a-Si) of a few 

nanometers will be used to passivate the p-type epitaxial emitter.   

First, an existing process for standard wafers will be adapted and optimized for the 

epitaxial emitter on the bonded foil.  Secondly, this process will be integrated in the full 

solar cell process flow to create the first epi-foil solar cells. 

 

Experimental : 60% 

Theory: 20% 

Literature: 20% 

 

For further information of for application please contact Kris Van Nieuwenhuysen by 

email: kris.vannieuwenhuysen@imec.be 

 

 

 

Promoter: Jef Poortmans 

Faculty/research group: 

Daily supervision: Kris Van Nieuwenhuysen 

Graduating option: Engineering or Natural Science  

Type of work : Experimental 

Number of students: 1  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Additive processing of organic photovoltaic modules 

 

Description:  

With renewable energy production amassing momentum, thin-film photovoltaics is 

receiving strong attention and in particular organic photovoltaics (OPV) is emerging as a 

serious contender. OPV differs from traditional silicon based solar cells by the use of 

carbon-based absorbing materials. These materials are easily processable, either by 

vacuum evaporation or solution based deposition. Solutions can be deposited using roll-

to-roll compatible processing techniques like gravure printing or spray coating. This, in 

combination with the low process temperature required, creates opportunities for 

processing on a multitude of substrate types, including foils and textiles. 

 

Recent developments have focused on efficiency enhancement on the single cell level, 

with active areas below 1 cm². However, due to the inherently low charge carrier 

mobilities of organic materials, the process of upscaling poses considerable 

complications. One of the more promising techniques for upscaling connects several 

smaller cells together in a monolithic series connection. In order to create the 

interconnection of these subcells, several patterning steps are required. Most patterning 

steps use subtractive processing techniques: material is first deposited everywhere, and is 

then locally removed in a subsequent step. In this thesis, the aim is to study and develop 

additive processing techniques, where the different layers of the OPV cell can be 

patterned during deposition. In this way, material consumption is minimized, and a 

broader selection of substrates can be used. 

 

Different patterning techniques will be studied, first using more conventional, sheet-

based processing. In a next step, the process will be transferred to a roll-to-roll applicable 

tool, with prospective candidates being inkjet and aerosol printing. Once the patterning is 

developed, complete OPV modules will be fabricated, and the power conversion 

efficiency will be benchmarked against more conventional subtractive patterning 

techniques.  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Development of microbellow pneumatic actuators 

 

Description: Pneumatic and hydraulic microactuators are far superior in delivering high 

actuation forces at increased power densities compared to other actuation principles such 

as electrostatic, electromagnetic, piezoelectric and thermal actuation.  Typical 

applications of these microactuators include refreshable Braille displays and pneumatic 

valves and pumps in microfluidic systems. 

 

The aim of this project is to develop a microfabrication process of microbellow type 

actuators (see figures below) as well as to characterize their actuating performance. 

Microbellows have the advantage that the power stroke is mainly one-directional. The 

bellows will be based on Parylene. Parylene is the tradename for a variety of poly(p-

xylylene) polymers which can be deposited from the gas phase and have excellent 

mechanical and sealing properties. The project involves the research for the right 

combination of clean-room deposition techniques to create such bellows. The final goal 

of this project is to create a miniaturized demonstrator, diameter <.5 mm and with a 

stroke of >.5mm.  

 

 
(left) Scanning electron microscope picture of an electroplated metal stack, serving as mold 

for the microbellow actuator; (right) schematic representation of the intended parylene 

based microbellow 

 

The thesis involves the following tasks:  

- A concise literature study to get yourself acquainted with the subject and previous 

 work (10%); 

- Microfabrication and process optimization (in clean room) (50 %); 

- Mechanical characterization of the microbellows (20 %); 

- Text and defense (20%).  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Reliability testing of c-Si solar cells with Cu plated metallization 

 

Description:  

The use of electroplated Cu is currently being investigated as a replacement of the 

standard Ag screen printed front side metallization in c-Si solar cells. Apart from the 

obvious lower raw metal cost, other benefits of Cu are the potential for increasing the 

efficiency by reducing the front surface shading area, lowering the overall resistance and 

limiting the recombination losses. Despite these advantages, due to the required 20-to-25 

years of customer warranty, the module manufacturers are still rather reluctant for 

introducing such new materials with an unknown track record of in-the-field 

performance.  Therefore, further investigation of the reliability is still needed before 

industrialization can occur. 

In general, the qualification procedure for PV modules involves the application of 

standardized test protocols (IEC-standards). For new technologies like Cu-metalized 

cells, other degradation mechanisms may become more dominant and current 

qualification tests may no longer be relevant. For instance, Cu is known to be more 

sensitive to thermal and humid environments compared to Ag and therefore adjustments 

of the currently used standard test conditions may be needed.  

 

In order to get a better understanding of potential new failure mechanisms, various 

accelerated ageing tests (thermal ageing, humidity testing...) will have to be performed. 

The objective of this work is to define a correlation between environmental testing 

conditions and cell performance. This includes testing finished solar cells and monitoring 

the different cell parameters as function of the applied environmental conditions. On top 

of this, the aim is also to define and prepare other (simplified) electrical test structures 

and measure the impact of the presence of Cu on these device characteristics. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Sensor array for surface pressure measurement   

 

Description:  

 

The measurement of internal stresses in mechanical structures give mechanical designers 

information about the behavior due to external applied forces. Finite element simulation 

can give, in a lot of cases, the required information for the designer. But in some cases 

there is need for real live measurements to analyze e.g. stress concentration and/or wear-

out. Color changing tactile pressure indicating sensing films exists but can’t read out in 

an electronic way. Pressure sensors and systems, like the Tekscan ® once, enable 

electronic acquisition of real time tactile pressure data and images. Both existing systems 

make use of an intermediate sensing layer and can’t build in. The integration of an low 

power multi axis stress sensor array could result in unseen mechanical stress feedback 

and facilitate possible new end user features 

 

The objective of this master’s thesis is to design an small and low power sensor for 

measuring multi axis stress components, known as stress tensor, in plastic sensing layer, 

like PVC and others fig 2-3. After a profound literature study, the student will design and 

validate the stress sensor with e.g. finite element-simulation fig 1. Acquired  simulation 

data should be analyzed to understand the relation between sensor data and external 

applied forces. Possible sensor implementation and in context measurement could finalize 

the design cycle. 

 

 
fig1.    fig 2.    fig 3. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Flexible and stretchable electronic artificial skin design and fabrication 

 

Description:  

 

The development of an electronic skin is critical to the realization of artificial intelligence 

that comes into direct contact with humans, and to biomedical applications such as 

prosthetic skin. To mimic the tactile sensing properties of natural skin, large arrays of 

pressure sensors on a flexible and stretchable substrate are required. 

 

In this master thesis, an expandable electrode network interconnected by conductive 

microwires in serpentine structures will be designed and optimized as shown in Fig. 2. 

This electrode network can be made of conductive polymer, such as PEDOT or carbon 

nanotube/PDMS composite. Then it will be further embedded in a PDMS flexible 

substrate. Resistivities between any two nodes shall be monitored. Upon application of 

external pressures, the distortion of the interconnects in between electrodes will cause a 

change of measured resistivity, which can be translated into the pressure profile applied.  
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skin for robotic applications.   

Fig. 2: Expandable electrode network. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Autotransporter based biotechnological applications: tweaking at the 

nanoscale level 

 

Description:  
Proteins are biological macromolecules that drive biological processes at a nanometer scale. Changes to the 

nucleotide sequence will result in a protein with an altered function. In this master project a bacterial 

membrane protein of Pseudomonas stutzeri A15 will be used as the scaffold for designing proteins that can 

be used in biotechnological applications with environmental relevance. 

This protein is a member of the class of autotransporter proteins. Autotransporters consist of a modular 

structure with an N-terminal signal peptide, a passenger domain and a translocator domain. The translocator 

domain is incorporated in the bacterial outer membrane and serves as a membrane anchor for the passenger 

domain which is presented at the cell surface. This passenger domain contains the functional part of the 

protein. Replacement of the passenger domain, at the level of the gene, with a different passenger domain 

results in a hybrid protein. The new passenger domain will be exposed at the cell surface where it can 

execute its specific function. The original translocator domain therefore can serve as the scaffold for 

surface display of a multitude of proteins with an interesting function. 

The bacterium used in this master project, Pseudomonas stutzeri A15, is a member of a very nutritionally 

versatile bacterial species and hence ideal for the use in a wide range of biotechnological applications with 

environmental impact. The autotransporter protein of this bacterium was recently characterized. In this 

master project, this autotransporter protein will be characterized for the optimization of surface display 

vectors and the expression of enzymes with environmental relevance. 

The master thesis project includes: 

(1) Design, optimization and characterization of expression constructs for surface display in 

Pseudomonas stutzeri A15. 

(2) Use of the expression constructs for surface display of a protein of interest. Evaluation of the 

enzymatic activity and surface accessibility. 

(3) Use of the expression constructs for expression of biofilm-inhibiting/destroying enzymes. 

Evaluation of their enzymatic activity and surface accessibility.  

 

Techniques used in this master thesis project:  

(1) General molecular techniques used in cloning (PCR, restriction analysis, ligation, 

transformation,…) 

(2) Fluorescence microscopy 

(3) Fluorescence-activated cell sorting (FACS) 

(4) Biochemical techniques for protein characterization (SDS-PAGE, Western blot and cellular 

fractionation). 

(5) Enzymatic assays (esterase activity and protease treatments) 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Predictive, self-adaptive analog-to-digital converter 

 

Description:  

Sensors become increasingly important in today’s society, and at the same time get more and 

more networked. A growing range of applications, such as Wireless Sensor Networks 

(WSN), Cyber-Physical Systems (CPS), natural user interfaces, the Internet Of Things (IoT), 

WEB3.0, etc. will make sensors ubiquitous. These systems can help us solving problems, 

such as improving health care (e.g. monitoring the health of individuals), improving traffic 

control and safety, monitoring the environment (e.g. air pollution), etc. However, to 

implement these systems, the energy consumption of such always-on sensors should decrease 

with an order of magnitude compared to current state-of-the-art. Innovative techniques such 

as compressed sensing and predictive sensing can help achieving this goal. 

Both compressed sensing and predictive sensing target to save power/energy consumption in 

hardware. Compressed sensing, under-samples a sparse sensor signal below the Nyquist rate, 

which results in less energy consumption. An example is the monitoring of an ECG signal 

with a wireless sensor node. In predictive sensing, energy consumption is saved by predicting 

the next sensor value with digital logic. This prediction allows to sample the signal with a 

sub-set of the complete ADC, saving a lot of energy. This of course at the cost of increased 

digital complexity. 

This thesis will explore predictive and compressive sampling at architectural level. The 

benefits and implementation complexity of predictive and compressive sampling will be 

assessed. To this end, a model of the novel sampling systems will be built in Matlab and 

profiled under various use cases (e.g. sound processing, biomedical signal processing, etc.). 

Next the opportunities to apply these techniques in different (reconfigurable) ADC topologies 

(SAR, Flash, etc.) will be compared. Finally, an energy-efficient machine learning algorithm 

for sample prediction will be developed and implemented in digital hardware. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Self-learning, stepped sensor interface 

 

Description:  

With the miniaturization of electronic hardware, it becomes feasible to take portable 

devices equipped with sensors with us every time of the day. Many applications build on 

this to provide us more direct feedback on our well-being and our environment, or to 

provide context-aware services. However, the energy consumption of the required 

always-on sensors impedes its practical realization as it is currently infeasible to keep a 

collection of sensors continuously activated on our mobile devices. A good example is a 

microphone with advanced sound/speech processing like iPhone's Siri, to e.g. detect 

certain keywords being spoken, or certain persons being present (now only works after 

pushing a button, not always-on). 

This thesis will explore a stepped-sensing interface for such always-on sound sensor. The 

flexible interface is capable of operating in several modes and to selectively disable and 

reconfigure several sub-blocks (digital blocks as well as processor subsystems). This 

allows to at any time provide the minimal performance required under current 

circumstances, so consuming no more energy than necessary. Through deeply embedded 

machine learning at the hardware level, the smart interface autonomously determines 

when it should switch from one mode to another, depending on current operating 

conditions and on experience built up over time. All of this finally has to happen with 

minimal hardware footprint, in order to not penalize the total system’s energy 

consumption. An FPGA implementation is targeted. 
 

 
Figure 1: The wireless sensing subsystem auto-configures towards optimal energy consumption 

under the present operating conditions, usage pattern and application requirements. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Custom processor design for wireless sensor nodes 

 

Description: 

Wireless sensor nodes are increasingly used to continuously monitor and log several vital 

parameters concerning our environment and our health. This ranges all the way from 

simple presence monitoring systems in our houses, to advanced “human black boxes” 

which monitor our daily activities. The nodes used for this task, are typically built out of 

one or more sensors, a wireless communication block, and a simple micro-processor. The 

micro-processors used in these nodes are however far from optimized for the dynamic 

and data-driven workloads they are dealing with. 

Recently, several companies started to provide tools to develop customized processors: 

Processors whose instruction set, memory architecture and even internal parallelism can 

be adapted to the target application. This allows to save at least an order of magnitude on 

the processors energy consumption. A careful balancing of the processor flexibility and 

the application specificity is however required. In this thesis, we will use such a tool from 

Synopsys to develop a customized processor for wireless sensor nodes in a “human 

black-box” logging scenario. The challenge of this work, is to build a processor which 

can operate efficiently under the widely varying workload of such scenario, as the 

parameters to log are heavily user, context and environment dependent. This will require 

the design of a reconfigurable processor, which can efficiently adapt to a range of 

performance requirements. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Compressive and predictive sampling for oscillator-based sensor interfaces 

 

Description:  

Sensors become increasingly important in today's society, and at the same time get more 

and more networked. A growing range of application domains, such as Wireless Sensor 

Networks (WSN), Cyber-Physical Systems (CPS), the Internet Of Things (IoT), WEB3.0, 

etc. will make sensors ubiquitous. All these applications have one thing in common: smart 

sensing. These systems can help us solving problems, such as improving health care (e.g. 

monitoring the health of individuals), improving traffic control and safety, monitoring the 

environment (e.g. air pollution), etc. However, to implement these systems, the power or 

energy consumption of these systems should decrease with an order of magnitude 

compared to the current state-of-the-art. Innovative techniques such as compressed sensing 

and predictive sensing can help us achieving this goal.  

Both compressed sensing and predictive sensing target to save power/energy 

consumption in hardware. Compressed sensing under-samples a sparse sensor signal 

below the Nyquist rate, which results in less energy consumption. An example is the 

monitoring of an ECG signal with a wireless sensor node. In predictive sensing, energy 

consumption is saved by predicting the next sensor value with digital logic. This 

prediction allows to sample the signal with a sub-set of the complete sensor interface, 

saving a lot of energy. This of course at the cost of increased digital complexity.  

In this thesis these techniques to decrease the energy consumption should be explored and 

applied to current sensor interface architectures. The focus of this thesis is on the 

hardware low-level, rather than on the architectural high-level. In a first stage a literature 

study on these techniques should be done to become acquainted with the current 

techniques. In a second stage one of these, or multiple, techniques should be applied to a 

state-of-the-art sensor interface. The ultimate goal is to breach the current trade-off 

between power and performance, so we can advance the current state-of-the-art with an 

order of magnitude. The results of the research will be bundled in what will be the final 

thesis, which is the last stage of the thesis trajectory. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Exploring signal transduction pathway via tyrosine-kinase receptor in 

mammalian cells by superresolution microscopy 

 

Description:  

Cells in multicellular organisms use extracellular signaling molecules such as hormones 

and growth factors to communicate with each other. A receptor on the plasma membrane 

senses an extracellular signal and transduces it into an intracellular signal to trigger an 

appropriate action such as growth, division, and differentiation. This project aims to 

explore a series of intracellular signal transduction pathways by superresolution 

microscopy. A receptor of epidermal growth factor (EGF) is one of well-known tyrosine-

kinase receptor in the plasma membrane. Upon EGF binding, EGF receptor dimerizes, 

which leads to trans-autophosphorylation. The phosphorylated EGF receptor forms a 

signaling complex with downstream molecules, namely adaptor proteins such as Grb2 

and Shc, effector proteins such as Sos and c-Cbl, and small G proteins such as Ras. The 

reactions on the EGF receptor molecule and its interactions with the downstream 

molecules take place on the plasma membrane. Recent studies have revealed 

heterogeneity in the spatial distribution of the lipids molecules composing the plasma 

membrane. Such heterogeneity is often referred to membrane rafts. Some proteins on the 

plasma membrane are also not uniformly distributed, but forming clusters so-called 

microdomains. It has been proposed that microdomains containing EGF receptor 

molecules serve as a platform for the EGF signaling; the EGF receptor and some 

downstream molecules are co-existing in the microdomains ready for interaction, which 

makes molecular interaction more efficient. The proposed size of such microdomain is 

just a few hundred nanometers or less, which is smaller than the resolution of optical 

microscopy determined by the diffraction limit of light. Recently a few microscopic 

modalities so-called "superresolution microscopy" have been developed to circumvent 

the diffraction limit. One of the superresolution microscopy techniques, photoactivated 

localization microcopy (PALM), is mainly employed in this project. PALM is based on 

the photoswitching property of fluorophores (e.g. photoswitchable fluorescent protein) 

and requires dedicated probes to visualize molecules. This project starts from the 

development of probes to visualize the functional molecules responsible for the signal 

transductions by genetic engineering. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Following the dynamics of PLC in live cells at the single molecule level 

 

Description:  

Phospholipase C (PLC) plays a crucial role in the intracellular Ca
2+

 signaling cascade. 

Ca
2+

 is one of the most important second messengers in cells. The concentration of Ca
2+

 

in the cytosol is kept at several tens nM, which is five orders of magnitude lower than the 

concentration in extracellular space or than in the endoplasmic reticulum (ER) located 

Ca
2+

 stores. There are Ca
2+

 channels on the plasma and ER membranes, and opening of 

these channels evokes Ca
2+

 signals by increasing the cytosolic Ca
2+

 concentration. 

PLC is a key modulator of the Ca
2+

 concentration. PLC-β and PLC-γ are activated by 

various G-protein-coupled receptors and tyrosine-kinase-coupled receptors, respectively. 

The activated PLC cleaves phosphatidylinositol bisphosphate (PIP2) on the plasma 

membrane into diacylglycerol and inositol 1,4,5-trisphosphate (IP3). Liberated IP3 binds 

to IP3 receptor (IP3R), which forms a Ca
2+

 channel on the ER membrane, and evokes the 

Ca
2+

 release from the ER. 

Spatiotemporal regulation of the Ca
2+

 concentration should be critical for proper 

signaling, since the Ca
2+

 is incorporated in multiple signaling cascades. There are a lot of 

studies to analyze Ca
2+

 dynamics directly with various fluorescent Ca
2+

 indicators, but 

knowledge of their upstream molecules is limited due to difficulty to monitor their 

activities. 

 

In this project the student will use advance single molecule fluorescence microscopy 

techniques to monitor the PLC activity while simultaneously monitoring the Ca
2+

 

concentration in the cytosol. The aim of this study is to provide new insights into the 

dynamics of PLC in live cells at rest as well as under agonist stimulations. 

This project starts from development of probes to visualize functional molecules involved 

in the PLC signaling pathway by genetic engineering. These probes will then be used for 

single particle tracking and high resolution fluorescence microscopy. 

 

 

 

Promoter: Hideaki Mizuno 

Faculty/research group: Faculty of Science / Biochem., Mol. and Struct. Biology 

Daily supervision: Susana Rocha 

Graduating option: Natural Science 

Type of work: Experimental 

Number of students: 1 

28



 Master Nanoscience and Nanotechnology 

 

Thesis title: Reliability issues in Bulk Finfet for analog applications 

 

Background: Finfet (or Tri-Gate) are non-planar transistors used for sub-22nm CMOS 

technologies. Besides the reduced (sub-20nm) dimensions, the 3D effects enable to make 

a clear advantage of high channel mobility towards supply voltage reduction. This is very 

important towards ower reduction for logic applications. 

However supply voltage scaling poses problems when one wants to use this technology 

for analog applications as well (imagine a wifi-compatible architecture where logic 

devices and analog amplifiers are on the same chip) as the reduced bias may create 

unforeseen problems in the non-linearity of the device as well as a reliability concern (= 

new SiGe semiconductor considered).  

 

Objective: 1) determine basic analog parameters in these finfet structures (maximum 

cutoff and oscillation frequencies, gain, matching, etc.) and compare to standard planar 

technologies. 2) Determine whether we have a reliability issue with these devices and if 

yes on which analog parameter. Long term stress experiments are foreseen either by hot 

carrier or bias temperature instability. 

 

Work to be done: state of the art imec technology on 22nm CMOS node (finfet) with Si 

and SiGe devices will be considered. The software for measuring is already available and 

therefore the student will be able to start as of day 1 by looking into devices and stress 

effects. 

 

Expected results: 

a) finfet architecture sensitivity to stress (reliability) and non-linearity effects. 

b) As there is no literature on finfet reliability and SiGe, the outcome will be original. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Embedded semiconductor nanoparticles and nanowires characterized by 

electron spin resonance  

 

Description:  

 

Part of the enhanced attention paid to solid state nanoparticles derives from the interest in 

the study of changing fundamental properties of solids when size is reduced down to the 

nanoscale. A separate class concerns semiconductor nanoparticles embedded in 

dielectrics, particularly studied for interesting properties, such as remarkable 

photoluminescence, and potential for (memory) electronic devices.  

 

In these phenomena, occurring point defects commonly play a crucial role, of 

fundamental impact, making their characterization, and much hoped for, ultimate 

identification, main targets. In the current work, electron spin resonance (ESR) is applied 

as a prime non-destructive technique to attain identification on atomic scale, 

simultaneously enabling probing of the immediate atomic and structural environment.  

 

Part of the work to be carried out implies assisting in taking ESR data at low 

temperatures and simulation of relevant parameters to infer relevant parameters. 

Interpretation on the basis of underlying theories will reveal specific particle properties. 

 

Of current interest are Si and Ge particles embedded in various dielectric matrices as well 

as Si nanowires embedded in SiO2, the research being carried within continuous 

international collaboration. This is done in conjunction with application of electrical 

studies to infer properties such as charge trapping and altering band structure properties.  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: First-principles modeling of high-mobility semiconductors/insulator 

interface  

 

Description:  

 

A next step in boosting progress and performance of semiconductor devices implies, in 

replacement of the current Si, incorporation of semiconductors of higher intrinsic carrier 

mobility. When introduced at the nano scale, this will require new analysis and physics 

insight. Understanding the fundamental properties of such gate stacks is important in 

order to understand their behavior in devices.  

 

The work to be performed encompasses computation and modeling the structural and 

electronic properties of interfaces of high-mobility semiconductors (e.g., Ge, GaAs) with 

high-quality metal oxide insulators, based on density functional theory. A second point of 

interest includes 2 dimensional carbon (graphene) and Si layers with main focus, besides  

practical stability, on band structure and transport properties.  

 

As a propelling tool, the results will be correlated, when possible, to experimental results 

obtained through structural and electrical observations.  

 

This work will be performed in collaboration with IMEC. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Internal electron photo-emission in nano-layers and nano-structures 

 

Description:  

 

The energy spectrum of electron states in nanometer-thin insulating layers and at their 

interfaces with, e.g., semiconductors (Si, Ge, AIIIBV,  etc.) can be characterized into great 

detail using observations of optically-induced electron transitions across the interface (the 

internal photo-emission effect, as compared to the better known classical solid/vacuum 

photoelectric effect ingeniously described way back by A. Einstein). This method allows 

the most straightforward and unique determination of the fundamental energy parameters 

of a two-solids nanostructure, like band gap, height of energy barriers and band offsets at 

the interfaces.  

 

The spectroscopy of internal photoemission will be applied to the study of insulating 

materials currently tested for use in new novel micro-and nanoelectronic devices, this 

within a framework of international collaboration, including IMEC. 

 

Part of the experimental work will imply electrically contacting a basic heterostructure  

and measure photoemission currents through a computerized monitoring system.  

 

Among the targeted results, the student should acquire the skill of inferring interfacial 

band offsets at a newly conceived semiconductor/insulator heterostructure based on the 

understanding of the physical processes occurring during carrier emission. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Alternative assembly technologies for next-generation c-Si PV modules 

 

Description: 

 

Photovoltaics have always been mainly (over 80%) based on c-Si solar cells, and this will 

continue to be the case for the foreseeable future. The module technology used for 

connecting and protecting these cells likewise has been established already quite some 

time ago and has proven its worth with operational lifetimes exceeding 20 years in harsh 

outdoor conditions. 

 

However, cost (and other) considerations are continuously pushing technology 

development towards higher performance, longer lifetimes and cheaper materials and 

processing. But while this pressure has in the past mostly been focused on cell 

development, also module technology is now being pushed towards such improvements. 

 

With this in mind, imec is developing a module concept, coined i-module, that provides 

an alternative for the currently standard technology for making modules. The standard 

technology is based on stringing of cells for electrical interconnection and subsequent 

EVA lamination for encapsulation of these strings between a (transparent) front- and 

backsheet, whereas the i-module targets first bonding of the cells using a silicone 

adhesive, and only after attaching them to the glass, interconnect them. This way, the 

fragile cells are supported as much as possible during module manufacturing. In addition, 

other components may be incorporated at the same level as the cells for additional 

functionality of the module. 

 

In this topic, the idea is to investigate the possibilities and limitations of the involved 

technologies, as silicone bonding, electrical interconnection and encapsulation. 

Afterwards, the manufactured assemblies are evaluated. 

 

 

Promoter: Jef Poortmans 

Faculty/research group: imec-PV-explore 

Daily supervision: Jonathan Govaerts 

Graduating option: Engineering 

Type of work: experimental 

Number of students: 1 or 2 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Self-assembly of supramolecular protein structures on surfaces 

 

Context:  

Biomolecule-based synthetic nanostructures constructed by self-assembly are in high 

demand for development of biomaterials because of their biocompatibility, 

biodegradability, and defined morphology. In particlular, protein assemblies have 

potential to be used in practical applications in fields such as tissue engineering, 

biomineralization, light harvesting , cascade reactions and drug delivery systems. Proteins 

may also prove to be attractive building blocks for artificial superstructures because their 

well-defined structures have high recognition ability and specific reactivity towards target 

molecules. 

 

Objective: 

The Aim of this project is to build chemical or biological nanostructures on surfaces to 

create new artificial bio-nanomaterials. In the first instance the candidate will self-

assemble monolayers of a protein structure atop of graphite (graphene) or gold surfaces. 

Then, specific binding groups will be introduced genetically or by targeted chemical 

modifications within the protein structures. This will allow growing 3D self-assembled 

substrates, layer by layer with well-defined structues.  

 

Work to be done:  

First, you will optimize the protocol for reconstituting biological nanostructures on gold 

or graphite or graphene substrates. You will investigate the self-assembly of molecules on 

top of the substrate by state-of-the-art microscopy tools such as scanning probe 

microscopy, and in particular scanning force microscopy. Once 2D protein structure will 

be characterized, you will introduce another layer of biological structures in order to form 

3D films of protein structure with controlled stoichiometry.     

 

 

 

 

Promoter: Prof. Steven De Feyter (Chemistry), Prof. Giovanni Maglia (Biochemistry) 

Faculty/research group: Science / Division of Molecular and Nano Materials / Division of 

Biochemistry, Molecular and Structural Biology 

Daily supervision: Dr. Willem Vanderlinden 

Graduating option: Engineering, Bio-engineering or Natural Science 

Type of work: Experimental 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Nanostructuring Graphene: a new approach towards sensors? 

 

Context:  

Graphene, a popular material of recent times, is a single layer of graphite and a perfect 

two-dimensional crystalline material with very high electron mobility and other 

interesting properties. Graphene has become an ideal object for both fundamental studies 

and electronic applications, including sensing. 

 

Objective: 

A first objective is to prepare graphene sheets on conductive as well as non-conductive 

substrates as supports for the self-assembly of a variety of molecules into nanostructured 

patterns. A second objective is to carry out the molecular self-assembly of mono- and 

bicomponent mixtures at the interface between a liquid and graphene and to visualize the 

molecular ordering by non-optical microscopy techniques such as scanning tunneling 

microscopy or atomic force microscopy. A key question is to what extent the interaction 

strength and interaction mode of molecules on graphene differs from the adsorption of 

molecules on 'normal' graphite, that can be considered as a stack of graphene sheets. A 

third objective is the spectroscopic characterisation of the interaction of these molecular 

nanopatterns with graphene with Raman spectroscopy. A fourth objective is the 

characterisation of molecule covered graphene-based devices to probe the effect of 

molecule - graphene interactions on the electrical properties. 

 

Work to be done: First, you will optimize the protocol for transferring graphene layers on 

non-conductive substrates such as mica or a silicon wafer. You will investigate the self-

assembly of molecules on top of the graphene layers by state-of-the-art microscopy tools 

such as scanning probe microscopy. You will probe how the adsorption of molecular 

nanopatterns on graphene affects the electronic properties of graphene (sensing). Based 

on these insights, you will explore the electrical characteristics of graphene based devices 

with integrated molecular nanopatterns. 

 

 

Promoter: Prof. Steven De Feyter, Prof. S. De Gendt 

Faculty/research group: Science / Division of Molecular and Nano Materials 

Daily supervision: Dr. Bing Li 

Graduating option: Engineering, Bio-engineering or natural science 

Type of work: Experimental (main) 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Nanopatterning using the bottom-up approach: addressing the 5 nm to 15 nm 

regime by combining physisorption and chemisorption 

 

Context: Patterning surfaces with a periodicity between 5 and 15 nm is not obvious. On 

the one hand, state-of-the-art lithography techniques could be used via a top-down 

approach. On the other hand, self-assembly methods are promising to achieve such 

patterns with a high fidelity via a bottom-up approach. Self-assembled monolayers of 

alkylthiols on gold are a textbook example of chemisorbed systems. Typically, they are 

spontaneously formed by exposing a gold surface to a solution containing the alkylthiols 

As a result, they form a homogeneous monolayer on gold. How to pattern them? Using 

soft-lithography, it is possible to pattern 'patches' of these self-assembled monolayers. 

The spatial resolution is limited to about 50 nm though. Can one do better?  

 

Objective: The objective is to pattern patches of self-assembled monolayers with a 

periodicity between 5 and 15 nm on gold. The approach you will follow is the use of 

nanoporous physisorbed monolayers as templates for the self-assembly of the 

chemisorbed systems. Basically, the alkylthiols should 'fill' the nanopores. 

 

 
 

Work to be done: First, you will investigate the self-assembly properties of the molecular 

templates on gold. Among different techniques, you'll use atomic force and scanning 

tunneling microscopy. Subsequently, you will target the self-assembly of the alkyl thiols 

in the nanopores. You will investigate the stability of these patches after removal of the 

template layer and their functionality.  

 

Expected results: Superior patterning method for alkyl thiols on gold.  

 

Promoter: Prof. Steven De Feyter 

Faculty/research group: Science / Division of Molecular and Nano Materials 

Daily supervision: Dr. Bing Li, Drs. Tanya Balandina 

Graduating option: Engineering, Bio-engineering or Natural Science 

Type of work: Experimental 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Temperature dependence of self-assembly at the liquid-solid interface on 

graphene-like substrates 

 

Context: Through non-covalent interactions such as van der Waals and hydrogen bonds 

molecules can self-assemble at the interface between solid surfaces and solutions to form 

highly ordered two-dimensional (2D) networks. Such networks are promising candidates 

for a variety of applications including sensors, selective molecular adsorption and as 

templates for the formation of 2D polymers. Studying how environmental conditions, 

such as temperature and solvent, effect the self-assembly process helps us to understand 

and control the morphology of these networks. 

Objective: The experiments will focus on alkoxylated dehydrobenzo annulenes (DBA). 

These molecules readily form self-assembled networks at the interface between organic 

solutions and (multilayered) graphene surfaces. These networks can then be characterised 

using non-optical microscopy techniques such as scanning tunneling microscopy (STM). 

DBA’s can form into two different 2D crystal structures, a low density porous network 

and a high density close-packed network. Transitions between these arrangements are 

influenced by environmental conditions such as concentration, the choice of solvent and 

temperature. A first objective will be to perform STM experiments to see how the choice 

of solvent effects the transition between DBA arrangements. A second objective is to 

analyze the data obtained from these experiments in terms of thermodynamic models for 

the transitions. This will provide experimental measurements of values such as the 

enthalpy and entropy changes associated with molecular adsorption from solution into 

ordered networks. A third objective will be to perform molecular modeling (DFT and 

molecular mechanics) of the different DBA structural arrangements. Finally, the 

applicability of the above techniques to other molecular systems will also be investigated. 

Work to be done: Firstly, you will perform STM experiments to observe how the 

concentration of DBA molecules in solution affects the temperature at which transitions 

occur. These experiments will also be performed for a range of different solvents on 

(multilayered) graphene. The results of these experiments will be analyzed in terms of 

simple thermodynamic models for the transitions and used to calculate values for 

molecular entropies and enthalpies. These values will help to highlight the role that 

solvent plays in self-assembly. Molecular modeling will be used to produce theoretical 

values for comparison to experimentally obtained ones. Finally, the temperature 

dependence of other systems which also show transitions between different structural 

arrangements will be studied in the same way.  

 

Promoter: Prof. Steven De Feyter 

Faculty/research group: Science / Division of Molecular and Nano Materials 

Daily supervision: Dr. Matthew Blunt 

Graduating option: Engineering, Bio-engineering or Natural Science 

Type of work: Experimental (main), theoretical, simulations 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Tip-enhanced Raman spectroscopy of graphene/molecular systems 

Context:  

Tip-enhanced Raman spectroscopy (TERS) is a technique which combines the nanometer 

scale resolution of scanning probe microscopy with the chemical specificity of optical 

spectroscopy. Graphene, a popular material of recent times, is a single layer of graphite 

and a perfect two-dimensional crystalline material with very high electron mobility and 

other interesting properties. Graphene also offers the possibility of acting as a protective 

barrier to immobilize thin molecular layers and even individual molecules so that they 

can be analyzed with different techniques. 

 

Objective: TERS works using the greatly enhanced electric fields produced near to 

metallic nanostructures when they are irradiated with laser light of the correct 

wavelength. In order to carry out effective TERS experiments sharp, contamination free 

metallic tips with dimension of a few tens of nanometers need to be used. A first 

objective will be to optimize the production of metal tips suitable for use in TERS 

experiments. A second objective is to produce a range of samples on different substrates 

(transparent / opaque and conductive/ non-conductive) which combine graphene and 

different molecular systems. These molecular systems may include thin liquid layers of 

different molecules, individual DNA molecules or ordered self-assembled networks. The 

graphene layers will act either as a base for adsorption for these molecules or as a 

protective layer covering them. The third objective will be to use TERS to study the 

above systems and produce nanometer scale maps of the chemical nature of the samples.  

During these experiments the Raman spectra for both the molecules and the graphene 

layers will be collected. This will allow us to study not only the molecules themselves but 

also how their presence affects the electronic properties of the graphene layers. 

 

Work to be done: Firstly, you will optimize the production of metallic tips for TERS 

experiments. The production of these tips involves the electrochemical etching of wire to 

produce nanostructured tips. Scanning electron microscopy (SEM) will be used to 

directly study the structure of the end of the tips and relate this to their effectiveness as 

TERS probes. Secondly, you will produce samples which combine graphene and different 

molecular systems to study with TERS. This will involve deposition of graphene onto 

different substrates and characterization using atomic force micro (AFM) and scanning 

tunneling microscopy (STM). Finally, you will combine tips and samples to perform 

TERS experiments. 

 

Promoter: Prof. Hiroshi Uji-i / Prof. Steven De Feyter 

Faculty/research group: Science / Division of Molecular Imaging and Photonics 

Daily supervision: Dr. Maksym Rybachuk 

Graduating option: Engineering, Bio-engineering and Natural science 

Type of work: Experimental  

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Soft and highly flexible stretch sensors 
 

Description:  

More and more attention is given to flexible and stretchable systems, also in biomedical 

electronics. In this thesis, a new kind of stretch sensor will be designed and fabricated, 

targeted at use in biomedical system applications such as breathing monitoring or 

implantable stress sensors. Unlike existing technologies such as strain gauges, this will be 

a very large displacement, stretchable sensor. Also, other applications of such a sensor 

can be envisaged, for example in robotics. 

 
 

Fig.1: Electronic artificial skin for robotic applications. 

 

Objective and work description 
This is a technological thesis, in which a design and fabrication process for a sensor is 

developed. The objective is to realize a stretch sensor that has the shape of an elastic band 

and can be stretched 200% of its original length. Also, it must be biocompatible and 

relatively insensitive to noise common in the environment. It is proposed to use a 

combination of conducting (e.g. by addition of carbon nanotubes) and non-conducting 

silicones to fabricate a multilayer capacitive sensing structure. 

For more information, please contact the daily supervisor-to-be. 

  

 

Promoter: Robert Puers 

Faculty/research group: ESAT-MICAS 

Daily supervision: Frederik Ceyssens (fceyssen@esat.kuleuven.be, ESAT room 91.50) 

Graduating option: Engineering 

Type of work: / 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: 3D Nanostructured Optical Fibers for Highly-Sensitive SPR Biosensors 

 

Description:  
 

Fiber Optic-Surface Plasmon Resonance (FO-SPR) sensors have great potential 

for food and medical diagnostics. SPR is the most sensitive optical sensing technique, 

based on the changes of the refractive index of light, guided towards a metal/dielectric 

interface. In case of a FO-SPR set-up, the light is directed by an optical fiber (OF) to a 

thin Au layer interface sputtered onto the fiber. This fiber is placed in a buffer solution, 

acting as a dielectric, containing the biomolecular samples of interest. Any event altering 

the refractive index of light at the interface will trigger a signal response. As such, 

information is provided on the biochemical content, as well as on the binding kinetics of 

these species with the immobilized molecules on the fiber. In our group, the FO-SPR 

system has been successfully applied for diverse immuno- and DNA based bioassays. 

 

However, the aim of this thesis is to improve the performance characteristics of 

the FO-SPR sensor platform, especially with respect to the stability and sensitivity of the 

system. One aspect that deserves special attention, is the morphology of the metallic layer 

(i.e. Au), which has an important influence on the sensor signal response. Therefore, this 

thesis will focus specifically on changing the morphology of the Au interface, by the 

controlled creation of 3D Au nanostructures on the FO-SPR sensor surface. These 3D Au 

nanostructures will be fabricated using a Colloidal Lithography approach, a high-

throughput and cost-effective nanofabrication technique. It involves the use of a 

suspension containing colloidal nanoparticles with self-assembling capabilities. Once 

distributed and self-organized on a surface, they act as a mask for further Au deposition. 

Their subsequent removal from the surface, results in highly-ordered nanostructures with 

controlled geometries. During the different steps of the colloidal lithography process, 

scanning probe techniques like: Atomic Force Microscopy (AFM), Scanning Electron 

Microscopy (SEM) or Transmission Electron Microscopy (TEM) will be constantly 

employed in order to characterize the FO-SPR surfaces. In addition, an aptamer–based 

sandwich assay (ELISA) for peanut allergen detection will be applied to the 

nanostructured FO surface, in order to verify and test the sensor performances, compared 

with a conventional non-structured FO-SPR architecture. 

 

For more information, please visit our website: www.biosensors.be 

 

Promoter: Jeroen Lammertyn 

Faculty/research group: Bio-Engineering/MeBioS-Biosensors group 

Daily supervision: Iulia Arghir 

Graduating option: Bio-engineering (bionanotechnology) 

Type of work: Experimental and/or simulations 

Number of students: 1  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Detaching droplets from anchoring points using electrowetting on a chip 

 

Description: 

Droplet-based microfluidics are an emerging and powerful format for performing 

high-throughput bioassays on a very small scale. Individual microdroplets act as discrete 

reaction vessels, with following advantages: (i) small sample volumes (1-10 nL), (ii) 

reduced contamination risks, and (iii) analysis in high-throughput context. 

There are two ways to control individual droplets in a microfluidic system: either as 

discrete droplets, moving in a continuous oil-flow, or as droplets moving on a planar 

surface, actuated by the electrowetting on dielectric (EWOD) principle. 

In this thesis, we will use the combination of these droplet manipulation techniques to 

develop a DNA-assay in a digital format. The chips will be fabricated in PDMS and 

consist of a narrow channel region where the drops are formed and guided further to a 

wider channel region where a matrix of small holes serves as anchoring points for the 

droplets. As such, this matrix can be considered as a nanowell titerplate on chip.  This 

approach allows to anchor two individual droplets at the same point. Using a the EWOD 

concept the exact time of merging the droplets can be controlled. Hereto, the EWOD 

electrodes will be integrated near the holes. By activation of these electrodes, the surface 

wettability changes and droplet merging becomes possible. The same principle will be 

used to detach the droplets from the holes. The system will be used to extract target DNA 

strands with bio-functionalized magnetic particles from a heterogeneous mixture.  
 

The student will start working on the optimization of the chip design (size and position of the 

EWOD electrodes) to integrate droplet merging and detachment steps. He/she will do test 

measurements on different chip designs using micropumps for droplet formation. He/she will 

investigate a protocol for DNA extraction using magnetic particles with high extraction 

efficiency. To visualize the magnetic particles fluorescence microscopy will be used.  

 
For more information see: www.biosensors.be 

 

Promoter: Prof. Jeroen Lammertyn 

Faculty/research group: Bio-engineering/MeBioS Biosensor group 

Daily supervision: Tamara Tóth 

Graduating option: Bio-engineering (bionanotechnology) 

Type of work: Experimental 

Number of students: 1 
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 Master Nanoscience and Nanotechnology  

Thesis title: Multiplexing Fiber Optic Surface Plasmon resonance towards high throughput 

screening of bacteriophages  
 

Description:  
Fiber Optic Plasmon Resonance is a new and versatile technique. It allows to monitor in real-time 

binding kinetics of molecules and even micro-organisms on surfaces. In combination with an 

automated robot, it can be deployed to screen multiple samples. With further optimization the 

technique can easily be multiplexed, which allows to detect multiple targets during one measurement. 

In this thesis topic the FO-SPR technology will be developed and optimized using different 

nanoplasmonic structure to screen bacteriophage libraries: 

 

Bacteriophages are versatile organisms, which can be used to display high affinity complementary 

peptides for a certain target molecule. Phages can express short peptides on their coating proteins 

(p3/p8) in such a way that it allows them to cooperatively bind to the target molecule and capture it 

(much as your hand grabbing an object). However the desired target-specific phages need to be 

selected from a large library of phages expressing different peptides with different affinities for the 

target molecule. Because of the intrinsic nature of phages, mostly their size and their mobility, 

screening for their affinity for a target is quite challenging. However using different nanoplasmonic 

labels such as Nanoparticles and nanorods, SPR signals can strongly be enhanced and should allow to 

monitor much easier the affinity of phages towards a target. 

 

This thesis topic is very multidisciplinary and allows you to deploy your chemical, biological and 

technical skills. You will be responsible for synthesis of the nanostructure. Afterwards 

characterization techniques like SEM will be applied to monitor the outcome. Furthermore you will 

also be able to optimize the functionalization with biomolecules of both the nanoparticles and the 

sensor surface. Here the challenge will be to generate a dense bioreceptor layer with minimal non-

specific binding properties. A great deal of optics will be involved in making different sensing 

channels available. Engineering challenge will be to optimize the setup for sensitivity and 

throughput. Finally the setup will be tested on a large library of 

clinically relevant samples. 

 
For more info, mail to: karel.knez@biw.kuleuven.be or 

kim.vriens@biw.kuleuven.be  

 
Knez, K., Janssen, K., Pollet, J., Spasic, D., Lammertyn, J. (2012). Fiber optic high-resolution 

genetic screening using gold-labeled gene probes. Small. pages 868–872, March 26, 2012 

 
J.R. Brigati, T.I. Samoylova, P.K. Jayanna and V.A. Petrenko: Phage display for generating peptide 

reagents. Current Protocols in Protein Science, 18.9.1-18.9-27 (2008) 

 
Binrui Cao, Hong Xu, Chuanbin Mao Transmission electron microscopy as a tool to image 

bioinorganic nanohybrids: The case of phage-gold nanocomposites Microscopy research and 

technique. 07/2011; 74(7):627-35. 
 

Pollet, J., Janssen, K., Knez, K., Lammertyn, J. (2011). Real-Time Monitoring of Solid-Phase PCR Using Fiber-Optic SPR. Small, 7 (8), 

1003-1006. 
 

Pollet, J., Delport, F., Janssen, K., Jans, K., Maes, G., Pfeiffer, H., Wevers, M., Lammertyn, J. (2009). Fiber optic SPR biosensing of DNA 

hybridization and DNA-protein interactions. Biosensors & Bioelectronics, 25 (4), 864-869. 

 

 

Promoter: Prof. J. Lammertyn,  Nick Geukens  

Faculty/research group: MeBioS 

Daily supervision: Kim Vriens and Karel Knez 

Graduating option: Bio-engineering (bionanotechnology) 

Type of work: Experimental work 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Bio-assay development on a digital microfluidic chip  

 

Description:  

The attention that food industry and food legislation pay to food allergens has grown in 

recent years as food allergies are estimated to have increased up to 500 percent since the 

1990s. Control of food production and food quality in laboratories depend on the 

analytical methods available to detect and quantify the allergens. This analysis should be 

sensitive, cheap, fast and robust. In this context, the overall objective of this thesis is the 

implementation of a sandwich immunoassay for peanut allergen (Arah1 protein) on a 

digital microfluidic device. 

Digital microfluidics refers to the controlled manipulation of individual droplets 

in the micro- and nanoliter range. The use of discrete microdroplets, instead of the 

continuous flows through channels, is one of the recent trends in microfluidics. The 

individual droplets can be considered as small microreactors with additional benefits such 

as portability and minimal operation costs. Digital microfluidics has a close 

correspondence to the different unit operations in a laboratory environment (separation, 

purification, mixing…), but on a smaller scale and in a fully automated mode.   

 In this thesis, the student will study the diverse assay schemes available in the 

literature and the possibility of developing new approaches to perform a peanut allergen 

immunoassay. Also he will evaluate the suitability of the potential approaches for their 

implementation on the digital microfluidic platform and choose the optimal one. Finally, 

the optimal immunoassay will be implemented on the chip and its analytical performance 

will be studied with respect to dynamic linear range, sensitivity, selectivity and 

reproducibility and compared to reference technologies including ELISA technology. 

 The implementation of the immunoassay in the chip will require the use of 

different surface chemistry strategies (i.e. to immobilize receptors on the chip surface) 

that the student will explore. As well, she/he will be trained in the manipulation of 

EWOD (electrowetting on dielectric) technology to actuate droplets in the microfluidic 

chip.    
 

  

Promoter: Prof. Jeroen Lammertyn 

Faculty/research group: Bio-engineering/MeBioS Biosensor group 

Daily supervision: Elena Pérez Ruiz 

Graduating option: Bio-engineering (bionanotechnology) 

Type of work: Experimental 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Digital lab-on-a-chip as an innovative platform for femtoliter droplet 

printing 

 

Description:  

 

Lab-on-a-chip technology offers revolutionary miniaturized analysis platforms for 

numerous biological and chemical applications.  Different laboratory processes are 

integrated and miniaturized on such a microchip, with maximum dimensions of a few 

centimeters size. The goal of these miniaturized systems is to perform a wide variety of 

(bio)chemical analyses on a very automated way with maximum sensitivity. The lab-on-

a-chip research domain is very promising and finds its applications in medical 

diagnostics, DNA synthesis, and genomics. There are two ways to transport liquids 

(reagents) on lab-on-a-chip devices: as a continuous flow or as a discrete amount of 

liquid. In your research, fluids are manipulated as individual liquid droplets with volumes 

in the nanoliter range, based on the electrowetting-on-dielectric (EWOD) actuation 

principle. A key advantage of working with droplets is that the execution of all laboratory 

protocols such as pipetting, diluting and mixing are integrated on a single microchip and 

miniaturized to the micro- to nanometer scale.  

 

Recent research at the MeBioS biosensor group showed that even femtoliter-sized 

droplets can be printed on this microfluidic platform. The possibility of working with 

femtoliter droplet chambers opens up new possibilities for performing bioassays at the 

single-molecule level, allowing ultrasensitive protein detection at femtomolar 

concentrations. This improved sensitivity might be very important for the early detection 

of proteins related to cancer, neurological disorders or other diseases. 

Your goal will be to explore the potential of digital lab-on-a-chip technology for the 

execution of bioassays, based on the femtoliter droplet printing technology. Using 

microfabrication techniques, micron-sized hydrophilic patches are created in the 

hydrophobic layer of the chip surface. You will study different parameters that influence 

the process of femtoliter deposition on these patches, such as size, shape and 

composition. In a next phase, nanoparticles will be deposited in these femtoliter 

chambers. Different approaches will be studied to deposit single nanoparticle arrays, such 

as the use of magnets to accelerate nanoparticle deposition. In a final phase, 

immunoassays will be performed on these particle arrays where the fluorescent assay 

product is geometrically confined to the femtoliter chambers and monitored with inverted 

fluorescence microscopy. 

 

Promoter: Prof. Jeroen Lammertyn  

Faculty/research group: Faculty of bioscience engineering/MeBioS biosensors 

Daily supervision: Daan Witters 

Graduating option: Bio-engineering (bionanotechnology) 

Type of work: experimental 

Number of students: 1  
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 Master Nanoscience and Nanotechnology 

Thesis title: Development of a Fiber Optic Surface Plasmon Resonance biosensor for 

detection of fungal pathogens in clinical samples 
 

Description: Fiber Optic Surface Plasmon Resonance (FO-SPR) is a new and versatile technique. It 

allows to monitor in real-time binding kinetics of molecules and even micro-organisms on surfaces. 

In combination with an automated robot, it can be deployed to screen multiple samples. With further 

optimization the technique can easily be multiplexed, which should allow to detect multiple targets 

during one measurement. In this thesis topic the FO-SPR technology will be developed and 

optimized to screen fungal pathogens. 

 

Invasive infections caused by fungal pathogens such as Aspergillus fumigatus, Candida albicans and 

C. glabrata, are common in patients that suffer from severe diseases, such as cancer and AIDS 

(acquired immunodeficiency syndrome). In 30-40%, these infections cause death as a result of the 

combination of the underlying disease, the pathogen and the time and choice of antifungal treatment. 

To date, fungal cultures are used to diagnose a fungal infection. Using this method, growth of these 

pathogens can be detected after 2-4 days. A long test duration, which delays a specific antifungal 

treatment, and a low sensitivity (more or less 50%) are important downsides of this method. Other, 

more recent, techniques include the detection of fungal antigens and DNA. However, due to a low 

sensitivity, confirmation of the result by other tests is mandatory. Here, FO-SPR biosensors offer a 

solution. 

 

This thesis topic is very multidisciplinary and allows you to deploy your chemical, biological and 

technical skills. You will be responsible for the immobilization of the bioreceptor molecules on the 

Fiber Optic surface using different types of chemistry. You will optimize the screenings assay for 

fungal pathogens. The challenge will be to generate a dense bioreceptor layer with minimal non-

specific binding properties. Furthermore all assay parameters need to be optimized and the robot 

needs to get programmed. A great deal of optics will be involved in making different sensing 

channels available. Engineering challenge will be to optimize the setup for sensitivity and 

throughput. Finally the setup will be tested on a large library of clinically relevant samples. 
 
For more info, mail to: karel.knez@biw.kuleuven.be or 

kim.vriens@biw.kuleuven.be 

 
Knez, K., Janssen, K., Pollet, J., Spasic, D., Lammertyn, J. (2012). Fiber optic high-resolution 

genetic screening using gold-labeled gene probes. Small. 

 

J.R. Brigati, T.I. Samoylova, P.K. Jayanna and V.A. Petrenko: Phage display for generating 

peptide reagents. Current Protocols in Protein Science, 18.9.1-18.9-27 (2008) 
 

Binrui Cao, Hong Xu, Chuanbin Mao Transmission electron microscopy as a tool to image 

bioinorganic nanohybrids: The case of phage-gold nanocomposites Microscopy research and 
technique. 07/2011; 74(7):627-35. 

 

Pollet, J., Janssen, K., Knez, K., Lammertyn, J. (2011). Real-Time Monitoring of Solid-Phase 
PCR Using Fiber-Optic SPR. Small, 7 (8), 1003-1006. 

 

Pollet, J., Delport, F., Janssen, K., Jans, K., Maes, G., Pfeiffer, H., Wevers, M., Lammertyn, J. 

(2009). Fiber optic SPR biosensing of DNA hybridization and DNA-protein interactions. Biosensors & Bioelectronics, 25 (4), 864-869. 

 

Promoter: Prof. J. Lammertyn, Karin Thevissen 

Faculty/research group: MeBioS 

Daily supervision: Kim Vriens and Karel Knez 

Graduating option: Bio-engineering (bionanotechnology) 

Type of work: Experimental work 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Innovative Vis/NIR spectroscopic measurements in combination with light 

propagation models to determine the size of the scattering particles. 

 

Description:  

 

Food products usually contain a certain amount of non-uniformities like cell walls, 

nuclei, membranes, mitochondria, particles or air pores (size 0.1 - 10 μm) which cause 

scattering of Vis/NIR light. These scattering phenomena seriously complicate the use of 

Vis/NIR spectroscopy to determine the composition of such products. Traditional 

Vis/NIR reflection or transmission measurements will only provide information on the 

light attenuation caused by both absorption and scattering. As a result, a change in the 

scattering properties might be misinterpreted as a change in the composition. Moreover, 

the properties (like size, shape, refractive index, …) of the scattering particles can also 

give more information about the microstructure of the food products. Therefore it is 

interesting to determine these properties and use this information together with light 

propagation models in order to correct for the light scattering. 

 

Calculation of the interaction between Vis/NIR radiation and spherical scatterers in a 

medium requires solution of the Mie scattering theory, taking into account the size, shape 

density and refractive indices of the particles. The obtained light propagation models can 

be inverted and combined with innovative multiple spectroscopic measurements acquired 

by a Double Integrating Sphere (DIS) setup or Spatially Resolved Spectroscopy (SRS), 

resulting in the absorption (composition) and scattering (information about the scattering 

particles) properties.  

 

In a first stage, this approach can be tested and optimized on model systems with liquid 

optical phantoms made up of polysytrene or lipid spheres (known size and concentration) 

emulsified in water. In later stages also combinations of two or more particle diameters 

(polydisperse) in different concentrations will be considered. Finally, the inverted model 

can be tested to predict the size of particles in food products (e.g. fat globules in milk). 

Laser light scattering will be used as the reference method for validation. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Integrating optics in digital lab-on-a-chip technology 

 

Description:  

Lab-on-a-chip technology offers revolutionary analysis platforms for numerous 

biological and chemical applications. On such a lab-on-a-chip, different laboratory 

processes are integrated and miniaturized on a microchip of maximum a few square 

centimeters size. The goal of these miniaturized systems is to complete a wide variety of 

(bio)chemical analyses in a very automated way with maximum sensitivity at high speed. 

 

There are two ways to transport liquids (reagents) on a lab-on-a-chip: as a continuous 

flow or as a discrete amount of liquid. In this research, fluids are manipulated as 

individual liquid droplets with a volume in the nanoliter range. A key advantage of 

working with droplets is that the execution of all laboratory protocols such as pipetting, 

diluting and mixing is done on a micro- to nanometer scale. The droplets are manipulated 

on Teflon hydrophobic surfaces by electrowetting using electrodes underneath. 

            
 Figure: Left: our EWOD lab-on-chip platform . Right: integrated optical waveguides  

               with optical fiber clamps, forming a splitter structure 
 

Up to now, optical readout of the nanoliter-size reaction in our platform is done with an 

external optical setup. For some applications, a more fully integrated solution would be 

superior. Therefore, in this thesis, fabrication procedure will be sought that allows to 

integrate optics (light sources, waveguides, detectors) with our existing lab-on-chip 

technology. 

This would allow more integrated readout based on fluorescence or absorbance. In a 

second phase, optical surfaces can be functionalized allowing surface plasmon resonance 

(SPR) based measurements. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Innovative biosensor for monitoring of fertility in dairy cows 

 

Description:  

Due to the extreme genetic selection upon high milk productions in dairy cows, in 

combination with diets that forces the cows to produce more milk, fertility has become a 

serious problem in dairy farming all over the world. In order to produce milk, a cow has 

to give birth to a calf. The milk production will be high in the first couple of months after 

the birth, but will decline after a while. To maintain a high (the maximum) milk 

production a cow has to give birth to a calf as many times as possible. In practice, this 

will be one calf every year (365 days) since the pregnancy takes 9 months and the cow 

needs 3 months to recover. In Flanders and the Netherlands, this parameter (time between 

two births) is now 425 days, 60 days longer than the optimum. This poor fertility 

parameter is mainly due to a bad perception of heat/estrus by the dairy farmer. 

 

In order to improve the detection of heat in dairy cows, one should measure the cause 

(hormones) rather than the symptoms (higher activity). Even for cows that don’t show 

any signs of heat, the hormone level will give the correct information. Progesterone is a 

fertility hormone that is high (> 6 ng/ml blood) during the luteal phase and low (< 4 

ng/ml blood) during estrus (heat). Therefore, monitoring this progesterone level would 

allow one to very accurate predict the moment of ovulation and the optimal moment of 

(artificial) insemination. Moreover, the progesterone profile is a good indicator to 

confirm pregnancy and to detect ovarian abnormalities (e.g. cysts). Since the produced 

milk contains a certain level of progesterone that is in direct relation with the 

progesterone level of the blood, this is the perfect parameter to monitor fertility in dairy 

cows. 

 

Surface Plasmon Resonance (SPR) has already proven to be a very valuable technique to 

measure the progesterone level in raw milk (Gillis et al., 2006). Despite of the high 

potential of this technique, it never resulted in a sensor that can monitor the progesterone 

level of raw milk during the milking process. Reasons for this are the high cost and low 

robustness in working conditions. The new FO-SPR platform developed by the MeBioS 

Biosensors research group counters all these disadvantages without losing accuracy or the 

low limits of detection. In the proposed thesis, the FO-SPR platform will be optimized 

and adjusted to measure the progesterone level in raw milk samples. Finally, the 

technique will be validated against the reference techniques (e.g. ELISA). 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Design of Millimeter Wave Liquid Sensors 

 

Background: 

Electromagnetic waves at millimeter wave frequencies have traditionally been used for 

communication (wireless HDTV, automotive radar, point to point communication). Recently 

TELEMIC started the research on millimeter wave microfluidic sensors. One application could be 

dielectric analysis [1] of liquid which has been proven meaningful for biology and chemistry 

studies. Novel millimeter wave sensors are being designed and measured with advanced 

packaging technology (MCM-D, LTCC) in TELEMIC. LTCC (Low Temperature Co-fired 

Ceramic) is a cutting-edge technology for millimeter wave applications. Multiple layers of metal 

are printed onto low loss ceramic substrates [2]. The freedom to use multiple layers enables the 

design of real 3D structures.  

                                                                         
          Figure 1.  Example of a microwave sensor  

             for biological solution analysis [1]. 

 

  

 
Description: 

The student is expected to contribute to the sensor design activity. Various sensor types are 

possible: resonators (even antenna structures), transmission lines, filters etc. When loaded with 

different liquid under test, a change in the measured S-parameters should be observed. This 

change in travelling wave ratios should reveal information about the liquid. A rough to-do list for 

this thesis is as follows: 

  1) Literature study of liquid sensors. Select one or more types of sensor or the student can 

propose new ideas.  

  2) Learn to use 3D simulation software.  

  3) Design the sensor at 60 GHz with LTCC technology using 3D simulation software.  

  4) Analyze the simulation/measurement result. 

How the liquid can be measured is also going to be tackled in this thesis. Two master students are 

using glass and PMDS to make liquid containers.  

The student should have an interest in physics; knowledge of EM theory and previous RF 

experience will be assets but not necessary.  
 

[1] K. Grenier, D. Dubuc, P.-E. Poleni, M. Kumemura, H. Toshiyoshi, T. Fujii, and H. Fujita, “New broadband and 

contactless RF/microfluidic sensor dedicated to bioengineering,” IEEE MTT-S International Microwave Symposium, 

pp.1329-1332, 2009. 

[2] http://rn2ltcc.com/ENG/?page_id=2970 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Surface Enhanced Raman Spectroscopy for studying cell-nanoparticle 

interactions 

 

Description:  

 

Cancer is still one of the most leading death causes in the world. Consequently, there is a 

high demand for sensitive imaging and efficient therapy techniques. Lately, researchers 

are exploring the use of nanotechnology to improve current imaging technologies and 

explore novel cancer treatment possibilities. 

 

In this study, we would like to explore the use of gold nanoparticles both as contrast and 

therapeutic agent in vitro. The Raman scattering of molecules that are in close vicinity to 

gold nanoparticles can be greatly enhanced. This, so-called, surface enhanced Raman 

scattering (SERS) shows great potential for in vitro imaging. In addition, gold 

nanoparticles can generate sufficient heat to induce cell death when they are irradiated 

with an adequate laser. To enable this, the nanoparticles must be tuned to address the in 

vitro conditions. Ideally, the gold nanoparticles must be smaller than 100 nm, having a 

special morphology and a sufficient stabilizing chemical coating. Within this coating, 

SERS-active molecules will be incorporated to maximize the Raman signal. 

 

In this thesis, the work will mainly cover three aspects: (1) fabrication and 

characterization of gold nanoparticles with a branched morphology and ideal functional 

coating (2) Evaluation of the cell-nanoparticle interaction with Raman Spectroscopy (3) 

Evaluating the efficiency of heat induced therapy with Raman spectroscopy. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title:   Bio-assay development in microfluidic channels 

 

Description:  

 

One of the main advantages of using microfluidic channels is the improved reaction 

times.  The underlying assumption is that the reaction is diffusion limited according to 

Fick’s second law defining the typical diffusion length in a certain time.  If channels are 

small enough, the diffusion will be fast and reaction limited assay times will dominate.   

Most of the biochemistry assays today still use 30 minutes to 2 hours incubation steps, 

which is not practical and will inhibit the breakthrough of biosensors.  This thesis aims to 

develop the methods to drive down the time to perform an assay lower than a minute 

even for low analytes concentrations. 

 

Therefore this work will contribute by setting up a series of simulations and experiments 

analyzing how assay speed can be improved in microchannels for typical antibody 

affinity or DNA hybridization experiments in microchannels with well defined 

geometrical properties and for different concentrations, flow velocities, etc. Channels are 

fabricated in PDMS (casting) or in glass and are clamped to biosensor substrates with 

locally defined sensor areas.  The affinity binding on the sensor surface will be 

investigated in an integrated, real-time sensor. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Bridge PCR on optical sensors 

 

Description:  

 

The polymerase chain reaction (PCR) is a scientific technique in molecular biology to 

amplify DNA several orders of magnitude. PCR is typically performed in solution, but 

recent advances in solid phase PCR have shown that DNA can also be carried out if one 

of the primers is immobilized on a surface. This is particularly interesting for DNA 

sequencing technologies where clonal, site-specific amplification is needed starting from 

a single DNA copy. Although a commercial isothermal bridge PCR is currently used in 

next-generation sequencing, limited data exist on the principles behind the technology. 

Hence, in sharp contrast to conventional PCR, the effect of different parameters (e.g. 

probe density, primer design, etc) influencing a successful amplification have not been 

documented. In this study, we will perform amplification on the surface of optical sensors 

in order to better understand the process of bridge PCR. Real-time detection of the PCR 

reaction will gain further insight in the parameters important during amplification. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title:  High speed microfluidic cell sorting 

 

Description:  

 

Cell sorting is a very important sample pretreatment step for many bio-analytical 

applications. Not only does it provide cell counts for different species in the crude 

sample, the resultant purity of these species is often necessary for further sample 

processing such as cell culture or genotyping. Microfluidic cell sorters have displayed 

great potential to compete with commercial fluorescence activated cell sorter (FACS) due 

to the single-cell addressability, miniaturized size, low system cost and high flexibility. 

However, most reported microfluidic cell sorters are either tailored only for a few types 

of cells, or with low sorting efficiency. 

 

This thesis will be part of the imec high speed cell sorting study to build a generic 

platform with FACS-level sorting efficiency. The thesis will be focusing on the 

optimization of high-speed cell actuations after cell identification. The optimization will 

be based on past proof-of-principle tests and will include the design, fabrication, testing 

of various micro actuators. The micro actuator will be part of a microfluidic device in a 

strobescope imaging system. The sorting purity, efficiency and cell viability will be 

evaluated using reference physical and biochemical techniques such as confocal 

microscopy, commercial cell counter, qPCR, etc. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title:  Identification and characterization of circulating tumor cells 

 

Description:  

 

Cancer remains a prominent health concern afflicting modern societies. Continuous 

innovations and introduction of new technologies are essential to level or even reduce 

current healthcare spending. As the analysis of circulating tumour cells is most promising 

in this respect, this thesis aims to develop a device to characterize these cells using 

physical parameters, including electrical impedance or dielectrophoretic force 

spectroscopy. The latter techniques are non-invasive electrical methods that may provide 

cell information through permittivity and conductivity measurements of the cell 

membrane and -cytoplasm. Such techniques may eventually enable to differentiate 

various cell subtypes. This is especially promising as most cells that escape from a 

primary tumour fail to form metastases. Only a minor fraction of circulating cancer cells 

generally arrest in the microcirculation to form micro metastases of which few persist to 

form vascularised macro metastases. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Multifunctional magnetic gold nanoparticles: chemical functionalization and 

applications 

 

Description: Nanoparticles are increasingly used in biomedical fields because of their 

remarkable physicochemical properties at the nanometer scale. Gold or silver nanocomposites 

exhibit the surface plasmon resonance (SPR) effect which has many applications in biomedicine. 

An example is hyperthermia where the particles are used to induce heating to selectively destruct 

targeted cancer cells. Magnetic nanocrystals also form a very popular research topic. Their 

magnetic properties have been used in magnetic resonance imaging (MRI), magnetic separation 

of bio-entities, drug delivery magnetic hyperthermia and many more. 

 

Nanoparticles that combine gold and magnetic properties are very interesting for a number of 

these applications The particles are made via a top-down synthesis method which results in 

magnetic-gold core-shell or multilayer particles. This provides an easy way to adjust the magnetic 

content and material for optimal use in applications. Also, size and shape of the particle and its 

gold shell can be altered to provide different plasmonic effects. Finally, the multilayer 

composition makes it possible to produce Janus particles if different surface layers are introduced 

(i.e. gold on top and silicon oxide at the bottom). These Janus particles consist of both a 

hydrophobic and a hydrophilic surface which make them promising for self-assembly 

applications in solution. 

This project will focus on the post-synthesis chemical functionalization of these particles. This 

function is twofold. First, it is important to stabilize the particles in buffered solutions to prevent 

aggregation or precipitation. Second, reactive functionalities such as carboxyl and amino groups 

can be introduced. Different agents will be tested to functionalize the ‘naked’ hydrophobic 

particles with hydrophilic and hydrophobic coatings. A very effective covalent coupling method 

for chemically synthesized gold particles is the use of thiol chemistry where a self-assembled 

monolayer is formed on the surface.  Non-covalent methods make use of hydrophobic/hydrophilic 

interactions (i.e. phospholipids) or ionic interactions (i.e. citrate). The introduction of different 

surface layers such as silicon oxide provides other functionalization methods such as silane 

chemistry. The first challenge is to transfer these synthesis methods to the top-down synthesized 

particles. Second, the goal is to combine different functionalities (i.e. both thiol and silane 

chemistry) on one particle. This way Janus particles or particles with different reactive groups on 

top and bottom can be created. If possible, in vitro cell interaction experiments will finalize the 

project. Cell uptake and toxicity will be tested for different functionalities. 

 

In conclusion, this project is ideal for master students with a strong interest in chemistry, 

biochemistry, or bio-engineering.    
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 Master Nanoscience and Nanotechnology 

 

Thesis title: SERS measurement of kinase activity on synthetic peptides 

 

Description:  

 

Phosphorylation is the main method that a cell uses to control the function of its proteins. 

It lies at the basis of diseases where cellular function is disturbed, including cancer and 

leukemia. The responsible enzymes, protein kinases, regulate a myriad of these 

phosphorylation processes. Since abnormal phosphorylation can cause many diseases a 

good understanding of the protein kinase activity is essential toward new drug discovery 

and treatment. 

 

Because the conventional kinase screening platforms do not cover all the needs, in this 

project, Surface Enhanced Raman Spectroscopy (SERS) is proposed.  SERS is a 

technique to perform molecular Raman spectroscopy with a very high sensitivity, down 

to a single molecule,  on plasmonic nanostructured substrates.  The major strength of 

SERS is that it can combine the detection, identification and characterization of 

phosphorylation states of proteins. In this project nanostructured substrates will be 

fabricated that allows immobilization of protein targets and enable high throughput 

screening of the kinase activity by SERS. 

 

In this thesis, the work will mainly cover three aspects: (1) fabrication and 

characterization of the plasmonic nanostructures (2) Functionalizing the nanostructures 

with synthetic protein peptides (3) characterization of their phosphorylation state using 

SERS. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Single molecule identification in plasmonic nanocavities 

 

Description: Surface plasmon polaritons (SPPs), electromagnetic surface waves at a 

metal/dielectric interface, have the ability to concentrate light down to the nanometer 

scale. Many dedicated micro- and nanostructures have already been demonstrated in a 

broad range of applications. One particularly interesting application is surface enhanced 

Raman spectroscopy (SERS) based (bio)chemical sensing. Benefiting from the strong 

field enhancement caused by the engineered plasmonic effect, regular Raman scattering 

is enhanced with several orders of magnitude. Hence, SERS is a widely accepted 

analytical method providing molecular information with an extremely high sensitivity. 

 

Recently, we have developed dedicated designed plasmonic nanoslits for single molecule 

identification using SERS (see figure). The slits are top-down fabricated and exhibit the 

so called “hot spots” at the regions with strong electromagnetic field enhancement. In this 

research project we want to characterize in detail the Raman signals from single 

molecules in the nanoslits. Experimentally, this project includes a combination of SERS 

and nanofluidics technology. SERS is applied for the molecular identification, while the 

nanofluidics is used for controlling the motion of the analytes. Since the nanoslit is very 

small in size, it can mechanically confine few molecules inside the hot spots. When 

translocations of analytes through the hot spots from one side of the membrane to the 

other side, they will be simultaneously recognized by SERS. Until now, the concept has 

already been initially demonstrated, and continued work will focus on a more systematic 

investigation of the biomolecules such as nucleotides and DNA strands. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Ultra-sensitive diagnostic method based on surface enhanced Raman 

spectroscopy on plasmonic-magnetic beads  

 

Description:  

 

Ultra-sensitive nanotechnology-based in-vitro diagnostics is of great interest in global 

healthcare. Surface enhanced Raman spectroscopy (SERS) is one of very promising 

biosensing techniques, since it enables even single molecule detection. SERS offers extra 

advantages such as chemical fingerprints specificity, multiplexing and non-destructive 

detection. The magnetic beads-based bioassay has the advantages of fast, easy, and gentle 

separation of biological compounds by using an external magnetic field gradient. New 

materials and techniques that can take advantage of the merits of SERS and magnetic 

separation are rather useful for the diagnostics in genomic (DNA) and proteomic 

(protein) analyses. 

 

In this thesis, the work will mainly cover three aspects: (1) fabrication and 

(morphological and optical) characterization of the magnetic micro-beads functionalized 

with the plasmonic nanoparticles; (2) simulation using commercial programs for the 

optimization of the electromagnetic field enhancement; (3) biosensing measurement 

using SERS to determine the detection limit and the enhancement factor. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Characterization and imaging of buried interfaces between thin layers 

 

Description:  
In spite of their lower efficiency organic solar cells can, due to their expected lower cost, be a valuable 

alternative for solar cells of crystalline silicon. The most promising configuration is for the moment the 

bulk heterojunction consisting of a bicontinuous percolating network of a conjugated polymer (hole 

transport) and a fullerene phase (electron transport).The morphology of this system which depends strongly 

on the preparation conditions (solvent, parameters for spin coating) is critical for the performance of the 

solar cell.. In order to elucidate the kinetics of charge separation, charge transport and recombination often 

bilayer systems are investigated. While these systems show a lower external quantum yield  due to lower 

light absorption close to the interface they are more suitable to observe and model the different elementary 

steps of the functioning of the solar cell. Furthermore their construction is less sensitive to the experimental 

parameters (solvent, evaporation rate, annealing conditions) than the bulk heterojunctions which could also 

be favorable for eventual large scale production. However also in this type of devices the detailed structure 

of the interface between the electron donor and electron acceptor layer will be important for the kinetics of 

charge generation charge separation and charge recombination.  

It is the aim of thesis work to explore the possibilities of SHG techniques for the characterization or bilayer 

type organic solar cells by imaging the buried interface between two organic layers.  

Second harmonic imaging microscopy (SHIM) will be used to map the interface between an electron donor 

and electron acceptor in a typical bilayer solar cell using existing materials (e.g. poly(3-hexylthiophene 

(P3HT) and a fullerene derivative (PCMB) in the absence of an applied electric field. Due to the lack of 

symmetry necessary for second harmonic generation (SHG) only PCMB and P3HT moieties close to the 

interface will contribute to the SHG signal. By choosing appropriate wavelengths of the incoming radiation 

it will be attempted to monitor both sides of the interface in a selective way. The dependence the interface 

structure, revealed by SHIM upon the conditions (solvent, concentration, annealing) for the deposition of 

the polymer by spin coating will be investigated. It will be attempted to correlate the resolved structure with 

the degree of crystallinity of the P3HT, determined by optical absorption. In collaboration with the team of 

A. Jonas (UCL) it will be attempted to correlate the results with those obtained by X-ray reflectivity.  

Although interfaces are intrinsically non-centro symmetric and, hence, should generate a second-order non-

linear optical signal, the magnitude of the response is often too low for practical implications. Hence it will 

be explored whether an efficient probe can provide opportunities for better imaging of buried interfaces. 

For choice of the probes it is essential that they do not act as hole (when incorporated in the electron donor) 

or electron (when incorporated in the electron acceptor layer) traps. This requires a suitable redox potential 

compared to that of the electron donor or acceptor layer. Here poly(indolocarbazoles) or sterically hindered 

poly(dithienopyroles), will be combined with probes based on Bodipy for the electron donor layer. For the 

electron acceptor layer PCMB will be combined with with sterically unhindered oligo-dithienopyroles.  
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 Master Nanoscience and Nanotechnology 
 

Thesis title:   Conjugated materials for efficient triplet generation and harvesting in 

organic photovoltaics 
 

Description:  
In molecular electronic devices as e.g. organic or hybrid solar cells a large exciton diffusion length is a 

major advantage to reconcile sufficient absorption with an efficient photo-induced charge separation. As 

excitation of organic molecules generally only generates singlet excitons with a diffusion length of a few 

nm, efficient harvesting of those excitons for charge separation requires a bulk heterojunction with phases 

of nm size. The preparation of such materials, although not impossible, requires a strict adherence to a 

complex and often little understood procedure. For triplet excitons characterized by a diffusion length 

which is one to two orders of magnitude larger the structure of the material is less critical. The application 

of this advantage requires efficient conversion of singlet states into triplet states with if possible with little 

energy loss. 

 
 Formation of triplet excitons in  

  a host:guest system. 

 

 

Therefore the combinations of a matrix and a dopant 

(transition metal complex) which promotes singlet triplet 

interconversion will be developed. The dopant must be such 

that its lowest singlet and triplet excited levels are between 

those of the matrix. For such materials singlet excitation of the matrix will be followed by efficient energy 

transfer to the dopant, intersystem crossing in the dopant, (triplet-triplet) energy transfer to the matrix and 

exciton diffusion in the matrix. Furthermore the redox levels of the dopant must be such that they do not 

trap electrons or holes of the matrix. As dopants transition metal complexes and gadolinium complexes 

with ligands with low singlet triplet gap will be envisaged Different probes and matrices will be 

synthesized by collaborating teams or acquired commercially and their (electro)chemical and photophysical 

properties will be characterized. In a next step energy transfer from the matrix to the dopant (singlet-singlet 

transfer) and energy transfer from the dopant to matrix (triplet-triplet transfer) as well as the triplet 

diffusion length in the matrix will be checked using time resolved luminescence and transient absorption in 

a range from pico- to milliseconds. Carrier mobility will be determined using electrical (space charge 

limited currents or time of flight) or optical (TREFISH) methods. 

   
P3HT (potential host) (left) and platinum tetrabenzoporpyhrin (potential geust) (right) 
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 Master Nanoscience and Nanotechnology 

 

Thesis title:  Spin polarized charge injection using chiral conjugated polymers 

 

Description:  
Since the first successful demonstration of an organic light emitting diode (OLED) using an 

evaporated multilayer this field has developed rapidly. One of the major problems in the 

functioning of OLEDs is that recombination of electrons and holes with random spins leads only 

for 25 % to fluorescent singlet excited states while for 75 % (generally) nonfluorescent triplet 

states are formed. A way to avoid this unfavorable singlet triplet ratio would be the injection of 

electrons and holes with polarized and opposite spins. In this case the singlet triplet ratio of the 

excitons could be increased to 1:1 However not only spin controlled charge carrier injection, but 

also the conservation of spin during charge transport is important. These processes as well as spin 

manipulation, and the detection of the spin of the injected carriers are still the subject of intensive 

research in the field of spintronics, the technology platform using the spin of a charge carrier (e.g. 

an electron) as information carrier.  

Continuing the original physical top-down approach for spin injection by magnetic electrodes in 

achiral conjugated organic materials it will be investigated whether the combination of a 

molecular chiral interphase between a magnetic electrode and an organic material can function as 

a spin valve for spin controlled charge injection and whether such device can lead to more 

efficient electroluminescence. Therefore the efficiency of spin polarized charge injection (to be 

measurted by magnetoresistance) by a single enantiomer of a chiral molecule will be compared to 

that of a racemate thereof, deposited on a magnetic electrode (La0.67Sr0.33MnO3). In this 

framework injection of opposite spins will be favored by two complementary enantiomers of a 

single chiral substance and hence a different magnetoresistance should be observed for the two 

enantiomers. Contrary to the observation made with an achiral material a different 

magnetoresistance should be observed for the same enantiomer when the direction of the applied 

magnetic field is inverted. Also the charge carrier mobility of single enantiomers will be 

compared to that of racemates in the absence and presence of an applied magnetic field, by either 

time of flight experiments or the determination of space charge limited currents. As alternative for 

the magnetoresistance it will be explored to what extent these thin layers allow detection of the 

spin polarized injection by the non-linear magnetic circular dichroism. A organic material we 

plan to compare chiral and achiral polythiophenes, synthesized through collaborations in and 

outside the Chemistry Department. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Charge generation, transport and recombination in bulk heterojunctions 

involving PbS nanodots: exploration of nanodot morphology 

 

Description:  
Bulk heterojunctions involving a conjugated polymer and an electron acceptor are a major development in 

organic solar cells. While in most studies organic molecules as e.g. fullerenes are used as acceptor the 

position of the conduction and valence band in PbS nanodots makes those species eligible as acceptor. 

Besides a larger absorption cross section at long wavelengths these nanodots have, compared to organic 

acceptors the advantage of a larger (photo)stability. 

 

For Pbs nanodots the valence band is situated below that of the conjugated polymers. Depending upon the 

position of their conduction band and their band gap they will be able to trap excitons and/or electrons 

allowing for exciton dissociation at the interface. Contrary to applications in OLEDS where homogeneous 

mixing is preferential, the mesoscopic organization of the acceptors must allow fast transport of the 

electrons to the electrodes in the solar cells. Hence while doping by semiconductor nanodots is expected to 

have a limited influence on the hole mobility a complex dependence of the electron mobility on the nanodot 

concentration is expected. At low concentration the nanodots will act as trap and reduce the electron 

mobility while above a threshold percolation is expected. While spherical PbS nanodots were shown to 

quench the fluorescence of poly-3-hexyl thiophene (P3HT) without affecting the hole mobility extensively 

much less is known on the behavior of PbS nanodots with other geometries as rods or tetrapods. Such 

geometries can however be useful to enhance percolation of the electrons. In the present thesis we will 

focus on the influence of the nanodot morphology on the carrier generation and mobility in conjugated 

polymers (P3HT and possibly polymers with a smaller band gap) doped by PbS nanodots.  

 

The nanodots will either be synthesized according to literature data or be obtained form collaboration with 

other groups (UGent). The polymers will be acquired commercially or through existing collaborations, e.g. 

with UHasselt or MPI für Polymerforschung (Mainz). Starting from existing experience on the combination 

of P3HT with PbS nanodots), P3HT will be combined with several concentrations of rod and tetrapod 

shaped PbS nanodots in thin spin-coated films. Combining stationary and time resolved luminescence with 

transient absorption will allow us to determine the rate and efficiency of charge carrier generation and 

recombination. The electron and hole mobility will be determined by time of flight (TOF) in the presence 

and absence of the nanodots as a function of applied field and temperature. Where possible the TOF results 

of the mobilities will be correlated to those obtained on the basis of SCLCs (space charge limited currents). 

It will investigated to what extent the field and temperature dependence of the mobilities (obtained by TOF) 

can still be analyzed formally in the framework of the existing models.  

 

Parallel with the characterization of the carrier generation, recombination and transport the morphology of 

the films (clustering of nanodots) will be investigated by a combination of TEM (transmission electron 

microscopy) (in collaboration with UAntwerpen), AFM (atomic force microscopy) and fluorescence 

microscopy. We will try to exploit the possibility to detect the fluorescence and carrier generation 

efficiency of a single nanodot and to apply novel ultrahigh resolution microscopy methods. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Quantum conductance of carbon and boron materials   

 

Description: 

Quantum conductance in organic nanostructures is a central domain of research in the 

field of nanomaterials. Besides a clear goal of miniaturization of electronic devices, the 

electronic conductance of nanomaterials, containing single or aggregates of several 

molecules allows to exploit new quantum phenomena, not accessible in bulk materials. 

 

The project specifically addresses the topic of electronic conductance through carbon and 

boron bucky balls (fullerene) sandwiched between two metallic electrodes. The main 

objective will be the study of the effect of vibronic dynamics of buckyballs on the 

electron conductance. Among the targeted results we expect to be able to demonstrate the 

possibility to achieve the adiabatic electron pumping regime of conductance via the 

strong Jahn-Teller effect on the buckyballs. 

 

The project is intended for students who wish to develop their research skills in 

theoretical material science. The work will include theoretical derivations and 

programming. 

 

 

An interesting link is: 

http://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=4617132&isnumber=4616982 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Dynamical properties of anisotropic nanomagnets 

 

Description:  

 

The dynamical properties of molecular magnets and magnetic nanoparticles involving 

metal ions in strong anisotropy limit (lanthanides, transition metal ions with unquenched 

orbital moments) are of primary interest from the point of view of fundamental research 

and for potential applications in the field of molecular spintronics and magnetic 

nanomaterials. Compared to the nanomagnets with weak magnetic anisotropy, the 

nanomagnets in the strong anisotropy regime exhibit new dynamical properties such as 

strong dependence of magnetic dynamics on the exchange interaction, several relaxation 

times and their non-monotonous behavior in applied field, toroidal magnetic moments 

and many others.  

 

The proposed project aims at a theoretical investigation of dynamics of magnetization in 

nanomagnets with strong magnetic anisotropy. To these end the quantum kinetic 

equations will be set up and solved for several representative examples. The results of 

this investigation will be applied for the explanation of novel dynamical properties of 

recently synthesized and experimentally studied nanomagnets. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Design of efficient single-molecule magnets 

 

 

Description:  

 

Single-molecule magnets and single-chain magnets display the phenomenon of blocking 

of magnetization within one single molecule, thus playing the role of a ferromagnetic 

nanodomain. Given their nanometer (or even smaller) size , these nano-objects are widely 

viewed as the limit of miniaturization of magnetic storage devices and are therefore 

intensively investigated. In order to be efficient, the single-molecule and single-chain 

magnets should (i) possess a high barrier of reversal of magnetization, (ii) be addressable 

and (iii) be protected from the action of surrounding magnetic molecules. 

 

The proposed project aims at a theoretical investigation of blocking of magnetization in 

single-molecule magnets by combining ab initio quantum chemistry calculations with 

theoretical modeling. The main goal is to calculate the barrier of reversal of 

magnetization, to explain why some molecules possess this barrier and the other not and, 

finally, to predict the ways of enhancing the single-molecule magnet properties. A special 

attention will be devoted to molecules involving metal ions with strong spin-orbit 

coupling (lanthanides, actinides, 4d and 5d metals). Besides being strongly magnetic 

anisotropic (a necessary condition to obtain efficient blockage of magnetization), such 

molecules also display non-collinear magnetization, which allows designing of single-

molecule magnets protected from the action of environmental magnetic field. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Parallelization of CMOS time-dependent variability measurements 

 

Description:  

 

It is well established that with the size of CMOS devices decreasing to atomic 

dimensions, the number of dopant atoms in each device reduces to numerable levels, 

resulting in increased time-zero (i.e., as-fabricated) variability. At the same time also the 

number of defects is decreasing to literally single-digit numbers, resulting in further 

variability increase with time (i.e., increased time-dependent variability and thus, further 

reduced reliability). This trend has recently lead to a shift in our perception of reliability: 

the “top-down” approach (deducing the microscopic mechanisms behind the average 

degradation in large devices) is being replaced in deeply-scaled devices by the “bottom-

up” approach, in which the time-dependent variability is understood in terms of 

individual defects. The small ensembles of stochastically behaving individual defects are 

then responsible for the wide time-dependent distributions of CMOS device parameters. 

Understanding these distributions requires electrical measurements on a large number of 

devices, necessitating in turn parallel evaluation schemes. 

The thesis project will build on a previously-designed on-chip array for parallel device 

stressing and testing. Programming of the measurement instruments and the computer-

controlled prober will be needed, followed by statistical analysis of the data, and 

optionally, designing improved on-chip circuitry. The required skills include computer 

programming (Perl), performing electrical measurements and data analysis, and 

optionally SPICE, and CAD layout. 

 

 

 

 

 

 

 

 

Promoter: Prof. Guido Groeseneken 

Faculty/research group: ESAT/imec CMOST-DRE 

Daily supervision: Dr. B. Kaczer, J. Franco 

Graduating option: Natural Science or Engineering 

Type of work: experimental 

Number of students: 1  

66



 Master Nanoscience and Nanotechnology 

 

Thesis title: Modeling of leakage in very high permittivity dielectrics for DRAM 

applications 

 

Description:  

 

Future dynamic random access memories (DRAM) require metal-insulator-metal 

capacitors (MIMcaps) with equivalent oxide thicknesses (EOT) ≤ 0.4 nm, necessitating 

the introduction of dielectrics with very high dielectric constant (k~100). Furthermore, 

low leakage current densities (≤ 10-7 A/cm2) are required for sufficient retention of 

charge. Regrettably, high-throughput industrial deposition techniques can result in 

dielectric films with defects that can facilitate electronic conduction. Reducing the 

leakage thus requires thorough understanding of the role of the defects. 

The general aim of the thesis is to interpret the measured leakage and capacitance 

characteristics (IV and CV at varying temperature). This will be achieved by modeling 

trap-assisted leakage mechanisms in MIM structures with non-uniform electric field due 

to charge trapped inside the dielectric. Requirements therefore include understanding of 

the physics of various conduction mechanisms, self-consistent solving of the Poisson 

equation, and optionally electrical IV and CV measurements. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Low-pass/Band-pass Reconfigurable CT DSM for Software-Defined Radio 

 

Description:  

Re-configurability is a record-breaking characteristic of software-defined radio (SDR) 

compared with previous communication systems. In SDR, to achieve optimized power 

performance ratio, not only the carrier frequency, the analog bandwidth are tuned, also 

the receiver architecture is also changed according to different standards. For example, 

for some standards, zero-IF receiver is the best choice while for others low-IF receiver is 

the optimized architecture. To accommodate to different RF front-ends, different types of 

ADCs are required: low-pass ADC is suitable for zero-IF application, and band-pass 

ADC is better for low-IF receiver (for reasons of offset and flick noise).  

 

With CMOS scaling and system/circuit innovations, Continuous-Time Delta-Sigma 

Modulator (CT DSM) with intrinsic anti-aliasing show good FoM and system merit in 

communication application. Also, several re-configurable CT DSMs have been published 

with almost no additional power. However, these re-configurable DSMs can only 

exchange bandwidth and power with accuracy, not solving the issue descript above.  

 

In this Master thesis, we will explore and develop a re-configurable CT DSM, which is 

capable of being tuned over both architecture (low-pass or band-pass) and parameters 

(power, bandwidth and accuracy). It will cover the communication standards of 

GSM(200KHz BW, 85dB DR,Band-pass), Bluetooth(500KHz BW, 76dB DR,Low-pass), 

UMTS(2MHz BW, 74dB DR,Low-pass) and WLAN(20MHz BW, 55dB DR,Low-pass). 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Low Noise, High Speed Column-level Variable-gain Amplifier for CMOS 

Image Sensors 

 

Description:  

 

The Variable Gain Amplifier (VGA) is a very important block in the column-level 

readout circuitry of CMOS image sensors. Important issues related to the VGA such as 

power consumption, noise, step response and area can compromise the performance of 

the whole sensor array. High frame rate image sensors require low noise readout circuitry 

in order to get satisfactory image quality with very short integration time. The VGA is, 

therefore, required to provide selectable high closed loop gain for pixel noise reduction 

and low step response time for high frame rate. For high input signals, the gain is set to 

low values for preventing the output signals from being saturated. 
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A 2-stage SC Variable Amplifier 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Manipulating Graphene Devices 

 

Description: 

 

Graphene, an atomically-thin sheet of carbon atoms arranged in a sp
2
 honeycomb lattice, 

has been successfully isolated for the first time only in 2004 (this achievement was 

awarded the Nobel prize of Physics in 2010). Ever since, new exciting reports are 

appearing in literature about the peculiar electronic properties of graphene, which mainly 

arise from the configuration of its energy band structure, combined with the intrinsically 

low occurrence of defects and the stiffness of its lattice, allowing for the featuring of 

intriguing 2-D physical phenomena. 

 

Graphene has been proposed as a candidate for many purposes, from electrodes to CMOS 

and post-CMOS electronics. However, in order to make electronic applications of 

graphene realistic, one has to necessarily tune its electronic properties, so that, for 

example, a bandgap can be introduced. Another important aspect of the current graphene 

research entails the finding of a synthetic alternative to micromechanical exfoliation for 

graphene production, in order to achieve high quality, large scale graphene, addressable 

for CMOS-compatible device fabrication 

 

The objective is to explore new device architectures by manipulating the graphene 

properties with the goal to reach to the specs of future technology nodes. The student will 

learn how to handle graphene sheets, tune the bandgap, and will be trained to require 

skills to design, fabricate, and characterize graphene FETs. Some of the challenges 

involved: 

 

1. the study of the interaction between graphene and the different active layers in the 

device; by investigation of the electronic modifications of the graphene properties 

influenced by its environment; 

2. post-processing of graphene (e.g., transfer, device design and fabrication); 

3. electrical and structural characterization of (integrated) graphene devices; 

 

The students will execute the research in imec’s NCAIS group – NAME (nano 

applications, materials and engineering) team. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Power scavenging and management circuit for wireless sensor node 

 

Description:  

 

Nowadays, wireless sensor networks find their use in a wide range of application 

domains. However, power consumption remains to be one of the main challenges, 

especially for the sensor node. It is desirable that the sensor nodes are not equipped with 

batteries and should have other approaches to power themselves. 

RF energy scavenging can be a promising candidate. After antenna capturing the 

incoming EM waves, a rectifier converts the received AC power to DC power and stores 

it on the capacitor. A low drop-out regulator is needed to provide a stable power supply 

for the main circuit. In this project, student will design both the rectifier and low drop-out 

regulator. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Column Parallel A/D converters 

 

Description:  

In an image sensor, pixels convert light into voltage through integration on a capacitor. 

This voltage is read out line by line through a column based readout structure. Column 

parallel A/D converters are widely used due to their simplicity and low power. In high 

speed sensors however the most commonly used architectures are too slow and faster 

alternatives such as SAR A/D converters and Cyclic A/D converters are either taking too 

much area or consume more power. Recently delta-sigma modulating A/D converters 

gained interest of image sensor designers, but the need to use amplifiers (albeit with 

reduced performance requirements due to the noise shaping and oversampling) is not 

desirable. The purpose of this thesis is to explore alternative solutions by coming up with 

new A/D architectures and/or using existing solutions into a hybrid that combines the best 

of all worlds. A trade-off study should be made and the chosen circuit implemented into a 

0.18um CMOS technology. 

 
Image sensor array with column level  ADCs 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Design of a Global Shutter imager with pixel level amplifiers 

 

Description:  

Given the low production cost and the on chip co-integration with processing building 

blocks, CMOS technology has allowed mass implementation of image sensors in 

consumer, industrial and scientific fields. Noise performance has nowadays exceeded that 

of CCDs. However, an important issue with CMOS imagers is the “Rolling Shutter” pixel 

array readout which causes image distortion, the so called “jello” or “skew” effects. 

Global shutter readout is therefore needed to avoid image distortions in case of fast 

moving objects. A pixel level signal storage is needed to perform global shutter readout. 

Two capacitors per pixel are required to store the signal and the pixel reset value. In order 

to achieve low noise performance, these capacitors must be sized properly increasing 

considerably the pixel size and decreasing the fill factor. An (open loop) amplifier placed 

in front of the capacitors could decrease the needed capacitance value by the value of the 

amplifier gain. However, gain uniformity between pixels is challenging given the small 

pixel area. The student(s) with study different amplifier structures and calibration 

methods allowing low gain spread which requires small layout area. Successive work will 

be the full design (from schematic level to layout) of a global shutter pixel array in a 

standard CMOS technology.   

 

 
 

                                             CMOS image sensor 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Development of integrated fluorescence scanning electron microscopy for in 

situ catalyst characterization 

 

Description:  

Over the last decade, nanotechnology has taken an important place in materials science. 

Not only have traditional materials been miniaturized, the ability to structure materials at 

the nanoscale has also resulted in the development of new materials with remarkable and 

unique properties compared to their larger counterparts. As such it has become very 

important to characterize nanostructured materials at relevant length scales and under 

realistic conditions and to directly correlate this to the local performance. One research 

field that heavily relies on the fabrication of new, more efficient (nanostructured) 

materials with unique properties is heterogeneous catalysis. Here the performance of 

catalytic particles depends on several factors like the chemical composition, the structure 

at the smallest scales, the accessibility of the active sites,… . Traditionally improvements 

resulted from a combination of kinetic studies with bulk, ex situ physicochemical 

characterization. In this approach it is not straightforward to relate the effects of 

nanoscale features to the local performance. Detailed information on the catalytic 

processes has been retrieved from in situ spectroscopy but these focus in general solely 

on the catalysts themself, overlooking information on the chemical transformation. 

Furthermore information is mostly averaged over one, large spot. Rationalization of 

catalyst design would hence strongly benefit from a direct correlation of insights in the 

molecular dynamics to local properties of the catalyst. 

In this project, the master student will help in the development of a novel microscopy tool 

that combines an atmospheric scanning electron microscope (aSEM), capable of 

measuring samples at atmospheric pressure and even in liquid!, with an advanced 

fluorescence microscope (FM) that can detect single catalytic turnovers and that allows 

breaking the diffraction limit of light microscopy (typically 200 nm). This will allow to 

directly correlate nano-scale structural properties (aSEM) with the catalytic activity (FM) 

at the same small length scales.   
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Study of colloidal phase transitions of nanoparticles by direct visualization 

with super resolution optical microscopy 

 

Context:   

One of the most promising developments in fluorescence microscopy is the invention of 

schemes that allow obtaining an improved, nanoscale, resolution in fluorescence 

microscopy. To date, two types of approaches have successfully established. The first one 

is based on zero-intensity-based read-out (STED), the second one on stochastic 

photoactivation and localization of single molecules (PALM/STORM). The PALM 

method is based on cycles of stochastic switching on, reading out and switching off of 

individual fluorophores. Within a cycle, the activated molecules should be well enough 

separated from each other (further apart than the distance resolved by the microscope). It 

is then possible to localize with high precision the centroid of the individual fluorescent 

signals for each cycle and construct a subdiffraction-limited image of the sample 

incorporating all the centroid positions of all the cycles. With these super resolution 

optical microscopy modes, objects as small as 30-50 nm can be imaged. The time scale of 

PALM/STORM and STED is sufficient to allow direct visualization of the dynamics of 

selected phase transitions of colloidal systems (30-50 nm fluorescent NPs).  

Objectives: The goal of this project is to use PALM microscopy and or STED 

microscopy for the real time, in situ study of phase transitions in colloidal systems.  

Work to be done: Until now mainly colloidal systems based on micrometer sized 

particles have been imaged by confocal fluorescence microscopy.  We propose to expand 

colloidal science in the realm of nano by using superresolution microscopy. For this 

research task we will start with the investigation of the simplest possible experimental 

system of interacting particles: hard colloidal spheres (dye labeled nano-particles (NPs) 

that will be obtained via several collaborations). These NPs can then be modified by 

grafting them with polymer patches, which leads to directional and anisotropic 

interactions between the particles. The explicit goal of the project is to link the 

microstructure and dynamics of sub-micron particles with macroscopic properties, which 

also includes their investigation by established rheological methods (expertise of Prof 

Vermant)  

Expected results: One expected result is the first direct observation of phase transitions 

of nanometer sized colloidal particles. We also expect to establish the influence of 

different types of interactions (between the NPs) on colloidal dynamics.  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Control and characterization of surface plasmons on nano-particle decorated 

metallic nano wires 

 

Context:  Nano- and micrometer sized metal structures exhibit specific optical properties 

due to the resonant excitation of co-operative electron oscillation (surface plasmons 

polaritons: SPPs). The coupling of the incident light to electrons in metal allows the 

translation (i.e. guiding) of light energy via SPPs along nanometer to micrometer long 

wave-guiding structures. We recently observed the appearance of regular, high intensity 

spots along silver nano-wires as a response to wide field illumination. We tentatively 

attribute these spots to surface plasmon modes coupled to nanocrystals decorating the 

nano-wire. Indeed, the procedure to isolate silver nano-wires on a microscope cover slip 

comprises drop casting and spin coating of the solution used to synthesize the wires 

(polyol process). This solution also contains nano-crystals of silver of different size and 

shape. TEM images of the wires showing spots in wide field microscopy underpin this 

hypothesis as they show irregular features along the nano-wire. The topic of this master 

thesis is hence a full characterization of the above described observation.   .  

Objectives: The topic of this master thesis is hence a full characterization of the above 

described nano-wires decorated with nanoparticles.  

Work to be done: To this end, we will measure a statistical sufficient number of wires 

and try to correlate the number of observed spots with the length of the wire, as well as 

the influence of different excitation wavelengths on the appearance of spots. Spectra of 

the observed spots will be recorded as well. These measurements will be complemented 

by TEM measurements. At the same time we will try to get control over the size and 

shape of the nano-crystals that eventually will decorate the mono-crystalline wires after 

depositing them as described above. The influence of size and shape of the nano-crystals 

on the spacing and intensity of the observed spots will be investigated. We will also 

address if it is possible to use the generated hot-spots for Raman measurements.   

Expected results: One expected result is finding a correlation between shape, size and 

composition of the nano-particles and the appearance of hot-spots along the nano-wire. 

We also expect to establish the possibility of measuring Raman scattering on remote 

excitation via Plasmon wave guiding.  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Random Telegraph Noise in narrow vertical poly-Si transistors 

 

Description:  

Ultimate scaling of flash memory is evolving into the direction of vertically stackable 

devices. These require poly-crystalline Si as channel material which has problematic low 

carrier mobility due to defects and grain boundaries.   

In nano-scaled channels, the device-to-device variability due to the limited number of 

defects controlling the conduction, is expected to be a major issue for the operation and 

reliability of SONOS memory stacks.  But the limited, numerable amount of defects in 

each device also allows for the study of the properties of individual defects.   

One way of assessing the properties of an isolated defect is through the evaluation of the 

Random Telegraph Noise it generates. When the defect is negatively charged, Coulomb 

blocking reduces the current flow through the poly-Si channel.  When the defect switches 

to its neutral state, the current increases abruptly.  A single defect causes thus current 

fluctuations between two well-defined states.  Because of the very small dimensions of 

the vertical cylindrical channel (radius ~25nm and height ~200nm), the current changes 

can be substantial.   

The thesis proposal consists of noise measurements as a function of gate and drain 

voltage in a vertical poly-Si channel transistor and temperature.  The student should map 

the on and off-times (emission and capture times) of individual defects and place these 

results in the theoretical framework of defect physics (from literature).  Because of the 

large device-to-device variations, a statistical evaluation is needed.  Understanding and 

modelling the statistical variations is a possible extension of the thesis. 

Similar studies were already carried out for oxide defects, and therefore the student can 

rely on imec expertise for this master thesis. 
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An example of RTN in a poly-Si channel transistor at different gate voltage. 

 

Promoter: Guido Groeseneken 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: ESD reliability of high mobility FinFET devices for sub-14 nm CMOS   

 

Description:  

In the last decade, new processing features have been introduced into VLSI technology: 

source/drain stressors (90 nm node), high-k dielectrics and metal gate electrodes (45 nm 

node). Recently, a new transistor architecture (finFET or multi-Gate FET or 3D-

transistor) has been introduced for the 22nm node. The next technology option to be 

possibly introduced into the FinFET device architecture is the use of high-mobility (non-

silicon) channel materials. For pFETs, (Silicon)Germanium-based devices are being 

considered due to their compatibility with the existing Si technology. For nFETs, III-V 

alloys such as InGaAs are being investigated. Note that the bulk hole mobility of Ge 

(1900 cm2/Vs) is significantly higher than that of Si (450 cm2/Vs). Similarly, the 

electron mobility in In0.53Ga0.47As (~12.000 cm2/Vs) is a lot higher than in Si (1400 

cm2/Vs). 

A key reliability characteristic that needs to be investigated before any commercial 

product can be shipped, is its ESD (Electrostatic discharge) reliability. An ESD event on 

an IC, is a discharge event where up to 10 A of current over a time span below 100 ns 

needs to be able to flow through any 2 –pin combinations of that IC without destroying  

or wounding it. In order to cope with such an event, a pre-designed ESD current path 

must beprovided on the IC, using dedicated ESD clamps (voltage sensitive switched), 

which are off during normal operation and on during an ESD event. Such ESD clamps 

need to be evaluated in every new CMOS technology, and if needed to be optimized or 

altered. 

Based on excising test structures, destructive ESD measurements will be performed on 

various clamps and test structures. These measurements reveal the high current high 

voltage behavior which needs to be physically analyzed; also the failure signatures need 

to be understood. Once this is understood, ESD FinFET device layout optimization can 

be done, and ESD protection strategies developed.  

The multi-disciplinary work combines the use of ESD characterization tools, physical 

analysis of ESD device operation and the use of TCAD to clarify the underlying physical 

operation. The student will have to bridge the fields between advanced technology 

development, characterization tools, simulation and analog design, joining a team of imec 

specialists in this field. 

 

 

Promoter: Guido Groeseneken 

Faculty/research group: DRE/ESD 

Daily supervision: Geert Hellings, Dimitri Linten 

Graduating option: Engineering 

Type of work: experimental (50%), theoretical(30%), simulations (20%) 

Number of students: 1  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Electrochemical nanoparticle deposition for catalyzed CNT growth 

 

Description:  

Due to their remarkable electrical, thermal and mechanical properties, carbon nanotubes 

(CNT) have been considered for various applications in different fields of research. One 

particular application, situated in the world of integrated circuits, are CNT based 

interconnects.  

In the literature, various reports exist where the growth of carbon nanotubes with a high 

quality is demonstrated. However, most of these results are obtained under process 

conditions that are not fully CMOS compatible and hence cannot be used in a back-end-

of-line process. 

 

 
 

 

 

The aim of this project is to gain more insight in the electrochemical deposition of cobalt 

nanoparticles, which will act as a catalyst for CNT growth. A part of the project focuses 

on the fundamental aspects of cobalt deposition and determining how the various process 

parameters influence the geometrical properties of the formed nanoparticles. After a good 

understanding has been obtained on the deposition process, a fixed cobalt nanoparticle 

system will be chosen to study the CNT growth.  

 

A third part of the project deals with the optimization of the deposition of cobalt 

nanoparticles in small vias, enabling the CMOS compatible integration of carbon 

nanotubes in order to assess their electrical quality. 

 

 

Promoter: Prof. Dr. Philippe Vereecken 

Faculty/research group: imec / Nano Applications Materials Engineering 

Daily supervision: Johannes Vanpaemel, Dr. Marleen van der Veen 

Graduating option: Natural Science or Engineering 

Type of work: Experimental (chemistry) 

Number of students: 1 

Figure 1: a) Ni nanoparticles on blank TiN, (b) Ni at the bottom of a via,  

(c) CNT grown from Ni catalyst in vias. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Deposition and characterization of Al2O3 thin films on Si for the growth of 

carbon nanotubes 

 

Description:  

The growth of carbon nanotubes (CNTs) is a complex phenomenon where many different 

parameters play a role. In general, the role of the surface of the support, where catalyst 

nanoparticles are deposited, has been considered to be marginal during the growth of 

CNTs. It has been restricted to the limitation of nanoparticles coarsening and the catalyst-

support chemical interaction, which determines whether “tip-growth” or “root-growth” of 

CNTs will be obtained (catalyst particles lifted from the support or remain on the 

support) [1]. Recently, we have demonstrated that the role of the support is as important 

as that of the catalyst nanoparticles [2]. This result demands a new consideration of the 

CNTs growth mechanism that takes the active participation of the support into account. 

Al2O3 is the most efficient support for the growth of CNTs. However, Al2O3 can yield 

very different results depending on the origin of the support. So far, no detailed study 

exists which investigate systematically Al2O3 layers originating from different sources. 

 

Work: 

- Literature study about Al2O3 support for the growth of CNTs 

- Preparation of Al2O3 support on Si wafer using three different techniques: (i) Sol-gel 

technique, (ii) atomic layer deposition (ALD) and (iii) sputtering 

- Chemical modification of Al2O3 support 

- Structural and chemical characterization of the Al2O3 support on Si 

- Deposition of the catalyst material by molecular beam epitaxy (MBE) 

- Growth of CNTs on Al2O3/Si by means of chemical vapour deposition (CVD) 

- Characterization of the CNTs: in particular morphology, characteristics (incl. length, 

wall number, diameter distribution), structural quality, alignment and density 

 

Methods: Spin coating, ALD deposition and sputtering, optical microscopy, electron 

microscopy, XRD, XPS, SAXS 

 

More info: maria.seo@mtm.kuleuven.be, niels.degreef@mtm.kuleuven.be  
 

[1] de los Arcos, T., Garnier, M., Oelhafen, P., Mathys, D., Seo, J., Domingo, C., Garcia-Ramos, J., Sanchez-Cortes, S. 

(2004). Influence of the buffer layer on the growth rate and characteristics of the carbon nanotubes grown by CVD. 

Carbon, 42, 187-190. 

[2] Magrez, A., Smajda, R., Seo, J., Horvath, E., Ribic, P., Andresen, J., Acquaviva, D., Olariu, A., Laurenczy, G., 

Forro, L. (2011). Striking influence of the catalyst support and its acid-base properties: New insight into the growth 

mechanism of carbon nanotubes. ACS Nano, 5 (5), 3428-3437. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Growth of graphene by means of catalytic chemical vapour deposition 

 

Description:  

Graphene is a single layer of carbon atoms arranged into a two-dimensional hexagonal 

network and has recently attracted much attention because of its extraordinary properties. 

For production of graphene, chemical vapour deposition is an attractive approach due to 

its capability of large area synthesis. For this method, a transition metal film or foil (such 

as Cu or Ni) serves as catalyst. When exposed to a gaseous carbon source at high 

temperature, it is believed that carbon is adsorbed and then absorbed into the metal 

surface, where it is precipitated out in the lowest free energy state (graphene) during the 

cool down to room temperature. The aim of this project is studying the growth of 

graphene experimentally as well as from the thermodynamic point of view. The starting 

point of the study will be growth of graphene on Cu, which has been studied most up to 

now, but will be extended to other metals such as Pt as well as alloys 

 

Work: 

Literature study about the catalytic growth of graphene 

Literature study about the thermodynamic studies of C-transition metals and/or alloys 

Calculation of C-other transition metal (or alloy) phase diagram 

Growth of graphene on Cu foils by means of chemical vapour deposition (CVD) 

Growth of graphene on transition metal (or alloy) thin films deposited on Si or other 

substrate materials for a better compatibility of thermal expansion 

Characterization of graphene 

 

Methods: 
FactSage program, catalytic Chemical Vapour Deposition, optical microscopy, electron 

microscopy, XRD, XPS and Raman will be carried out externally 

 

More info: maria.seo@mtm.kuleuven.be, niels.degreef@mtm.kuleuven.be  
 

 

Promoter: Prof. Jin Won (Maria) Seo 

Faculty/research group: Engineering/MTM/SIEM 
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Number of students: 1 

81

mailto:maria.seo@mtm.kuleuven.be
mailto:niels.degreef@mtm.kuleuven.be


 Master Nanoscience and Nanotechnology 

 

Thesis title: Preparation and characterization of doped ZnO thin films produced by sol-

gel spin coating method 

 

Description:  

Zinc oxide is a very interesting semiconductor material with a direct band gap of 3.37 eV 

and large exciton binding energy of 60 meV at room temperature. Their applications 

include electro-optical devices, transparent ultraviolet (UV) protection films, near-UV 

lasers, gas sensors, piezoelectric devices, and many more. Controlling the electrical and 

optical properties of ZnO by transition metal doping can optimize material performance, 

and expands technological applications towards for instance ferromagnetic 

semiconductors or high-mobility oxide semiconductors 

The ZnO thin film has been prepared using various methods such as sputtering, pulsed 

laser deposition, chemical vapour deposition etc. The sol-gel method is advantageous due 

to its easy control of chemical components and fabrication of thin films at a low cost to 

investigate structure and physical properties of ZnO thin films. This master thesis aims at 

studying the undoped and doped ZnO thin films prepared by sol-gel technique in order to 

tune their electrical and optical properties. 

     
Figure: (left) shows a SEM image of the annealed ZnO film surface. (right) Carrier 

mobility versus band-gap for transparent oxide semiconductors. ZnO and doped ZnO 

yield the highest mobility values. 

 

Work: 

- Literature study about the sol-gel preparation of doped and undoped ZnO thin films 

- Preparation of undoped and doped (particularly Ga and In) ZnO thin films by sol-gel 

technique 

- Study of influence of annealing conditions 

- Characterization of the ZnO thin films 

 

Methods: Sol-gel spin coating, annealing in gas environment, optical microscopy, 

electron microscopy, XRD, XPS and PL 

 

More info: maria.seo@mtm.kuleuven.be, yujie.guo@student.kuleuven.be  
 

 

Promoter: Prof. Jin Won (Maria) Seo 

Faculty/research group: Engineering/MTM/SIEM 

Daily supervision: Yujie (Jamie) Guo 

Graduating option: Engineering 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Study of polymer relaxation dynamics by investigation of the rotational 

diffusion of single fluorescent molecules in polymer films using defocused wide-field 

fluorescence microscopy 

 

Description: 

Dynamics of polymers near the glass transition temperature (Tg) are complex due to their 

heterogeneous nature.It is well-known that the dynamic properties of polymers, such as 

viscosity or segmental and terminal relaxation time, vary over several orders of 

magnitude in frequency/time on approaching the glass temperature. Despite intensive 

research on this phenomenon for several decades, a clear, molecular scale explanation of 

the liquid-to-glass transformation is still missing. Nevertheless, there is consensus that the 

aforementioned processes are linked to the structural relaxation known as the α-

relaxation, reflecting the intra- and intermolecular cooperativity of polymer segments. 

This process exhibits highly nonexponential behavior especially in the vicinity of Tg. 

We have recently shown (Macromolecules 2011) that single molecule defocused wide-

field fluorescence microscopy (SMDWM) can be used to monitor the 3D reorientation of 

single molecules in a thin polymer film (∼300 nm) of monodisperse poly(n-butyl 

methacrylate) near the glass temperature (Tg). Stroboscopic illumination allows for 

estimating reliable correlation times of single molecule rotational diffusion owing to the 

drastic lengthening of the observable trajectories. We demonstrated that homogeneity is 

restored ∼19 K above the Tg determined with calorimetry. The rotational correlation 

times obtained from SMDWM show similar temperature dependence as the ones 

measured with established bulk measurements, such as dielectric spectroscopy and 

rheology, on the same polymer sample. Single molecular reorientation is coupled to the 

segmental rather than terminal relaxation of the surrounding polymer matrix. SMDWM 

revealed that spatial heterogeneity is more pronounced than temporal heterogeneity 

within the measurement time scale (hours to days), whereas this information is hidden in 

the bulk measurement. 

In this master thesis we want to extend de defocused wide field fluorescence technique to 

the study of the relaxation behavior of polymer blends especially blends with 'no 

thermodynamics' such as PS/oligoPS and address the question whether or not two Tg’s 

are present in such case.  

 

 

Promoter:  Promoter Johan Hofkens, Hiroshi Uji-i 

Faculty/research group: Faculty of Science, Laboratory for Photochemistry and 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Investigation of functional oxides for memory applications 

 

Description:  

It is expected that the scaling of the current memory and logic device concepts is feasible 

for only a few more years. There are several proposals of how to circumvent these scaling 

problems and most of them suggest departures from the standard Si technology. Some of 

them put forth various functional oxides as solutions for a multitude of problems. In these 

cases the oxides are no longer just the gate dielectric but the active material in either two 

terminal devices for memory or three terminal devices (transistor-like) for memory and 

logic applications.  In this context, a lot of the attention has been paid to metal oxide 

resistive switching devices (RRAM) as they promise good performance, scalability and 

3D integration. Recently, three-terminal oxide devices that have memristor-like 

properties have become the focus of intense research as they could mimic synaptic 

circuits and thus allow for ultra low power operation. 

There are different switching mechanisms grouped under the RRAM name. Amongst 

them, this research topic focuses on the Mott metal to insulator transition (MIT) and uses 

vanadium dioxide VO2 as a model material.   The Mott transition takes place in materials 

where band theory predicts metallic behavior, but because of electron correlations a band 

gap opens up as a function of temperature, doping, illumination, pressure etc. It is a first 

order phase transition associated with a sudden resistance change. The challenge is to 

harness these phenomena in a nanoscale memory element or a nanoscale selector for the 

memory element.  

The objective of this thesis is to study Mott material and devices incorporating them. You 

will investigate the underlying mechanisms governing the switching and relate them to 

intrinsic device performance. You will use clean room facilities to fabricate devices and 

state-of-the-art instrumentation to characterize them electrically. You will analyze data 

and assist with their interpretation. If interested, you could participate in the modeling 

and simulation of the devices fabricated. 

 
RRAM memory array with stacked selector (switch) and memory elements 

 

Promoter: Marc Heyns and Iuliana Radu 

Faculty/research group: IMEC 
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Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Nano-Biophysics 

 

Thesis title: Functional nano-engineered surfaces for controlled attachment of proteins 

and cells 

 

Description: Bio-functionalized surfaces are extensively used for studying and 

controlling the biological behavior of biomolecules and cells. It is well known that the 

micro- and nano-environment of immobilized molecules and cells plays an important role 

in maintaining their function and specific properties 
[1]

. Different approaches have been 

proposed and used to selectively immobilize biomolecules onto various substrates. 

Recently, bare metallic nanoclusters deposited on a surface have been used as specific 

binding sites for protein adsorption 
[2]

. The aim of this thesis is to analyze the influence of 

the size and the density of the deposited clusters on the immobilization of proteins. 

Vacuum-deposited gold clusters 
[3]

 will be used with a size range of 1–5nm (matching the 

size of a protein molecule) and different densities. These clusters, deposited on a 

biocompatible, protein-repellent substrate, will function as specific binding site for 

biomolecules. Proteins will be attached to the clusters directly or via a linker molecule.  
You will use atomic force microscopy techniques to investigate the resulting cluster 
pattern after deposition as well as the bio-functionalization of the clusters. With atomic 
force spectroscopy you will probe the interaction between the immobilized molecule and 
its complementary molecule. Quantitative as well as structural information about the 
immobilized molecules will be obtained by quartz crystal microbalance experiments. 
Using these complementary analysis techniques, you are aiming to optimize the cluster 
pattern, i.e. spacing and size of the clusters, in order to control qualitatively and 
quantitatively the immobilization of biomolecules at the nanoscale.  
 
 
 
 
 
 
 
[1] Lee, Y.-S. & Mrksich, M. (2002), Trends in Biotechnology, 20 (12), S14-S18. 

[2] Palmer, R.E. & Leung, C. (2007), Trends in Biotechnology, 25 (2), 48-55. 

[3] Vandamme, N., et al. (2003), Journal of Physics: Condensed Matter, 15, 2983-2999. 

  
Promoter: Prof. Carmen Bartic, Prof. Margriet J. Van Bael 

Faculty/research group: Science/ Laboratory of Solid State Physics and Magnetism 

Daily supervision: Drs. Tobias Peissker 
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← Schematic illustration of  

functionalized Au clusters 

 

    AFM image of surface   

   deposited Au nanoclusters  → 
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Nano-Biophysics 

 

Thesis title: Electronic interactions in quantum dot-enzyme hybrid systems 

 

Description:  

Quantum dot-enzyme hybrid systems combine the unique opto-electronic properties of 

quantum dots (QDs) with the highly specific recognition and biocatalytic properties of 

enzymes
[1,2]

. In these systems, charge and energy transfer interactions between the 

enzyme and QD play an important role in determining the final properties of the hybrid 

system. Moreover, in the presence of the molecule that activates the enzymatic reaction, 

this reaction can be “felt” by the QD as a modulation of its properties
[3]

. For instance, in 

the presence of light, charge transfer from the enzyme to the QD influences the 

photocurrent flowing through the QD (see figure). However, before one can use these 

hybrids as components for e.g. novel biosensors or biofuel cells, a thorough 

understanding of the electronic interactions is crucial. 

The purpose of this master’s thesis is to assemble and characterize QD-enzyme 

systems, which can be used for biosensing. As a first step, you will develop protocols for 

the coupling of enzymes with QDs, using both electrostatic absorption and covalent 

binding. You will make use of commercially available QDs in liquid suspension, or of 

gas phase QDs produced by a cluster source. Scanning probe microscopy and dynamic 

light scattering will be used to characterize the hybrids on surfaces and in solutions 

respectively. In the second step, you will characterize the opto-electronic properties of the 

QD-enzyme hybrids. For this you will record the optical (fluorescent) response of the 

hybrids and perform electrochemical measurements. 

 

 

 

 

 

 

 
[1] Willner et al. The FEBS Journal 2007, 274, 302-309. 

[2] Alexson et al. J. Phys.: Condens. Matter 2005, 17, 637-656. 

[3] Lioubashevski et al. JACS. 2004, 126, 7133-7143. 

  
Promoter: Prof. Carmen Bartic, Prof. Margriet J. Van Bael 
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Example illustrating the photocurrent 

generation in the presence of lactate, the 

molecule activating the enzyme ‘lactate 

dehydrogenase’ (LDH). The electron 

transport to the CdS quantum dots is 

mediated by Cytochrome c (Cyt). For 

more information we refer to Ref. [1]. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Electrical and electromechanical properties of ZnO nanowires 

 

Description: Oxide based semiconductors and in particular ZnO based materials with 

wide band gap offer unique possibilities for applications in electronic devices due to their 

remarkable electronic, optical and optoelectronic characteristics.  The application 

potential is further increased by considering ZnO nanowires, where the strongly reduced 

dimensions give rise to pronounced quantum confinement effects that allow a further 

tailoring of the functional properties. 

 

For your master thesis you will probe with nanometer resolution the electronic properties 

of individual ZnO wires using a combination of electrostatic force microscopy (EFM) 

and scanning gate microscopy (SGM).  Such microscopy requires to first attach electrical 

contacts to individual ZnO nanowires using electron beam lithograph.  The appropriate 

doping is introduced by ion implantation.  With EFM you will then be able to measure 

the electrical potential distribution in a current-carrying nanowire.  On the other hand, 

with the conductive EFM tip acting as a gate electrode, it is possible to induce a 

controllable local potential perturbation and to obtain an SGM image of the nanowire.  

The contacted ZnO wires are prepared in such a way that the central part of the wires is 

suspended above a hole in the oxidized silicon substrate, allowing to mechanically 

deform the nanowires.  This way you will be able to probe the electromechanical 

response of a ZnO nanowire by measuring its electrical resistance while it is 

mechanically deformed with the oscillating sharp tip of the force microsope. 

 
Figure: ZnO nanowire to which four electrical contacts have been attached using 

combined electron beam lithography and lift-off techniques.  The white scale bar 

corresponds to 1 μm. 

 

Promoter: Prof. Chris Van Haesendonck  

Faculty/research group: Faculty of Science / Solid State Physics and Magnetism Section 

Daily supervision: Dr. Yujia Zeng, Dr. Alexander Volodin 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Influence of adsorbates on the electrical properties of few-layer graphene 

 

Description:  

Recently, it became possible to isolate individual atomic layers of carbon from a graphite 

crystal.  These so-called graphene layers have unique two-dimensional electrical transport 

properties that are very sensitive to the attachment of atoms or molecules to the layers.  

This offers interesting possibilities for the use of graphene as gas sensor or as biosensor. 

 

Few-layer graphene is prepared either by mechanical exfoliation of graphite or by 

thermal decomposition of a carbon containing gas on a metallic substrate.  To the few-

layer graphene you will attach electrical contacts using electron beam lithography.  You 

will then investigate in detail how the two-dimensional electronic properties of the 

graphene are affected by the attachment of atoms or molecules.  This investigation will 

make use of standard electrical transport measurements as well as of scanning probe 

microscopy based measurements of the local electrical properties (electrostatic force 

microscopy).  For the interpretation of the experiments you will rely on density functional 

theory (DFT) based simulations (collaboration with the theory group of Prof. François 

Peeters at the University of Antwerp). 

 
Figure: Graphene is a perfect two-dimensional solid. 

 

 

Promoter: Prof. Chris Van Haesendonck  

Faculty/research group: Faculty of Science / Solid State Physics and Magnetism Section 

Daily supervision: Dr. Alexander Volodin, Dr. Yujia Zeng 
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Type of work: Experimental  

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Probing the magneto-electrical properties with scanning probes 

 

Description:  

For your master thesis you will investigate thin films of complex oxides that reveal at the 

same time ferroelectric and ferromagnetic order.  The coupling between both order 

parameters in these so-called magneto-electrical materials results in a multifunctional 

material, where the ferromagnetism can be affected by applying an electrical field and the 

ferroelectricity can be affected by applying a magnetic field. 

 

The samples that you will investigate are thin films of multifunctional metal oxide 

materials that are obtained by co-deposition of the metallic components in a reactive 

oxygen atmosphere.  You will determine the coupling between ferromagnetism and 

ferroelectricity using magnetic force microscopy (MFM) and piezoelectric force 

microscopy (PFM) that can image with nanometer resolution the ferromagnetic domain 

structure and the ferroelectric domain structure, respectively.  The available MFM and 

PFM measuring systems provide the unique possibility to do measurements down to 

liquid helium temperature while applying an electric and/or a magnetic field. 

 

           
Figure: Complex oxides can at the same time be ferromagnetic (property of the electron 

spins) and ferroelectric (property of the electron charges).  Provided the coupling 

between ferromagnetism and ferroelectricity becomes sufficiently strong, ferromagnetism 

can be controlled by applying an electrical field and ferroelectricity can be controlled by 

applying a magnetic field. 

 

Promoter: Prof. Chris Van Haesendonck, Dr. Alexander Volodin  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Functional properties of metalized nanotubes of self-assembling peptides 

 

Description:  

Biological proteins and peptides have the intrinsic ability to self-assemble into elongated 

solid nanofibrils, which may give rise to amyloid diseases or inspire applications ranging 

from tissue engineering to nanoelectronics. Apart from the fibrils, which are extensively 

studied, another intriguing state of self-assembly is that of nanotubes.  The nanotubes are 

hollow cylinders with a typical outer diameter of 100 nm.  The nanotubes are less 

frequently observed and not yet that well understood.  However, these tubes have 

attracted a lot of interest as possible key components for nanotechnology. 

 

The purpose of this thesis work is to control the growth of nanotubes having a length of 

several micrometers and an inner diameter of a few tens of nanometer.  The hollow 

nanotubes will then be filled with silver by the reduction of silver ions and deposited onto 

a properly functionalized substrate.  After structural characterization with nanometer 

resolution using scanning force microscopy and transmission electron microscopy (in 

collaboration with the University of Antwerp), the electrical uniformity of the metallic 

nanotubes will be probed with electrical transport measurements as well as with 

electrostatic force microscopy.  Finally, the possible use of the metalized nanotubes (with 

attached gold or silver nanoparticles, see figure) as coaxial cables will be investigated by 

performing frequency-dependent measurements of the electrical impedance. 

 
Figure: Fabrication scheme for coaxial metal nanocables using a self-assembled peptide 

nanotube [O. Carny, D.E. Shalev and E. Gazit, Nano Letters 6, 1594-1597 (2006)]. 

 

Promoter: Prof. Chris Van Haesendonck, Prof. Carmen Bartic, Dr. Johan Snauwaert  

Faculty/research group: Faculty of Science / Solid State Physics and Magnetism Section 
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 Master Nanoscience and Nanotechnology 

 

 

Thesis title: Optimization of a high-field magnet for pulsed operation 

Description: In the Pulsed Fields Group at the Department of Physics and Astronomy, pulsed 

magnetic fields of about 70 T are generated in the bore of a cylindrical magnet submersed in 

liquid nitrogen and excited by a capacitor bank. During spring 2012, the existing capacitor 

bank of in total 0.5 MJ has been replaced by a 2 MJ capacitor bank. In theory, this would 

enable to operate the magnets at a substantially higher field. However, severe thermal and 

mechanical restrictions hamper such straightforward up scaling. 

The present magnets have been designed and optimized for several decades until now [1,2,3]. 

To that purpose, calculation routines on the basis of (semi-)analytical formulae have been 

developed. Over the years, expertise has been gained on the magnet layout, winding 

techniques, reinforcement fibers (carbon, glass fiber) and impregnation technology. Until 

today, magnets are constructed, tested and used in the laboratory. 

The simulation of the magnet system requires the calculation of coupled electromagnetic, 

structural dynamic (strength) and thermal fields in time domain. Despite of the remarkably 

high accuracy of the existing semi-analytical techniques, it is expected that finite-element 

simulation offer higher design flexibility, thereby possibly opening the way towards higher 

fields and longer life times. A coupled finite element simulation has already been reported in 

[4]. 

This thesis proposal aims at the application of a 2D  transient, electromagnetic, structural 

dynamic, thermal finite element field simulation to an axisymmetric model of the magnet 

(although mechanical deformation disturbs the cylindrical symmetry). An intermediate goal 

consists of achieving a sufficiently reliable simulation tool, e.g. comparable to the existing 

semi-analytical models. Finally, the model will be applied for parameter studies, i.e., for 

changing the existing design according to the new capacitor bank and the new design of the 

cryogenic equipment. 
[1] L. Li, F. Herlach, Deformation analysis of pulsed magnets with internal and external reinforcement, IEE 

Science Meas. Technol. 6, 1995, 1035–1042. 

[2] F. Herlach, T. Peng, J. Vanacken, Experimental and theoretical analysis of the heat distribution in pulsed 

magnets, IEEE Trans. Appl. Supercond. 16(2), 2006, 1689-1691. 

[3] F. Herlach, N. Miura (eds), High Magnetic Fields: Science and Technology, World Scientific Publishing, ed. 

1, vol. 1, Magnet technology and experimental techniques, 2008. 

[4] H. Witte, A. Gaganov, N. Kozlova, J. Freudenberger, H. Jones, Pulsed magnets - advances in coil design 

using finite element analysis, IEEE Trans. Appl. Supercond. 16(2), 2006, 1680-1683. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Design of a new magnetic deflection system for atomic clusters 

 

Description:  

At the KU Leuven the current cluster setup will be extended with a Stern-Gerlach 

deflector. Stern and Gerlach developed in 1922 an experiment to deflect particles to 

illustrate basic principles of quantum mechanics. They were able to demonstrate that 

electrons and atoms have intrinsically quantum properties. The Stern-Gerlach experiment 

involves sending a beam of particles through an inhomogeneous magnetic field and 

observing their deflection (see figure 1) [1]. 

 

     
Figure 1: Typical set-up for the Stern-Gerlach experiment.    Figure 1: 3D electromagnetic simulation of a Rabi-type magnet. 

 

In 1922, computer simulations were not an option. Therefore, the magnetic field system 

was kept simple so that the fields could be calculated analytically. Today, we have access 

to powerful computer simulation packages that make it possible to design more 

complicated magnets, using mathematical optimization algorithms. 

The particle accelerator group of the KU Leuven Kulak is specialized in electromagnetic 

calculations using 2D and 3D Finite Element Modeling tools. Figure 2 shows an example 

of a magnetostatic calculation with CST Studio Suite [2] of a Rabi-magnet. Together with 

the research team, your work will consist of studying and optimizing new designs for a 

magnetic deflection system using state-of-the-art 3D simulation tools. 
[1] Stern-Gerlach experiment. Information from Wikipedia.  

[2] Computer Simulation Technology: http://www.cst.de        
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Semiconductor/insulator structures: interfaces 

 

Thesis title: Probing structural quality of semiconductor heterostructures using electron 

spin resonance  

 

Description:  

 

 When dimensionally downward scaling solid structures from the macro over the 

microscopic down to the nano (quantum) size, the relative importance of surfaces and 

interfaces gradually increases, even towards taking an all dominant role: One atomic-size 

imperfection my imply life or dead for the envisioned functional (physical) property.  

 The technique of magnetic resonance, applied to electrons (ESR), is the unique 

tool enabling, besides characterization, identification on true atomic scale of 

imperfections in fully non-destructive way through sensing the magnetic moment of 

unpaired electrons. 

  Part of the work to be performed implies assisting in taking ESR spectra at low 

temperatures and simulation of observed spectra to infer the relevant parameters. The 

ESR data will be complemented with a parallel study of the electrical properties of the 

centers, thus aiming to back up electrical understanding with atomic insight.  

 Actual challenges imply the interfaces in Ge/GeO2/SiO2, Ge/Si/HfO2, and 

GaAs/oxide entities, where identification of crucial interface traps is envisioned. One 

more item of interest concerns centers in near-interfacial insulating layers. 
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Master Nanoscience and Nanotechnology 

 

 

Thesis title: Oxides with a high dielectric constant on high mobility semi-conductors Ge 

and InGaAs 

 

Description: Dielectric oxides are critical 

elements in many electronic devices for logic 

applications such as metal-oxide-semiconductor 

field-effect-transistors (MOSFET) as well as in 

several memory devices (FLASH and DRAM). 

The requirements (band gap and dielectric 

constant) for the different applications (F=Flash, 

L=Logic, D=Dram) are illustrated in the adjacent 

Figure.  

 

From a fundamental viewpoint, one of the key design challenges in this field, is to create 

dielectrics heterostructures with a high dielectric constant while maintaining a very low 

leakage current. The appropriate materials currently do not exist! Artificial structures 

with novel electric dipole configurations – including interfacial monolayers will be 

designed, developed and tested during this project1.  

 

From an experimental point of view, these oxides will be integrated with semiconductors 

such as Ge and InGaA in capacitor and transistor structures2. One of the major issues 

that prevents the use of Ge and InGaAs MOSFETs today, is the large amount of 

electrically active defects at the interface. By controlling the interface structure and 

chemistry as well as the interatomic stacking sequence using molecular beam epitaxy, 

novel surface passivation strategies will be developed on top of which a high K oxide 

will be grown (ε > 60).  

 

This project can be executed both from a fundamental viewpoint or from a more 

experimental viewpoint. The activities will take place in the framework of a European 

collaboration with industrial partners such as IBM.  

 
1EM Vogel, Nature Nanotechnology, 2, 25 (2007); W. Andreoni et al, Appl. Phys. Lett., 96, 062901 (2010). 
2YN Sun et al., IEEE Elec. Dev. Lett., 28, 473-475 (2007); C. Marchiori et al., J. Appl. Phys., 106, 114112 

(2009). 
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Master Nanoscience and Nanotechnology 

 

 

Thesis title: Electric Field induced Metal - Insulator – Transition for NVM applications 

 

Description: For non-volatile memory (NVM) 

applications, the goal is to change from flash 

technology towards more compact and scalable 

designs using alternative mechanisms. Phase change 

(PCM) and resistive switching memories (RRAM) 

are two popular approaches. While many 

“switching” mechanisms are proposed, we focus here 

on purely electronic phase transition between an 

insulating and a metallic state. The adjacent Figure 

shows the resistivity changes versus temperature for 

the Pr(Ca,Sr)MnO3 compound. 

 

From a fundamental viewpoint, one of the key 

challenges is that  the metal insulator transition 

(MIT) in correlated electron systems is still not fully 

understood (Mott vs Peierls transition). In addition, 

novel materials and/or heterostructures must be designed1 and tested whereby the gap 

opens far above room temperature, and far from “disturbing” structural phase transitions.   

 

From an experimental point of view, MIT oxide thin films will be deposited using sol-gel 

and molecular beam epitaxy methods. The metal-insulator transition will be determined 

as function of applied electric fields and temperature. Finally they will be integrated into 

functional devices such as memory elements and varistors2.  

 

This project can be performed both from a fundamental and from an experimental 

viewpoint. The activities take place in the framework of a collaboration with industrial 

partners.  

 
1J Cao et al., Nature Nanotechnology 4, 732, (2009); M Tomczak et al., EuroPhysics Letters, 86, 37004 (2009).  
2MJ Lee, Advanced Materials, 19, 3919 (2007); BJ Kim et al., IEEE Electron Device Letters 31, 14 (2010). 
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Master Nanoscience and Nanotechnology 

 

 

Thesis title: Magneto-electric heterostructures and composites for novel devices  

 

Description:  

In many applications of magnetic 

materials – as in hard disk storage – a 

large magnetic field is needed to 

reverse the magnetization. However the 

application of a large magnetic field 

required the integration of bulky 

electro-magnets, which is not easy to 

achieve.  A remedy is offered by 

magneto-electric materials, where there 

is an intimate coupling between the magnetic spins and the electric dipoles. Hence the 

application of an electric field leads to a magnetization reversal. And vice versa, the 

application of a magnetic field leads to a ferroelectric dipole moment. 

 

From a fundamental viewpoint, one of the key design challenges is 

that this magneto-electric coupling is rather weak leading to 

unpractically small effects. A strong magneto-electric material 

operating above room temperature does not exist today! Artificial 

structures with a strong coupling between the magnetic spins and 

electric must be designed, developed and tested1. This can be done in 

(0-3) composites (shown here) or in (2-2) heterostructures.  

 

From an experimental point of view, magneto-electric composites and heterostructures 

will be deposited using sol-gel and molecular beam epitaxy methods. The magneto-

electric coefficients will be determined as function of applied magnetic and electric 

fields, both as a function of frequency and temperature. Finally they will be integrated 

into functional devices such as tunnel junctions as well as electric field and magnetic 

field tunable microwave filters2.  

This project can be performed both from a fundamental or an experimental viewpoint. 

The activities will take place in the framework of a collaboration with IBM. 

 
1RJ Zeches et al., Science 326, 5955, 977 (2009); AJ Hatt et al., Physical Review B81, 054109 (2010). 
2P Maksymovych et al., Science, 324, 5933, 1421 (2009); AS Tatarenko et al.,  J. Electroceramics 24, 5 (2010). 
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Master Nanoscience and Nanotechnology 

 

 

Thesis title: Nanoparticles for Electron Emission Cancer Tumor Treatment 

 

Description: Many different chemical and physical routes 

are currently followed of the treatment of tumor cells. One 

such method is based on the natural emission of Auger 

electrons from radionuclides such as 123I, whereby one decay 

releases about 15 electrons with an average energy of 7.5 

keV. This methods has several disadvantages and an 

alternative method is to use photo-excited electrons from K 

and L shells under moderate x-ray radiation (keV range) as 

illustrated in the adjacent Figure. These electrons will be 

emitted from a nanoparticle (NP).  This allows for a much 

lower energy and targeted approach than the standard MeV 

radiation therapy.  

 

From a fundamental viewpoint, one of the key challenges is to determine the optimal 

size, shape and material composition of the NP that will lead to the maximum amount of 

double DNA strand breaks for the lowest irradiation dose. For this, novel alloy core-shell 

nanoparticles will be designed1 -- as illustrated in the above Figure -- and their electron 

emission spectrum will be simulated numerically.    

 

From an experimental point of view, alloy NP will be synthesized in a core-shell 

structure using different methods2. In the next step, the NP will be functionalized using 

antibodies that first bind to cancer cells and then penetrate towards the DNA parts. 

Finally, the functionalized NP will be dispersed in cancer cell cultures, their uptake will 

be determined and the therapeutic effect of the x-ray irradiation on the tumour growth 

rate will be determined.  

 

This project can be performed both from a fundamental as well as from a practical 

viewpoint. The activities will take place in the framework of a strong collaboration with 

the University Hospital. 

 
1
F Van den Heuvel et al., Phys Med Biol, 55, 4509-4520 (2010) 

2
S Pal et al., J. Nanoscience and Nanotechnology 10, 775 (2010). 
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Master Nanoscience and Nanotechnology 

 

 

Thesis title: Oxide semiconductors with high mobility and low band-gap for photovoltaic 

applications  

 

Description: Semiconductor technology 

including solar cells combines two very different 

and incompatible materials, namely simple 

semiconductors and oxides. The former (Si, Ge, 

InGaAs) are essential for efficient carrier 

transport while the latter enable various 

functionalities (such as dielectric, ferroelectric, 

piezoelectric, ...). These material 

incompatibilities always lead to sub-optimal 

properties and devices.   There exists however a 

large class of oxide semiconductors with a carrier mobility around 100 cm2/Vs much 

larger than amorphous Si. Some of these are currently used as transparent conducting 

oxides (TCO). 

 

From a fundamental viewpoint, there are two key challenges, namely to design1 materials 

and heterostructures wherein first a higher carrier mobility is possible and second 

whereby the band-gap can be reduced to the range 0.7 - 2 eV. Oxide compounds that 

fulfill these goals currently do not exist! In particular the options related to suboxides 

have not been explored much. 

 

From an experimental point of view, oxide semiconductors will be grown using sol-gel 

and molecular beam epitaxy. After growth they will be annealed at high temperature 

under different conditions. The electrical properties (resistivity, carrier mobility, band-

gap) will be determined as a function of temperature. Finally an n and p-type oxide will 

be combined with oxide transparent conductors (TCO) into photovoltaic devices  and 

structures2.  

 

This project can be performed both from a fundamental and from an experimental 

viewpoint. The activities will take place in the framework of a collaboration with 

industrial partners. 
1B. Falabretti et al., J Applied Physics 102, 123703 (2007);  J Robertson, J Non-Crystalline Solids 354, 2791 (2008). 
2H. Ohta et al., Advanced Functional Materials, 13, 139 (2003);  K. Nomura et al., Science, 300 1269 (2003). 
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Master Nanoscience and Nanotechnology 

theme:    

 

Thesis title: Fabrication of Lithium coin cells using Ionic liquids and Olivine 

 

Description:  

Lithium-ion batteries are the systems of choice, offering high 

energy density, flexibility and longer lifespan than most other 

types of battery. The life time of a battery depends on the 

nature of the interfaces between the electrodes and electrolyte, 

whereas safety is a function of the stability of the electrode 

materials. Cathode materials based on lithium metal phosphates 

(LiMPO4, M= Co, Ni, Fe, Mn) (operation voltage ≥5 V) can 

offer safety, power and energy to satisfy the fast growing large 

platform applications.  

 

The strongest assets of ionic liquids (ILs) such as 

stability at high anodic potentials, wide liquid range and high 

conductivity make them attractive as lithium battery 

electrolytes. 

 

From a fundamental viewpoint, there are two challenges, i) 

creating materials (fluorophosphates see adjacent figure) that 

allow a better strain accommodation upon 

charging/discharging and low interfacial resistance ii) selection of suitable ILs to 

overcome its electrochemical stability problem at the cathode and to prevent cathodic 

decomposition into electrolytes. 

 

From an experimental point of view, Li2MPO4F (M = Co, Ni) will be synthesized either 

by solid state reaction or sol-gel method and its thermal and structural properties will be 

investigated. Finally complete Lithium coin cells will be fabricated using optimized 

cathode and ILs.  

 
1
S. Nishimura et al., Nature Materials, 7, 707 (2008) 

2
H. Ohno et al., Journal of Power Sources 1174, 342 (2007)  
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Master Nanoscience and Nanotechnology 

 

 

Thesis title: Theoretical study of strongly correlated electron systems  

 

Description:  The theoretical description of interacting many-particle systems remains 

one of the grand challenges in condensed-matter physics. Solving the full many-particle 

Schrodinger equation is impossible, as the computational effort increases exponentially 

with system size. One solution is to treat the electron-electron interactions at a mean-field 

level, reducing the many-electron problem to a single-electron problem. Models based on 

this approximation, e.g. density functional theory (DFT), are very successful at 

explaining the properties of weakly correlated systems, but generally fail at describing 

properties due to strongly correlated electrons such as metal-insulator transitions, 

magnetoelectricity, high Tc superconductivity, colossal magnetoresistance, …Another 

approach is to simplify the full Hamiltonian to a model Hamiltonian. This simplified 

model can’t explain the detailed features of real materials, but still can give a good 

quantitative description. However, even for the simplest model, in which only the on-site 

Coulomb interaction is considered, the exact solution is only knows for the one 

dimensional model. Therefore, various approximations were developed to gain insights 

into the model. The dynamical mean-field theory (DMFT), is such an approximation 

which maps the lattice onto a quantum impurity model subject to a self-consistent 

condition.  

 

The real breakthrough in describing strongly correlated electron systems came recently, 

with the combination of DFT and DMFT (DFT+DMFT). The strategy here is based on 

the observation that although DFT often leads to qualitatively wrong results for the 

strongly correlated materials, it can usually provide quite reliable parameters for these 

systems. These parameters can be in turn used to construct a many-body Hamiltonian 

which is specific for the particular material under study.  

 

The main goal of this project is to study strongly correlated electron systems like those 

showing a metal-insulator transition (V2O3, VO2) or multiferroic behavior (BiFeO3, 

BiMnO3) in connection with the experimental work performed in the group.  The 

activities of the student will include the further implementation of the impurity solver as 

well as the application to real materials. Extensive programming experience is a plus.  

 

This project is performed in close collaboration with ETH Zurich and the student will be 

able to exchange results and interact with them on a regular basis including visits.  
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Master Nanoscience and Nanotechnology 

 

 

Thesis title: Optical and electrical properties of amorphous and crystalline group IV 

materials  

 

Description:  Silicon, germanium and tin belong to group IV of the periodic table. When 

these elements are ordered in a crystal, they become semiconducting and exhibit unique 

optical and electrical properties. The degree of structural ordering determines these 

properties. Silicon is the most widely used semiconductor material, especially in 

electronics and photo voltaics (PV). Alloying Si with Ge lowers the band gap and 

increases the carrier mobility. Even higher carrier mobilities and lower band gaps can be 

obtained by alloying Ge with Sn. Higher carrier mobilities are useful to increase the 

switching speed of electronic devices. Low band gap energies are useful to better match 

the solar spectrum in PV applications or for infrared photodetectors.  

 

In this project SixGeySn1-x-y layers will be characterized. The optical and electrical 

properties in function of composition will be determined. The influence of order 

(amorphous, poly crystalline and single crystalline) on the optical and electrical 

properties will be investigated. The ordering and crystal quality will be measured by X-

ray diffraction (XRD). Atomic force microscopy will be applied to get information on the 

surface morphology and roughness. Absorption spectroscopy will be used to determine 

the extinction coefficient and deduce the optical band gap energy. The carrier mobility 

and concentration will be investigated with Hall effect and capacitance-voltage 

measurements, respectively. SiGeSn layers, deposited by molecular beam epitaxy or 

plasma enhanced chemical vapor deposition, will be provided to the student.  

 

The main goal of this thesis is to determine the optical and electrical properties of 

amorphous and crystalline semiconducting layers of group IV. Al2O3 substrates will be 

used as transparent substrate for absorption spectroscopy measurements. Si and Ge 

substrates will be used to obtain crystalline layers of high structural quality. 

 

The activities of this master thesis include absorption spectroscopy, X-ray diffraction, 

atomic force microscopy, Hall effect and capacitance-voltage measurements to 

investigate the optical band gap, crystal quality, surface morphology, carrier mobility and 

carrier concentration, respectively. 
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Master Nanoscience and Nanotechnology 

 

 

Thesis title:  In-situ atomic layer / molecular beam deposition and characterization of 

oxide high mobility semiconductor interfaces 

 

Description:   

 

To drive further the performance of MOS technology, there is an increased focus on 

replacing Si by semiconductors with a higher carrier mobility (e.g. Ge, GaAs, InGaAs or 

InP). The key stumbling block preventing high performance III-V MOS devices is the 

presence of a high density of defects at the interface between the semiconductor and the 

dielectric. While traditional deposition techniques such as atomic layer deposition (ALD) 

are widely used for the deposition of dielectrics, they are not well suited to control the 

interface properties. On the other hand, ultrahigh vacuum techniques such as those used 

in molecular beam epitaxy can provide a much better prepared and cleaner 

semiconductors surface state.   

 

In this project we will combine the best properties of both deposition approaches with in-

situ characterization. Using our ultrahigh vacuum systems, we will first prepare different 

dedicated semiconductor surface configurations (substrate termination, specific 

reconstructions, monolayer deposition, interface templates, etc). The properties of these 

surfaces will be verified with different in-situ analysis techniques. In a second step, these 

surfaces will be introduced into the ALD deposition system and the growth of the oxide 

ALD layers will be performed. As the oxide layers are build up, their properties will 

again be monitored in-situ.  

 

The main goal of this thesis is to find that oxide interface configuration on high mobility 

semiconductors that leads to the lowest defect density. The starting substrates will be Ge, 

GaAs and InGaAs (for the semiconductors) and Al2O3 for the gate oxide. The activities 

of the student will include the substrate preparation with MBE as well as the growth of 

the oxide with ALD, besides using the different in-situ characterization methods.  

 

These research activities are well aligned with our international industrial partners and 

the student will be able to exchange results and interact with them on a regular basis.  
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Plasmonic 2D crystals with gain 

 

Description:  

 

Surface plasmon polaritons(SPP) are electromagnetic excitations propagating at the 

interface between a dielectric and a metal. A strong coupling between electromagnetic 

fields and the oscillations in the metals electron plasma give rise to these waves. SPP’s 

are highly confined to the metal surface and have shorter wavelengths then the photonic 

equivalent. They are therefore interesting for sensing and miniaturization of optical 

circuits.  

 

The use of SPP’s for optical circuits has however been quite challenging due to the high 

losses in the metal. Because of this, there has been much interest in adding gain to 

plasmonic devices. Optical gain introduced by fluorescent-doped dielectrics or 

semiconductors can compensate for metal losses extending the propagation length of the 

SPP’s. If the gain exceeds the metal losses this can even lead to lasing. 

At imec a process has been developed that creates thin GaAs/AlGaAs wells on a silver 

surface. For this master thesis we propose patterning these layers to form 2D plasmonic 

crystals equivalent to photonic crystals, which can be used as a waveguide or as a 

resonator. By pumping the GaAs-layer we intend to introduce gain, improving 

performance of these plasmonic devices.  

 

The student will use 2D and 3D finite difference time-domain simulation to better 

understand and design plasmonic crystals. He will learn to work in the imec cleanroom to 

processes the designed samples. The processed samples can be tested in the optical labs at 

Imec or the physics department. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Two photon lithography with plasmonic nanoantennas 

 

Description:  

Plasmonic nanoantennas are metallic nanoparticles that can be considered as classical 

oscillators at the nanoscale. They act as antennas, converting electromagnetic waves at 

optical frequencies into localized fields. As such, they provide an effective way to study 

light-matter interactions at the nanoscale by coupling photons in and out of nanoscale 

volumes and manipulate them.  

 

Applications of surface plasmon resonances are widespread, nurtured by nanotechnology, 

and already approaching a level of maturity that gives them a prominent position to 

contribute to some of today’s most important challenges: energy harvesting, cancer 

treatment, disease diagnostics, DNA sequencing, and optical computing. 

 

The localization of light to nanoscale mode 

volumes, much smaller than the classical 

diffraction limit encountered in conventional 

optics, is accompanied by strong enhancements of 

the local electromagnetic field intensities, also 

known as hot-spots. These field enhancements 

can trigger nonlinear optical processes, such as 

two-photon absorption in photoresist coatings. 

The resulting cross-linking in the photoresist 

makes it resistant to certain chemicals in a 

development step. Consequently, this two-photon nanolithography creates very small 

nanopillars exactly in the plasmonic antenna’s hot-spots.  

 

In this thesis, a two-photon lithography setup will be implemented. Different 

combinations of photoresist coatings and nanoantenna geometries developed at imec will 

be investigated and optimized. The student will gain hands-on experience with optical 

experiments. Sample preparation will partially be handled by the student with access to 

the imec cleanroom. Further sample characterization will be done by scanning electron 

microscopy (SEM), optical spectroscopy (in close collaboration with the department of 

physics), and by means of FDTD simulations. 
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Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Nanoparticles and superconductivity 

 

Thesis title: Manipulating superconductivity by implanting Fe atoms 

 

Description:  
Superconductivity and ferromagnetism are well known to be two antagonistic 

phenomena, which implies that they exclude each other. When an interface between a 

superconductor and a ferromagnet is created, a “proximity effect” appears which leads to 

a modification of the superconducting properties. This effect can be used to manipulate 

the superconducting properties by modifying the magnetic state of the ferromagnet. It is 

expected, however, that the ferromagnet is also influenced by the superconductor. So far, 

very little is known on how the ferromagnet behaves when the superconductor becomes 

superconducting since the strong diamagnetic response of the superconductor prevents 

the study of the ferromagnet using conventional methods. In this project, local-probe 

nuclear methods will be used to gain this unique insight into the ferromagnet. The system 

to be studied is a granular superconductor/ferromagnet hybrid created by implantation of 

Fe ions into a Sn thin film. This is a new class of hybrids which offers new possibilities 

in terms of superconductivity tuning. The project includes the development of optimal 

preparation parameters to create the hybrid and advanced characterization using 

laboratory-based (magnetization and magnetotransport, Mössbauer spectroscopy) and 

synchrotron based methods (nuclear resonant scattering). 
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Atomic force microscopy image of  flat 

superconducting Sn islands which you will use 

for implantation of Fe atoms to create a 

superconductor/ferromagnet hybrid structure 

105



 

  

  

 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Self-organization and growth of thin films 

 

Thesis title: Nanopattern formation using medium energy ion beam sculpting 

 

Description:  

Ion beam irradiation is a broadly used process in various areas of science and technology. 

One particular application is ion beam sputtering – atoms on the surface are ejected 

(sputtered) from the material after an ion impact. This process is used e.g. for removal of 

surface contamination or in chemical depth profiling techniques. The stochastic nature of 

this process usually leads to the formation of undesirable surface roughness. However, 

using the proper conditions, this roughening can turn into the formation of periodic 

nanoscopic morphologies (see figure). In our group, we study the formation of these 

periodic morphologies on metallic surfaces. So far, we have studied the influence of a 

broad range of parameters on the pattern formation process. Based on the experimental 

results we have developed a model for the pattern formation which provides a deeper 

insight into the physical phenomena that govern the patterning. 

One of the important properties of the nanoscopic pattern is the degree of organization, 

which can be quantified by the pattern correlation length (see insets of the figure). This 

dependence has been studied so far only for the low ion energy range (below 5 keV). 

The aim of this project is to study the pattern formation on metallic surfaces in the 

medium ion energy range (10 – 100 keV). For this purpose, the ion beam will be 

provided by an ion implanter in the “Ion and Molecular Beam Laboratory” (IMBL) and 

will be further decelerated to the desired energy by use of the so-called soft landing 

module. Ion irradiation will take place within the ultra high vacuum system in the IMBL. 

Samples will be studied in situ by scanning tunneling microscopy (STM) without 

exposure to air.  

The experimental part of the project will 

mainly involve the sample preparation by 

Molecular Beam Epitaxy, the ion beam 

irradiation and characterization with the 

scanning tunneling microscopy. Additionally, 

computer simulations are carried out to 

calculate the pattern formation. 
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Magnetism and superconductivity 
 

Thesis title: Mössbauer study of the superparamagnetism of Fe nano-islands 
 

Description:  

During the past few decades an enormous evolution has taken place towards the 

miniaturization of technological devices, e.g. hard disks. This is a direct consequence of a 

significant amount of scientific research into many kinds of nanoscale objects, especially 

magnetic materials. Still, there are many challenges in the field of nanoscale magnetism 

and especially magnetization dynamics (i.e. the evolution of the magnetization at short 

time scales) is being intensively investigated. 

This project will mainly focus on the superparamagnetic behavior of iron nanoparticles. It 

is well known that by decreasing the size of a ferromagnet, the magnet will go from a 

multidomain state towards a single domain state. If these particles are small enough and 

closely packed together, they will become unstable against temperature and the 

magnetization of the particles will continuously flip between different orientations. 

Cooling the particles below a certain temperature (the blocking temperature TB) will 

cause the magnetization to be static again. Many studies in this field focus on spherical 

particles, but here the goal will be to study disconnected, islands-like particles of Fe. Due 

to the reduction of symmetry, one can expect a different behavior than in the spherical 

case. 

Since we are dealing with very small amounts of Fe, the ultra-sensitive technique of 

Mössbauer spectroscopy will be used to investigate the magnetic properties of the 

islands. This nuclear technique measures the splitting of the nuclear levels of 
57

Fe due to 

the interaction of the nucleus with the electronic environment (hyperfine interactions). 

This splitting will provide valuable information on the magnetism of the Fe particle and, 

since the decay of a nucleus has a certain lifetime, this will also yield information on the 

dynamics of the system. During the thesis work you will study the growth of these 

particles in the “Ion and Molecular Beam Laboratory” (IMBL), and characterize them in 

situ via atomic force microscopy (AFM) or ex situ via magnetometry techniques. 

Mössbauer spectra will be acquired using a laboratory source, as well as via its 

synchrotron-based variant, nuclear resonant scattering.  Moreover, the effect of 

depositing another material on top of the Fe particles will be considered.  This project 

also offers opportunities for research abroad, including the use of synchrotron facilities. 
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Thin film formation 

 

Thesis title: Investigating the effect of W on the solid phase reaction of nickel silicides 

 

Description:  

Silicides, i.e. compounds between a metal and silicon, formed through the reaction of a 

metal film with a Si substrate, are often used as electrical contact layers in semiconductor 

devices. As device dimensions are drastically decreasing, the requirements for these 

silicide thin films become increasingly stringent.  

Currently, NiSi is used in CMOS-devices. However, the NiSi phase suffers from two 

degradation mechanisms at elevated temperature: (i) the formation of NiSi2, a phase with 

a high resistivity, and (ii) agglomeration of the thin film. This problem is circumvented 

by adding a third elements to the system, such as Pt. Other elements result in an improved 

thermal stability as well, but attain this effect most probably through an entirely different 

mechanism. One of these elements is W.  

The aim of this project is to disentangle how the addition of W establishes an improved 

stability of a NiSi thin film, by studying the phase formation sequence, the kinetics of the 

reaction, the texture and the morphology. In this study, we will intensively use 

Rutherford backscattering spectrometry (RBS), available at the “Ion and Molecular Beam 

Laboratory” (IMBL). RBS is a nuclear scattering technique yielding quantitative 

compositional depth information by recording the energy of the backscattered He ions 

that impinge on the sample. RBS enables us to record the depth (re)distribution of the 

(additive) elements during the reaction and provides information on phase formation. 

These measurements will be complemented with X-ray diffraction (XRD) to determine 

the crystalline phase. In particular, to obtain a complete view of the reaction and 

redistribution processes, RBS and XRD will be performed 

in real time, i.e. spectra are continuously collected during 

the silicide reaction.  

The quantitative analysis of the big batches of RBS data 

can be very time consuming. To this end, we make use of 

artificial neural networks (ANNs), an approach which is 

based on pattern recognition. 
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 Master Nanoscience and Nanotechnology 

 
 

Thesis theme: Magnetism at the mesoscopic scale; multifunctional materials 
 

Thesis title: Magnetoelectric coupling at the interface between ferromagnetic and 

ferroelectric materials in ‘composite multiferroics’ 

Description:  

Multiferroic materials have been a hot topic of research in recent years. One of the 

potential applications is the creation of high-powered computer memories and other data 

storage devices with a very high storage capacity. These multiferroics are rare materials 

in which more than one “ferroic” order parameter is present (see figure). Our interest lies 

in the coupling between ferroelectric and 

ferromagnetic order parameters, which is 

called magneto-electric (ME) coupling. The 

ME coupling is rather weak in multiferroic 

materials consisting of one single phase. 

Therefore our aim is to couple the ferroic 

orders of ferroelectric (LiNbO3) and 

ferromagnetic (Fe3Pt) materials via an 

interface in a multilayer hybrid structure. 

The goal is to achieve a hybrid material in 

which the magnetic properties can be 

adjusted using an external electric field.   

The ferromagnetic layers will be grown on  ferroelectric substrates using molecular beam 

epitaxy (MBE). Magneto optic Kerr effect (MOKE) will be used to study the electric 

field modulation of the magnetic properties. The Kerr effect is the modification of the 

polarization state of light upon reflection from a magnetic material in the presence of an 

external magnetic field. This modification in the polarization state is recorded at different 

values of the external magnetic field and a hysteresis loop is obtained. When we will 

apply an electric field across the thickness of the sample, the change in magnetic 

properties as a function of electric field can be observed. The thesis will focus on the 

growth of these novel hybrid structures and the characterization of the magnetoelectrioc 

coupling at the interface.  Apart from laboratory-based measurements, this will also 

include the use of synchrotron radiation and neutron scattering at large research facilities 

abroad for the determination of the electric-field dependent magnetic properties. 
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 Master Nanoscience and Nanotechnology 

 

Thesis theme: Clusters and laser spectroscopy 
 

Thesis title: Mass spectrometric study of multiferroic nanoclusters 

 

Description:  

The interplay between electricity and magnetism has fascinated scientists and engineers 

for centuries. Materials that combine more than one ferroic ordering, such as 

ferromagnetism, ferroelectricity, and ferroelasticity, are called multiferroics. Of particular 

interest for devices applications are magnetoelectric materials, where an intimate 

coupling between electrical polarization and magnetization can be established in a single 

material.   

In order to create and tune the functionality of multiferroics a control of the atomic-scale 

structure is indispensable.  High-quality multiferroics require the fabrication of single-

phase complex oxides with strain and crystal chemistry being crucial parameters. A basic 

question in this respect is: “What will happen to the magnetoelectric phenomena when 

the lateral island size is reduced to dimensions that are smaller than the typical magnetic 

domain sizes?” 

You will address this question at the subnanometer size limit by studying small clusters 

that are made of materials, which show multiferroic properties in the bulk or in thin films 

such as CoCr2O4, BaTiO3, FeTiO3, and BiFeO3. You will produce beams of bimetallic 

oxide clusters of sizes up to a few hundreds of atoms with a dual-target dual-laser 

vaporization source. The clusters are oxidized by adding oxygen to the helium carrier gas.  

A high resolution mass spectrometric study of the cluster distribution will allow to 

indentify which stoichiometries are preferred in small clusters. Photofragmentation 

studies, i.e., irradiation of the clusters with an intense laser beam, will be used to identify 

the stable building blocks of the clusters. In a later stage the clusters will be deposited on 

a flat surface and the electric and magnetic properties of the individual clusters will be 

studied. 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Clusters and laser spectroscopy 
 

Thesis title: Magnetron sputter source for cluster production and deposition 

 

Description:  

Nanoparticles and clusters can be produced in many different chemical and physical 

ways. Advanced technologies have been developed to facilitate cluster deposition in 

order to study properties of clusters and cluster-assembled systems on surfaces. As their 

physical properties are strongly size dependent, controlling the size of the produced 

clusters is of utmost importance.   

In this thesis you will optimize a new cluster source for cluster production and deposition, 

based on magnetron sputtering and gas aggregation. In this source, atoms are sputtered 

from the target material by an Ar plasma, while a stream of He gas carries the atoms into 

a liquid nitrogen cooled ag¬gre¬¬gation tube.  

This cluster source is able to generate an intense beam of clusters with sizes ranging from 

a few atoms to 10 nm. Your work will consist of exploring different ways to control and 

tune the size of the produced clusters, e.g. by varying the position of the sputter head in 

the growth tube, by controlling the temperature and the partial pressures of the Ar and the 

He gas. Mass selection of the cluster beam can be achieved by implementing a 

quadrupole mass selector. The size distribution of the produced clusters can be 

determined by time-of-flight mass spectrometry.  

You will also describe the obtained dependencies of the cluster size distribution on the 

source parameters qualitatively, using existing models for the growth of metal particles 

by inert gas condensation. 
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Type-II superconductivity 
 

Thesis title: Local visualization of vortex dynamics 

 

Description:  

Low temperature scanning probe microscopy (SPM) techniques are very powerful tools 

to investigate a variety of interesting superconducting systems. The spatial resolution of 

these systems allows researchers to map the variations in the superconducting condensate 

or variations in the magnetic field profile at the nanometer scale. Therefore both 

techniques were extensively used in the previous years to investigate the static properties 

of vortex matter in a superconductor [1].  

 

 
Figure 1: Static visualization of vortices 

 

The major back draw of the aforementioned techniques is the low capturing rate to take 

an image (at least a few minutes), making it impossible to visualize dynamical effects. 

Nevertheless, a lot of interesting physics can be found in the motion of vortices (e.g. 

vortex rectifiers [2]). 

 

The aim of this thesis is to create new scanning probe microscopy functionalities, which 

allow us to visualize the motion of vortices with single vortex resolution.  

 
 [1] R. B. G. Kramer R. B. G. Kramer, A. V. Silhanek, J. Van de Vondel, B. Raes and V. V. Moshchalkov, 

Phys. Rev. Lett. 103, 067007 (2009) 

[2] C. C. de Souza Silva, J. Van de Vondel, M. Morelle and V. V. Moshchalkov, Nature 440, 651 (2006) 
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Nano-scale luminescence of silver nanoclusters for white light generation 

and down-conversion of solar spectrum 

 

Thesis title: Silver nanocluster doped glasses for white light generation and down-

conversion of solar spectrum 

Description   Silver (Ag) single ions are known as commercial blue phosphors for 

luminescent lamps and screen monitors. Recently we have developed oxyfluoride glasses 

and crystals doped with silver (Ag) nanoclusters consisting of few Ag atoms [1,2]. These 

Ag nanoclusters doped glasses and crystals emit very broad luminescence band covering 

all visible spectrum. This luminescence can be used for generation of white light driven 

by UV light excitation and conversion of light frequency of solar light from 

ultraviolet/violet/blue part of the spectrum to the visible and near-infrared part of the 

spectrum for enhancement the efficiency of solar cells [1,2]. The advantage of glass and 

nanopowder hosts for Ag nanoclusters is a possibility of producing in thin films and 

fibers shapes. 

 The particular task of the thesis student consists of the: 

a) Preparation of Ag doped glasses 

b) Optical spectroscopy and modeling the luminescence of Ag nanoclusters 

This subject is multidisciplinary and will allow the student to get into contact with 

other important scientific disciplines 

 
1. V.K. Tikhomirov, V.D. Rodríquez, D. Kirilenko, G. Van Tendeloo, and V.V. Moshchalkov, “Preparation 

and luminescence of bulk oxyfluoride glasses doped with Ag nanoclusters,“ Opt. Express, 18, 22032-22040 

(2010). 

2. V.K. Tikhomirov, T. Vosch, E. Fron, V.D. Rodrıguez, J.J. Velazquez, G. Van Tendeloo, J. Hofkens, M. 

Van der Auweraer and V. V. Moshchalkov, “Luminescence of oxyfluoride glasses co-doped with Ag 

nanoclusters and Yb3+ ions”, RSC Advances, 2012, 2, 1496–1501. 

C

10 nm
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Luminescence at nanometer scale for application in solar cells 

 

Thesis title: Harvesting the solar energy by down-conversion of solar spectrum 

 

Description:  

Rare-earth ions, such as erbium (Er), ytterbium (Yb), europium (Eu), terbium (Tb), are 

known for efficient luminescence and are commonly used in lasers and phosphors for 

luminescent lams and screen monitors. 

Recently, a new area of application for rare-earth doped materials has been emerged: 

solar spectrum down-conversion, i.e. high efficiency conversion of solar light frequency 

from ultraviolet/violet/blue parts to the visible and near-infrared parts of the spectrum, 

where energy conversion efficiency of solar cells approached theoretical maximum of 

100%. The down-conversion efficiency is shown to approach 200% quantum yield [1,2] 

by Er-Y co-doped glass-ceramics depicted below. The particular task of the thesis student 

consists of the: 

a) Preparation of optimized rare-earth doped glass-ceramics 

b) Optical spectroscopy and modeling of the luminescence. 

This subject is multidisciplinary and will allow the student to get into contact with other 

important scientific disciplines and collaborators from laboratories from abroad. 

 
1. V.D. Rodríquez, V.K. Tikhomirov, J. Mendez-Ramos, A.C. Yanes, and V.V. Moshchalkov, “Towards 

broad range and highly efficient down-conversion of solar spectrum by Er
3+

-Yb
3+

 co-doped nano-scale 

glass-ceramics,” Sol. Energy Materials & Solar Cells 94, 1612-1617 (2010). 

2. V.K. Tikhomirov, V.D. Rodríquez, J. Del-Castillo, G. Van Tendeloo, and V.V. Moshchalkov, 

“Optimizing Er/YbratioandcontentinEr–Ybco-dopedglass-ceramicsfor 

enhancementoftheup-anddown-conversionluminescence”, Sol. Energy Materials & Solar Cells 

(2012),doi:10.1016/j.solmat.2012.01.019 
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Superconductivity in Diamond 

 

Thesis title: The superconducting-insulating transition in boron doped diamond 

 

Description:  

 

Although diamond has always been adored as a jewel, it shows even more fascinating 

physical properties; it is the hardest material ever known, it has the highest thermal 

conductivity at room temperature and in its pure form it can withstand very high 

electrical fields.  

 

When charge carriers are introduced in diamond (C), e.g. by chemical doping with Boron 

(B), C1-xBx exhibits an insulator-to-metal transition (pMott ~2 10
20

 cm
-3

 ).  Diamond with 

moderate boron doping (p~10
17

-10
19

 cm
-3

) becomes a p-type semiconductor, with boron 

acting as an acceptor.  In this form, it is a promising material for electrical applications, 

such as high frequency and high power 

devices, because of its high breakdown field 

(>10MV/cm) and high carrier mobility.  

 

Heavily doped boron-diamond shows 

metallic conduction, and even more, C1-xBx 

becomes superconducting, with relatively 

high critical temperatures Tc.  

 

This project will concentrate on studying the 

superconducting properties of this heavily 

doped diamond, and more in detail, the 

superconducting / insulator transition which 

is related to the granular behavior of these 

fascinating system (see figures). 

 

 

Promoter: V.V. Moshchalkov 

Faculty/research group: Faculty of Science, INPAC 

Daily supervision: Gufei Zhang / Johan Vanacken 

Graduating option: Natural Science 

Type of work: Experimental & Modeling 

Number of students: 1  

 

115



  

  

 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: Vortex Imaging in Superconducting Nanostructures 

 

Thesis title: Visualization of Vortex – Antivortex dynamics in Superconductors / 

Ferromagnet hetero-structures 

 

Description: Over the last decades, phenomena originating from the interplay of two 

mutually exclusive states of matter, superconductivity and ferromagnetism, combined in 

superconductor-ferromagnet hybrids, have attracted much attention in both experimental 

and theoretical studies. Considerable efforts, fuelled to a great extent by perspectives to 

improve the superconducting critical parameters, have been focused on vortex pinning in 

heterostructures, composed by planar superconductors and submicron ferromagnetic dots. 

In particular, a dot with sufficiently strong magnetization and/or large enough size can 

create vortices or pairs of vortices in the superconductor giving rise to a variety of 

nontrivial commensurability effects and novel stable vortex-antivortex (V-AV) 

configurations in superconducting films with regular arrays of magnetic dipole. 

The objective of this master thesis is to 

investigate the vortex dynamics in 

superconductor-ferromagnet (S/F) hetero-

structures with a single in-plane magnetic 

dipole in the regime where the magnetic 

dipole periodically generates V-AV pairs. 

We will visualize superconducting vortex 

patterns in such Superconductor 

/Ferromagnet hybrid  by means of the 

Scanning Hall Probe microscopy 

technique, which will provide a rich 

overview of the vortex distribution in a 

wide range of fields and temperatures. In 

specific conditions, the use of an applied 

transport current or and ac magnetic field 

excitation will allow the study of vortex 

dynamics in these systems. 
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: nanophotonics, scanning prope microscopy, nanoplasmonics   

 

Thesis title: Near field optical microscopy of plasmonic nanosystems 

 

Description:  

The optical excitation of surface plasmons on metallic nanostructures provides 

numerous ways to control and manipulate light at nanoscale dimensions. This has 

stimulated the development of novel optical materials, innovative new devices, and 

applications with significant technological and societal impact. Plasmonic excitations 

allow the guiding of light and localization of optical fields beyond the diffraction limit. 

Any progress in nanoplasmonic technology depends on a detailed knowledge of the 

plasmonic properties with nanoscale optical resolution, i.e., one needs the ability to look 

into the optical near field, beyond the diffraction limit. A technique allowing 

circumventing this limitation from classical optics is Scanning Near Field Optical 

Microscopy (SNOM) (see figure). 
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In this thesis, plasmonic nanoantennas will be investigated using the SNOM technique. 

The aim is to obtain a deeper understanding of the electromagnetic near field 

distributions in individual and coupled resonators, as well as a detailed comparison 

between their near and far field spectral response. Finite difference time domain (FDTD) 

simulations will be used to back-up the experimental results. 
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 Master Nanoscience and Nanotechnology 
 

Thesis title: Molecular dynamics of a lipid bilayer-embedded ion channel and its 

application towards the design of novel peptidomimetic molecules 

 

Background:  

Our lab studies fundamental ion channel regulation with translational applications and focus on 

hemichannels (half of a gap junctional channel) consisting of the 43-kDa connexin protein (Cx43). 

Cx43 hemichannels provide a release pathway for signaling molecules like ATP. However, during 

pathophysiological conditions (like ischemic insults in the brain or heart), excessive opening of 

these hemichannels leads to the loss of metabolites and electrochemical gradients over the plasma 

membrane, eventually resulting in cell death. Thus, blocking Cx43 hemichannels during cardiac 

ischemia reduces infarct size, resulting in cardioprotective effects. Recently, our lab identified the 

molecular determinants underlying opening and closing of Cx43 hemichannels and developed novel 

peptide tools that impose Cx43-hemichannel inhibition (Ponsaerts et al, FASEB J, 2010). Our 

strategies involve biophysical, molecular biological and cell biological approaches. Recently, we 

implemented molecular dynamics simulation approaches to obtain essential insights in the 

functioning of the Cx43 hemichannel at the atomistic level for rational drug design. 

 

Research proposal: 

SIMULATIONS: 

Atomistic and coarse grained molecular dynamics simulations (GROMACS) with the focus on 

intramolecular interactions of cytoplasmatic oriented loops and tails will be performed. Simulations 

and atomistic dockings (Lamarckian Genetic; Monte Carlo Simulated Annealing) with 

physiological active peptides and chemical compounds will be performed to model their working 

mechanism. Computational electrophysiology simulations will yield information about the 

permeation of ions/water and dimensions of the pore in time. Since ion permeation, conductance and 

gating properties for wild-type and mutant Cx43 channels have been studied via patch-clamp 

studies, this information can be correlated to the obtained simulation data. This will include e.g. 

description of the free energy profile of a permeating ion and characterization of the molecular 

profile of the selectivity filter. In our lab, we perform simulations and dockings on a standalone 

Linux/FreeBSD system (48-core AM64 Magny-Cours server with two GTX580 (512 CUDA cores) 

cards ). For additional calculation power we use the Flemisch Linux Cluster 

(www.vscentrum.be/en). 

Optional: pharmacophore modeling and in silico chemical compound library screening 

EXPERIMENTAL VALIDATION: 

Interactions between peptides/proteins/chemical compounds are measured by performing surface 

plasmon resonance (SPR) experiments on a Biacore T200 device. We also implemented the novel 

alpha-screen technology, which can be applied for this project. Quantitative protein/membrane 

stability assays can be performed in our lab. Other biophysical measurements, such as isothermal 

titration calorimetry (ITC) and NMR-spectroscopy, will be performed in collaboration with other 

labs of the KU Leuven.  
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 Master Nanoscience and Nanotechnology 

 

 

Thesis theme: nanophotonics, nanoplasmonics 

 

Thesis title: Nanoscale optical confinement in plasmonic resonators for enhanced light-

matter interactions  

 

Description:  

Plasmonic nanoantennas are metallic nanoparticles that can be considered as classical 

oscillators at the nanoscale. They act as antennas, converting electromagnetic waves at 

optical frequencies into localized fields. As such, they provide an effective way to study 

and manipulate light-matter interactions at the nanoscale by coupling photons in and 

out of nanoscale volumes. Applications are widespread and rapidly evolving: energy 

harvesting, cancer treatment, disease diagnostics, DNA sequencing, optical computing, 

etc. 

                     
 

Recently, we demonstrated multi-mode plasmonic resonators which support multiple 

plasmonic modes, including superradiant, subradiant, and Fano resonances. Each mode 

can have a tailored mode volume, electromagnetic field enhancement, and quality factor. 

The tunability of these parameters allows to achieve much stronger interactions with 

quantum emittors (Purcell effect), bio-molecules (biosensing), and nonlinear optical 

processes (e.g second harmonic generation) – as illustrated in the figure.  

 

In this thesis, novel multi-mode nanoresonators for specific experimental applications 

will be investigated. The student will take part in all aspects of the research: design, 

development, and experimental characterization.  

 

Promoter: Dr. N. Verellen and Prof. V.V. Moshchalkov 

Faculty/research group: Faculty of Science / INPAC 

Daily supervision: Dr. N. Verellen 

Graduating option: Natural Science 

Type of work: Experimental & simulations 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: A miniature microwave oven for DNA: micro-scale molecular cooking! 

 

Description:  

 

Micro total analysis systems (µTAS) are lab-on-a-chip systems that integrate a number of 

laboratory functions on a single microfluidics device. One of the best known examples is 

PCR (Polymerase Chain Reaction), which is used to amplify DNA. The chemical 

reactions that take place in these devices need to happen in precisely controlled 

temperature cycles. This temperature control is currently achieved using either small 

Peltier elements or by the use of patterned resistors, which has a few important 

drawbacks, such as limited speed, low efficiency and limited uniformity. 

In this master project the use of microwaves or millimeter waves (frequencies between 5 

and 300 GHz) will be investigated as a means of heating very small volumes of liquid (in 

the microliter range). This technique has a number of advantages compared to 

conventional techniques, such as the fact that only materials having a large loss tangent 

(i.e. the liquid) will be heated and very little heating energy is lost in the surrounding 

material. Moreover, the temperature distribution can be well controlled, either by using 

different frequencies or by changing the geometry of the “miniature microwave oven”. 

The design of these types of structures requires the simultaneous modeling of two types 

of physics, i.e. electromagnetics and heat transfer. Specialized simulation packages such 

as COMSOL or the multi-physics solver from Ansys are able to model these effects. In 

this project, the design, manufacture and characterization of the “mini-oven” will be part 

of the work. 

 

 

 

 

 

 

 

 

Promoter: Prof. Bart Nauwelaers 

Faculty/research group: ESAT-TELEMIC 

Daily supervision: Ilja Ocket 

Graduating option: Engineering 

Type of work: 20% literature, 60% design, 20% measurements 

Number of students: 1 or 2 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Chip-less MMID tags 

 

Description:  

 

RFID tags are now omnipresent and offer solutions in many application areas. There is a 

continuing trend of moving these tags to higher and higher frequencies, in order to 

increase bandwidth and reduce size, hence the large number of different frequencies used 

for RFID applications these days. When using millimeter waves (frequencies above 30 

GHz), the size and bandwidth advantages are considerable, but at the same time the range 

of these so-called MMID tags decreases. However, for some applications this decreased 

range is actually desirable. Also, millimeter wave tags could be employed in scenarios 

where lower frequency RFID tags are simply not useable, such as for item level tagging 

of canned goods. Different types of MMID tags are envisaged, ranging from fully passive 

to battery-assisted. In this master project, we will focus on developing a passive, chip-less 

MMID tag that is able to encode a number of bits and respond to an interrogator. This 

encoding could be done by using resonators that make the tag responsive at only a single 

frequency, thus enabling the tag identity to be coded into the response signal. In this 

project, the design, manufacture and measurement of such a tag will be done. At 

TELEMIC, measurement infrastructure up to 110 GHz is available; the prototyping also 

will be done in-house. 

 

 
Fig. 1. Millimeter wave lab at TELEMIC 

 

 

 

 

Promoter: Prof. Bart Nauwelaers 

Faculty/research group: ESAT-TELEMIC 

Daily supervision: Ilja Ocket 

Graduating option: Engineering 

Type of work: 20% literature, 60% design, 20% measurements 

Number of students: 1 or 2 
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 Master Nanoscience and Nanotechnology 
 

Thesis title: Correlation of Drain and Gate Random Telegraph Noise in nm-scaled 

MOSFETs 
 

Description: As a consequence of the reduction of both gate oxide thickness and the lateral 

dimensions of the ultra-scaled CMOS devices, the amount of oxide defects has decreased to a 

numerable level, allowing the decoupling of their collective behavior. Discrete fluctuations of the 

gate leakage current are distinguishable in ultra thin gate oxide FETs [1], resulting in significant 

time-dependent variations in this important FET parameter. Likewise, discrete threshold voltage 

VTH shifts due to individual traps are seen on nanoscaled devices following bias temperature BTI 

stress and are linked to drain random telegraphic noise ID-RTN [2]. Correlation between the 

fluctuations in these two observables, the drain current ID-RTN and the gate current IG-RTN has 

been pointed out [3-4] for nFET and pFET devices. The ID-RTN and IG-RTN correlation 

demonstrates that both effects are due to the charging and discharging of the same single defects. 

Consequently,the same states play a fundamental role in the two major reliability issues of CMOS 

technology: the threshold voltage instability and the gate leakage current.  

In this thesis project, the student is expected to further investigate the mechanisms that lead to 

gate current fluctuations. For this prupose, the student will measure the leakage current on ultra-

scaled devices though chargue separation techniques as well as a function of the temperature. 

 The student will have full support to perform the electrical characterization and analysis. 

 
-SiON nFET demonstrate 

the correlation between ID and IG RTN. (c) High IG level corresponds to high ID value. 

Fig. 2: Carrier trapping in the gate oxide may cause a significant drop of |ID| 

current and a simultaneous raising/lowering of the oxide conduction band [6,7], reducing/increasing the tunneling probability and therefore the gate 

leakage current. 
References: [1] Degraeve et al. IRPS 2005 [2] Kaczer et al. IRPS 2009 [3] Chen et al. IRPS11, [4] M. Toledano-Luque et al., IRPS2012 

 

Promoter: Guido Groeseneken 

Faculty/research group: imec/DRE group 

Daily supervision: Maria Toledano Luque 

Graduating option: Engineering 

Type of work: experimental with theoretical interpretation 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Tailored Functional Oxides for Nanoelectronics  

 

Description: The tremendous decrease of scale of microelectronic components to the 

nano-regime has led and leads to the continued development of new products and 

markets: PCs, laptops, mobile phones, mobile internet, ubiquitous computing, sensor 

arrays… The enabler of this scaling, the MOSFET, is unfit to continue the downscaling 

trend beyond 5-10nm gate length. For flash memory it is expected that the downscaling 

cannot be extended because the charge used to store one bit should scale down to less 

than 100 electrons. At such low numbers, the information retention becomes problematic.  

Therefore new solutions are explored. 

Electronic devices based on transition metal oxides are promising candidates for memory 

applications.  Using functional oxides with tailored properties creates opportunities for 

new device concepts that allow continuing the scaling roadmap.  Some of these oxides 

can undergo a Metal to Insulator Transition (MIT) which could be used as a switching 

phenomenon for memory applications such as in RRAM (Resistive RAM). The MIT 

phenomenon occurs in materials with strong Coulomb repulsion between electrons and 

can be induced by a change in temperature, pressure or chemical composition or when an 

electric field or optical pulse is applied. The challenge is to harness these phenomena in a 

nano-scale memory.  

The work’s objective is to study VO2, a prototype functional oxide showing a metal-to-

insulator transition at 68C.  This encompasses electrical characterization and modeling of 

different devices in which the VO2 is incorporated.  You will investigate the underlying 

physics of the MIT transition in these devices and the feasibility of using these functional 

oxides for memory applications.  Possibilities exist to look into the material properties of 

VO2 thin films and device fabrication.  Depending on your interests, one or several 

aspects of this research can be incorporated in the work.                     

                     
MIT in VO2 : (a)(b) low temperature M1 phase  RRAM memory array 

(c)(d) high temperature rutile phase    

 

Promoter: Guido Groeseneken and Marc Heyns 

Faculty/research group: Faculty of Engineering/IMEC 

Daily supervision: Koen Martens and Iuliana Radu 

Graduating option: Engineering 

Type of work: experimental/simulations 

Number of students: 1 or 2 
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 Master Nanoscience and Nanotechnology 

 

Thesis title:  Increased Exciton Transport in Organic Photovoltaics  

 

Description:  

In organic photovoltaic devices (OPVs) efficient migration of excitons, created by light 

absorption, to the interface between the electron donor and acceptor is reconciled with 

sufficient light absorption by using bulk heterojunction (BHJ). Although this led to OPVs 

of which the energy efficiency approaches or exceeds 10 %, using a BHJ with the proper 

morphology limits the choice of the materials used and requires extensive optimisation 

for each new combination of materials. Therefore we want to explore novel OPV 

architectures where an extended exciton diffusion lengths (LD) allow to use a bi- or 

multilayer structure. A way to arrive at this goal is based to replace random diffusion of 

excitons in the absorbing layer is replaced by energy transfer to a layer of a neat energy 

acceptor contacting the electron acceptor. This strategy is based on the observation that 

Förster transfer (
ENT

) to a layer of chromophores has a smaller distance (d) dependence 

ENT
 

-4

ENT
 

-6
) . This should also lead to an increase 

of the distance for singlet transport to the donor acceptor interface in bilayer OPV’s. 
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Architecture and energy levels of an OPV with an energy accepting layer 
 
 

We want to build and characterize an OPV with a vapour deposited energy and electron 

acceptor layer. On the benchmark material, (poly-3-hexyl thiophene, spin coated on 
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ITO:Pedot, we will vapor deposit a proper energy accepting layer, followed by an 

electron acceptor layer and a counter electrode for extracting the electrons. To combine 

efficient energy transfer with the absence of charge carrier generation the energy acceptor 

must have following properties 

     bandgap 1.6-1.7 eV   

     LUMO below that of P3HT  

     HOMO close to or slightly above that of P3HT  

The oligomers shown below which will be synthesized in the Laboratory for Organic 

Synthesis, are expected to meet those requirements.  
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Oligomers for the energy acceptor layer 

 

We will characterize the position of the energy levels of the oligomers using stationary 

spectroscopy and cyclic voltammetry and when necessary suggest changes in the 

structure. We will optimize the conditions for vapor deposition of a thin (< 10 nm) 

homogeneous layer of the oligomers and if necessary changes in the molecular structure 

will be proposed. Bilayers of P3HT and selected oligomers will be prepared and the 

energy transfer to the acceptor layer will be investigated by stationary and time resolved 

fluorescence combined with picosecond transient absorption. This will also allow to 

verify the absence of electron and hole formation at this interface. The influence of the 

thickness of the energy acceptor layer in the range 1 to 10 nm on the energy transfer 

efficiency will be checked. We will also investigate to what extent the energy acceptor 

layer influences the hole migration by comparing carrier mobilities in P3HT with those in 

the bilayer. These mobilites are measured by recording transient photocurrents or by 

recording dark currents, In a next step the bilayer will be extended with a vapor deposited 

electron acceptor layer (fullerene or Perylene di-imide) and the photo-induced charge 

generation (and recombination) will be investigated by time resolved fluorescence 

spectroscopy, picosecond and nanosecond transient absoprtion. For one or two most 

promising energy acceptor layers an OPV will be made (together with IMEC) and its 

figures of merit compared to those of a corresponding OPV without energy acceptor 

layer. At different stages the results will be compared with those of simulations 

performed in collaboration with the team of prof. Beljonne at University of Mons. 

 

 

Promoter: Mark Van der Auweraer 

Faculty/research group: Exact Sciences, Chemistry Department, Division of Molecular 

imaging and Photonics, Laboratory of Photochemistry and Spectroscopy 

Daily supervision: Koen Kennes 

Graduating option: Natural science or Engineering 

Type of work: mainly experimental 

Number of students: 1  
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 Master Nanoscience and Nanotechnology 
 

Thesis title: Determining the true affinity of two proteins in cells 

 

Description: Through recent developments in the fluorescence microscopy field, the 

biochemical world can now be studied in novel ways. Key to understanding protein 

function is the quantitative and absolute measurement of protein-protein 

interactions in the context of a complex environment such as the living cell. Many 

researchers all over the world have set out to complete this task, but till date however, no 

one has been able to achieve this. At the Ludwig-Maximilians-Universität in Munich, we 

possess state-of-the-art microscopes that can be used to study such complex biological 

systems quantitatively. We are experts in building microscopes and applying innovative 

fluorescence methodologies and with our technology, we have provided invaluable 

insights into HIV replication and protein folding and degradation machineries, as can be 

seen from some of our publication in international top journals (Baumgartel et al., 2011; 

Mapa et al., 2010; Marcinowski et al., 2011; Sharma et al., 2008). 

In this master project, which will be executed in two high-level scientific environments, 

the student will develop a quantitative intracellular protein-protein interaction assay. 

The assay will be designed  based on the well-known protein-protein interaction that 

occurs in the Fos/Jun activator protein-1 transcription factor subfamily of basic-region 

leucine-zipper proteins (Baudendistel et al., 2005; Kohler and Schepartz, 2001; Vamosi et 

al., 2008). The affinity of these proteins is largely known and therefore will be used as a 

proof-of-concept of the assay.  

Leuven - Different eukaryotic expression DNA constructs of Fos and Jun will be cloned 

with molecular biology tools. These genes will be designed to allow expression as a 

hybrid with fluorescent proteins, that can be used to quantitatively measure their 

interaction in cells with fluorescence microscopy. As fluorescent proteins, mTFP1 (teal), 

mVenus (yellow) or mCherry (red) will be used (Ai et al., 2006; Nagai et al., 2002; 

Shaner et al., 2004). The student will learn the basic techniques necessary for cloning, 

from designing the plasmids to checking the clones with DNA sequencing. Moreover, 

smart cloning techniques are learned to allow easy N-/C-terminal switching as well as 

recloning in bacterial constructs. After this, the expression of the different constructs will 

be checked with confocal microscopy.  

Munich - Two different yet complementary fluorescence techniques, two-color 

fluorescence cross-correlation spectroscopy (FCCS) and cross-correlation raster image 

correlation spectroscopy (ccRICS)(Digman et al., 2009; Schwille et al., 1997), will be 

used to quantitatively investigate the protein interaction of Fos and Jun inside living cells. 

As excitation source for these experiments, pulsed interleaved excitation (PIE) will be 

employed (Muller et al., 2005), a technique that allows error- and artefact-free 

quantitative multicolor measurements and which was developed in our lab in Munich. 

Moreover, by monitoring the interaction of Fos and Jun by fusing each to either of three 

different fluorescent proteins, the effect of the fluorescent protein on the obtained 

apparent affinity can be quantified and as such, and for the first time, an absolute affinity 

of a protein-protein interaction will be obtained.  

The project will certainly result in a publication in a good and international scientific 

journal and the student will have the possibility to start a PhD, where he/she can study 
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protein-protein interactions of HIV quantitatively inside living cells with these and other 

techniques, in collaboration with prof. Zeger Debyser (Faculty of Medicin, University of 

Leuven). For example, the true affinity of different HIV-interacting proteins, such as 

Ledgf/p75, Transportin-SR2 and JPO2, for HIV-1 integrase, remain to be determined 

(Cherepanov et al., 2003; Christ et al., 2008; Maertens et al., 2006). Furthermore, the 

student will have the possibility of developing and applying the PIE-FCCS and PIE-

ccRICS techniques in Leuven in collaboration with dr. Jelle Hendrix and with the LMU 

in Munich. 

Details 

• Promotor: prof. Johan Hofkens, KUL 

(http://www.chem.kuleuven.ac.be/research/mds/mds_en.html) 

• Copromotor: prof. Don Lamb, LMU munich  

(http://www.cup.uni-muenchen.de/pc/lamb/index.html) 

• Start of the project in August-September 2012 

• finish of the project in April-May 2013 

• Biochemistry in Leuven, Belgium 

• microscopy in Munich, Germany 

• Supervision in Leuven by MSc.drs. Doortje Borrenberghs 

• supervision in Munich by dr. Jelle Hendrix 
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Promoter: Johan Hofkens/ Don Lamb 

Faculty/research group: Chemistry, K.U.Leuven;/ Munich 

Daily supervision: Doortje Borreberghs 

Graduating option: Natural Science, Engineering or Bio-engineering 

Type of work: experimental 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 

 

Thesis title: Evolution of carbon nanotube dispersion in preparation of nano-composites 

 

Description:  

Carbon nanotubes (CNTs) have been widely explored in the recent years as an additional 

reinforcing component in structural composites such carbon or glass fiber-reinforced 

composites. These composites can be found in abundance in new generation large planes, 

racing cars, windmill blades, bridges and high tech sporting goods. From the point of 

view of mechanical performance, the benefit of adding carbon-nanotubes to a composite 

is expected in the improvement of its overall damage resistance (also known as 

toughness).  

One of the available approaches to include CNTs in fiber-reinforced composites (FRCs) 

is to mix them in small quantities in the polymer matrix. For epoxy resins, these amounts 

are usually limited to 0.5-1wt% because of the challenges related to CNT dispersion. 

Attraction between CNTs due to van der Waals forces makes them prone to form 

agglomerates, which may further cluster into larger aggregates. The agglomerates are 

likely to generate stress concentrations upon material loading and lead to a poor 

mechanical performance of the resin (including lower strength and fracture toughness). 

This explains why dispersion of CNTs in polymers is always targeted to be free of 

agglomerates and as homogeneous as possible.  

When nano-reinforced polymers are used for production of fiber-reinforced composites, 

yet another consideration is important and it is how dispersion of CNT affects their final 

position in a composite. It is possible that when a CNT-containing resin flows through the 

fibrous medium some CNTs get filtered out. Filtration is likely to occur since 

disintegrating agglomerates completely is hardly accomplished even when special 

techniques such as calendaring are used. There is also a high probability that separated 

nanotubes will re-agglomerate again during subsequent processing steps under raised 

temperatures, applied pressures etc. 

The goal of the present thesis is to understand the effect of processing parameters and 

CNT functionalization on 1) the CNT dispersion quality at different stages of composite 

preparation and 2) the mechanical performance of nano-reinforced resins.  

 

Thesis content:  

(1) Preparation of masterbatches (highly concentrated mixtures of epoxy and CNTs) 

with different processing parameters during calendaring and different CNT 

functionalizations. 

(2) Characterization of CNT dispersion qualities using the methodology developed in 

the Composite Materials Group at the Department of Metallurgy and Materials 

Engineering. It includes seven different techniques: rheometry, dynamic mechanical 

thermal analysis (DMTA), differential scanning calorimetry (DSC), optical and scanning 

electron microscopy, dynamic light scattering (DLS) and electrochemical impedance 

spectroscopy (EIS). 

(3) Production of nano-reinforced epoxy plates for mechanical testing. 
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(4) Mechanical characterization of the nano-reinforced epoxy resins: fracture 

toughness tests, bending tests (or/and tensile tests). 

(5) Statistical processing of the experimental data. 

 

Frame of the project: 

This work is to be done in close collaboration with the Belgian company Nanocyl.  

 

Knowledge background:  

The project is suited for those who are interested in hands-on work.  

 

Contactperson: 

Larissa Gorbatikh, Larissa.Gorbatikh@mtm.kuleuven.be; tel. 21319, room 02.25 

Carmen Tola, Carmen.tolaperez@nanocyl.com: room 02.25 

 

Promoter: Prof. Stepan Lomov, Dr. Larissa Gorbatikh 

Faculty/research group: Department MTM, Composite Material Group 

Daily supervision: Carmen Tola 

Graduating option: Engineering 

Type of work: experimental 

Number of students: 1 
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 Master Nanoscience and Nanotechnology 
 

Thesis title:   Optical versus millimeter wave through fiber 
 

Description:  
CMOS downscaling makes transistors faster. fmax is the maximum frequency for which 
a transistor can deliver power gain. Thanks to the increase in fmax, it is possible to make 
integrated circuits working at higher frequencies. These circuits have applications in the 
fields of high speed data communication, imaging, radar etc... Recent developments 
demonstrate mixers, amplifiers and complete integrated receivers in CMOS at 60GHz, 
90GHz and even 200GHz. These frequencies (between 30GHz and 300GHz) are called 
millimeter wave frequencies, because they correspond to free space wavelengths of 
several millimeters. Visible light on the other hand, has wavelengths between 390nm and 
750nm in vacuum, or frequencies between 400THz to 790THz. The region in between is 
called the "Terahertz gap" and research worldwide is starting to bridge this gap. At the 
MICAS group, research has recently started on millimeter wave plastic fibers. As in 
optical fibers, the EM-waves are guided by a material with a higher refractive index than 
its surroundings, although the propagation mechanism is more similar to classical hollow 
metal waveguides. The aim is to make a very high speed data link over considerable 
distance (in the order of meters) by connecting the waveguide to a transmitter and 
receiver chip, containing on-chip antennas. The main advantage of this technique 
compared to optical communication is that an electrical-to-optical conversion is avoided.  
The goal of this Master thesis is to compare the performance of an optical link to a 
millimeter wave system. This involves comparing the conversion efficiency of electrical 
to optical (EO) and optical to electrical (OE) converters to the combination of a 
millimeter wave transmitter/receiver and integrated antenna. 

 
 
Promoter:  Prof. Patrick Reynaert 
Faculty/research group: Engineering ESAT-MICAS 
Daily supervision: Maarten Tytgat (91.12) 
Graduating option: Engineering 
Type of work: Simulations 
Number of students: 1 or 2 
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 Master Nanoscience and Nanotechnology 
 

Thesis title:   Power Combining Architectures for mm-Wave Power Amplifiers 
 

Description:  
The scaling of CMOS process presents both opportunity and challenge. Thanks to 
scaling, the fmax of an RF transistor reaches above 250 GHz in 40-nm process, thus 
higher maximum available gain at mm-wave frequencies. In power amplifier (PA) 
design, a high gain leads to higher Power Added Efficiency (PAE). On the other hand, 
the supply voltage also scales down. In consequence, the 50 Ohm load needs to be 
transformed to even lower value than in older technologies to achieve the same amount of 
output power. Such high impedance transformation ratio is impractical due to the loss of 
silicon substrate, setting the bottleneck for implementing a high power PA. However, for 
target applications of 60 GHz OFDM-based ranging systems or 77 GHz long range 
automotive radar, more than 20 dBm output power is desired. Instead of utilizing single 
big PA core with a small impedance value at its drain, several small PA core cells are 
assembled in parallel and a power combiner combines their output power. In broad terms, 
the output power can be combined in series or in parallel, according to how the voltage or 
current is added at the PA cells' output, respectively. There are several implementations 
in the literature: transformer-based, Wilkinson-based, etc. The metrics to evaluate the 
design include efficiency, area, and power transformation ratio. 
The main focus of this thesis project is to design and compare several power combining 
techniques. Eventually, the ultimate goal is to investigate the highest power delivered to 
the load at 60 or 77-79 GHz band. In order to do so, the design of a simple differential 
class-A PA is also a part of the thesis scope. 
 

 
 
Promoter:  Prof. Patrick Reynaert 
Faculty/research group: Engineering ESAT-MICAS 
Daily supervision: Paramartha Indirayanti (91.23) 
Graduating option: Engineering 
Type of work: Modeling, simulations and layout 
Number of students: 1 or 2 
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 Master Nanoscience and Nanotechnology 
 

Thesis title:   Wideband Outphasing Signals Generator for High-speed Wireless 
Communications 

 
 

Description:  
Modern wireless communications usually has the poor efficiency when transmitting 
complex amplitude- and phase-modulated signals. The outphasing transmitter solves this 
issue by vector summing constant-amplitude phase-modulated signals, which proves to 
have much better average efficiency as well as higher linearity. The outphasing signals 
can be generated in digital or analog domain, as shown below. This master thesis is to 
design the wideband outphasing signals generator for the outphasing transmitter, which 
includes architecture selection and circuitry implementation. 
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 Master Nanoscience and Nanotechnology 
 

Thesis title:   Sub-THz communication links: who needs a standard? 
 
 

Description:  
CMOS goes to sub-THz frequencies. Indeed, the fT and fMAX of todays’ CMOS 
technologies approaches the sub-THz frequency range. This allows extremely high-
datarates since bandwidth is for free at these high frequencies. However, there are no 
standards. On the other hand, if your radiation level stays below a limit (which comes 
from EMC/EMI and FCC specs) you are safe and you don’t need a standard. This thesis 
will investigate what communication can be established with power levels below the FCC 
radiation levels at sub-THz frequencies. 
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 Master Nanoscience and Nanotechnology 
 

Thesis title:   An integrated true-power-detector 
 
 

Description:  
Power detectors are very important for power amplifiers. The changing load of the 
antenna (e.g due to nearby objects like your head) will change the amount of radiated 
power. Most power detectors are place off-chip, and integrated power detectors only 
measure either the voltage or the current.  
In this Master thesis, you will make use of on-chip transformers to measure both current 
and voltage. This allows to measure the true current that flows to the load, and the load 
voltage. Multiplying both gives the real and imaginary power. This can be used in a 
feedback loop to adjust the settings of the PA. Targeted frequency range is 1-3GHz for 
applications like WLAN or LTE.  
 

 
 

WLAN CMOS PA, with many integrated transformers. These transformers can be used 
to sense the real and imaginary power flowing to the load. 
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 Master Nanoscience and Nanotechnology 
 

Thesis title:   Integrated Norton amplifiers 
 
 

Description:  
Using transformers on a chip has become common practice, especially at very high 
frequencies. Indeed, at 60GHz and above, transformers have higher quality factors than 
capacitors. This calls for a re-investigation of amplifiers with transformers. 
One such amplifier is the Norton amplifier, well known to radio-amateurs and in the days 
of shortwave radio. Thanks to the noise-less feedback through a transformer, Norton 
amplifiers give excellent linearity and noise, over a wide bandwidth.  
In this thesis, you will investigate the use of this technique on-chip, and design an 
integrated Norton amplifier. The design will be done in CMOS, at 60GHz or above.  
  

 
 

The very basic Norton-feedback amplifier. Can you integrate this in CMOS? 
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