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Introduction

During 2007, NTNU NanoLab has continued
the mission as coordinator and promoter of
nanotechnological research at NTNU. A
substantial part of this effort has been devoted
to the establishment of new clean room
facilities on the campus of Glgshaugen. The
first milestone on this road was the official
opening of the clean room area dedicated to
chemical methods by Pro Rector Research and
Innovation, NTNU, professor Astrid Laegreid,
in March. When completed, this area will
constitute an integrated part of the total 700 m*
clean room designed for interdisciplinary
research. Part of the teaching and training of
MSc students will also be supported by the
facilities within the clean room area. The plans
for the remaining areas of the laboratory have
been finalized during the autumn of 2007 and
the construction of a new building for this
purpose will start in January 2008.

Efficient and stable operation of such advanced
facilities requires highly qualified technical
assistance, as well as well designed working
routines. Thus, the first member of NTNU
NanoLab’s technical staff was hired at the
beginning of the year. NTNU NanoLab has a
high awareness about the existing HES
challenges related to exposure of various
nanomaterials. A compulsory user course
focusing on HES issues related to
nanotechnological research and good
laboratory practice in a clean room has
therefore been established.

At the same time as the establishment of the
new clean room facilities moves forward,
research within nanoscience and
nanotechnology at NTNU is pursued by
numerous staff members at various
departments. Around 117 scientific papers
related to this field were published in 2007,
which is twice the number registered in 2006.
The increase in the research activity within the
field is also demonstrated by the good
participation at the 2" NTNU NanoLab User
Meeting and at the NANOMAT conference in
Bergen. In the latter meeting, NTNU was
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represented by 7 lectures and 21 poster
presentations within nanotechnology. On an
international level, a group of 19 researchers
from NTNU and SINTEF met with 15
delegates from AIST in Japan on a one-day
seminar for scientific discussions aimed at
establishing a bilateral research cooperation.
The initiative was supported by the Research
Council of Norway.

With this ongoing progress in mind, we look
very much forward to the future developments
within the field of nanotechnology in the
coming years at NTNU.

Bjorn Torger Stokke
Chairman of the Board of NTNU NanoLab



Highlights of 2007

MOLECULAR INTERACTIONS OF
TOLL-LIKE RECEPTORS

Toll-like receptors (TLR) are pattern
recognition receptors that form a crucial part of
the innate immune system. Upon invasion of
bacteria, viruses or fungi, TLRs mount an
inflammatory response which enables the host
to deal with the infection. In humans, ten
different TLRs have been identified. Recently,
the crystal structure of the extracellular
domains of TLR3, TLR4, and the TLR1-TLR2
heterodimer were determined by diffraction
studies [Ref 1-3]. Exactly how the interaction
with the ligand triggers the innate immune
response is still unresolved. However,
developments in nanotechnology make the
studies of nanometer-size structures and single
molecules possible. Thus, experiments on the
nano-scale can provide crucial information
regarding molecular details of receptor-ligand
interactions.

At NTNU, a collaboration between the group
of Prof. T. Espevik at the Institute of Cancer
Research and Molecular Medicine and the
Biophysics group lead by Prof. B.T. Stokke
has undertaken a study of molecular
interactions of toll-like receptors.
Collaboration has been established with Dr. E.
Latz at the University of Massachusetts
Medical School, Division of Infectious
Diseases and Immunology. Recent work within
this collaboration indicates that a ligand-
induced conformational change is responsible
for the initiation of an immune signalling
response in TLRY activation [Ref 4].

We have made high-resolution atomic force
microscopy (AFM) images of the extracellular
part of TLRO receptor (see Figurel) and its
ligand CpG DNA. Three different classes of
short, CpG-containing DNA evoke different
types of immune reactions, and were used as
immune modulators. The differences in the
higher order structure of the three classes of
CpG DNA were clearly resolved in our AFM
images and are assumed to influence the type
of immune response.

In addition to AFM imaging studies, the
binding interaction between TLR9 and CpG

DNA have been measured using AFM. The
first results of these studies are described in
Ref. 5.

Figure 1. AFM image of the extracellular part of
TLRY receptors on a mica surface. The image was
taken in tapping mode in air. Photo: Dionne Klein,
NTNU

A graph of the measured interaction force
between TLR9 and CpG DNA is shown in
Figure 2. The measured interaction forces were
in the range of 50 to 100 pN. This work is still
in progress. By varying the class of CpG DNA,
we hope to be able to identify differences in
the specific interaction between TLR9 and the
various CpG DNA classes, which will be very
helpful information for understanding the
molecular details of TLR9-CpG DNA
interaction.
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Figure 2. This curve shows the unbinding force
between a DNA-modified AFM tip and a surface
containing TLRY. Photo: Kirsti Marie Ovrebo and
Dionne Klein, NTNU.



To gain insight in the intracellular trafficking
of TLRs, experiments with fluorescence
recovery after photobleaching (FRAP) of
HEK?293 cells expressing TLR4-cherry were
performed. In these studies an intense laser
beam bleaches the fluorescent TLR4 molecules
in a defined area of the plasma membrane, see
Figure3. From the recovery of the fluorescence
intensity in the bleached region, the diffusion
of TLR4 and the binding interaction with its
ligand lipopolysaccharide (LPS) can be
deduced. By comparing the recovery process
in cells that were stimulated with LPS to
unstimulated cells, we were aiming at
understanding the details of the molecular
interaction between TLR4 and LPS, and the
resulting immune signalling.
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Figure 3. HEK293 cells expressing TLR4-
cherry/MD-2 were transfected with CD14. The red
circle shows the bleaching area. Below, the
fluorescence intensity curve for the bleaching area

is shown. Photo: Harald Husebye and Dionne Klein,

NTNU.
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DEVELOPMENT OF
NANOSTRUCTURED MEMBRANES

While membranes for separation of liquids
have been used since the mid sixties,
membranes for gas separation is still a young
technology. Membranes for industrial gas
applications must have a very thin skin
allowing a high gas flux. This skin must be
highly selective in favour of one of the gas
components. The commercial installations for
gas separation existing today use polymeric
membranes. However, these do not exhibit
optimised separation properties. During the last
ten years, the research on sophisticated
membrane materials for separation of almost
any mixtures of gasses has nearly exploded. It
is now better understood how the materials can
be tailored on a molecular level to change their
properties, how pores can be tailored, how
addition of nanoparticles may affect the
materials, and last but not least; how the
transport mechanisms of the gases will vary
with the structure of the material, and hence
give variations in separation performance.

The crucial feature of an efficient membrane is
to have both a high flux (permeation rate
through the material), and a high selectivity



between various gases. There is usually a
trade-off between these two characteristics in
membranes. In the Membrane Research Group,
Memfo, at NTNU, this challenge has been in
focus within a NANOMAT funded project, by
investigating the high free-volume polymers,
PMP [poly(4-methyl-2-pentyne)] and PTMSP
[poly(1-trimethylsily-1-propyne)] (see Figure 1
for structures).

Figure 1. Molecular structure of PMP (top) and
PTMSP(bottom).

As can be seen, these two molecules are very
bulky and have quite a lot of free space in their
structure for gases to move in (~30%). These
materials will hence exhibit high flux, but will
hardly be able to discriminate between the gas
molecules. They have very low selectivity, if
any at all. They are also quite unstable.

By cross linking the material, the membrane
becomes more stable, but also slightly more
dense. Hence, the selectivity increases while
the flux decreases. This is illustrated for the
gas pair N, — H, in Figure 2. When, however,
nanoparticles (here fumed silica, FS) were
added at increasing concentrations, both flux
and selectivity in favour of H, were improved.
This may seem very strange at a first glance,
but can be explained by the hindrance the
nanoparticles represent, affecting the larger N,-
molecules most. At the same time, the more
free space available speeds up the flux of the
smaller H,- molecules. This way of tailoring
nanocomposites is quite fascinating. The effect
will, however, vary strongly with the type of
gases to be separated.
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Figure 2. lllustration of how cross linking and
addition of nanoparticles (here F'S) may affect
separation properties of a membrane material

The nanoparticles should, for instance, not
exceed 50 nm in size, otherwise the effect may
be reversed. Figure 3 shows a SEM-picture of
PMP with 25% FS

Figure 3. SEM-pictures of pure cross linked PMP
(top), and cross linked PMP with 25w% F'S
(bottom).

Another type of nanostructured membrane
developed at NTNU is the CO,-selective fixed-
site-carrier (FSC) polyvinlyamine (PVAm)
membrane, which has been patented. This
membrane mimics the way our lungs transport
CO; as a bicarbonate ion (HCO5') at the
alveolar level. This demands a sufficiently



high concentration of amino groups on the
polymer backbone chain, that water is present,
and that the membrane (again) has been
sufficiently cross linked in order to avoid
swelling. As the membrane layer itself is only
about 500 nm thick, it is essential that the
polymeric support structure is correctly
designed so that it provides support, but does
not add any significant resistance to the gas
transport through the membrane.

When produced as hollow fibres, these
membranes have a huge potential for industrial
applications as they can be densely packed in
modules giving large permeation area (m?) per
m’ volume of the module. In Figure 4, a simple
illustration of the transport mechanism through
the selective layer of the membrane is shown.
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Figure 4. lllustration of CO; transport mechanism
through a facilitated transport membrane.

There is, in principles, no limit to how
membrane materials can be tailored for
specific separations; whether it is gases or
liquids. It requires fundamental knowledge of
materials technology; how to synthesise the
membranes, their durability when exposed to
certain components, combined with an
understanding of the process conditions where
we want our membranes to be used. Membrane
separation of gasses is an environmentally
friendly technology with a great potentioal.

SMART MICROSYSTEMS FOR
DIAGNOSTIC IMAGING IN
MEDICINE (SMiDA)

It is believed that more than 80% of sudden
heart attacks are caused by rupture of
vulnerable plaques leading to the formation of
blood clots and subsequent coronary stenosis
and infarction. As opposed to a stable calcified
plaque, the unstable plaque is atherosclerotic
and consists of fatty lipids covered by a thin
fibrous cap. Currently, due to lack of suitable
miniaturized technology, many mildly stenotic
vulnerable plaques are left untreated at a
significant risk for the patient. Hence,
additional techniques and technologies for
invasive procedures which can distinguish
between plaques of different kind are of great
desire.

The SMiDA program at the Department of
Electronics and Telecommunication at NTNU
focuses on research and development of micro
system technologies for imaging of plaques
based on invasive procedures. Such imaging
systems should combine the results of various
physical sensors to provide detailed
information on which an accurate diagnosis
can be based. In particular, the program
focuses on technologies that will enable
identification of chemical alterations in
atherosclerotic tissue, measurement of local
temperature, blood pressure, and blood flow
velocity, guided by 3D ultrasound imaging.
Blood pressure, blood flow and imaging will
be implemented in one silicon-based is
Capacitive Micromachined Ultrasonic
Transducer (CMUT). This may be combined
with temperature and spectroscopy into one
physical sensor, but this is a challenge without
any definite road map today.

The CMUTs represent an attractive alternative
to the traditional piezoelectric ultrasound
transducers, due to high bandwidth, possibility
of high volume production at a low cost and
integration of transmit and receive electronics.
The active part of a CMUT is a metal coated
silicon nitride membrane. A silicon substrate
constitutes the bottom electrode. For the
transducer to fit on the tip of a catheter that is
to be inserted into the coronary arteries, the
maximum diameter is 1 mm. An image
resolution of 25pum along the ultrasound wave



is needed to resolve thickness details in the
vessel wall and beyond. This means a transmit
frequency of 30MHz. To be able to image a
sector of 90 degrees the element size cannot be
larger than 25um. The complete 2D array will
contain up to 2000 quadratic elements. The
first CMUTSs produced in this project were

manufactured in the SINTEF MiNaLab in Oslo.

One of the key challenges is scaling down
dimensions to the nanoscale range. The
smallest dimension is the membrane thickness,
which is only 100 nm. SEM pictures of
fabricated CMUTs are shown in Fig. 1.
Electrical characterization shows that these
transducers have a centre frequency of 30 MHz
in air and 8 MHz in oil.

Figurel. SEM pictures of first generation CMUTs
developed in the SMiDA program.

The 2nd generation of CMUTs is now in
production. Unwanted acoustic effects are
reported by many research groups. Simulations
performed within the program have shown that
adding a few micrometers of a soft, lossy
material can help reduce some of these harmful
effects.

To actuate and read such small CMUTs, we
implement the electronic circuits in nanoscale
CMOS technologies to be able to meet the
high-speed, low-power, and small size
requirements in the SMiDA program. Several
prototype circuits have been successfully
fabricated in 90nm CMOS applying the most
advanced electronic devices available at
present and in the near future. The evolution of
CMOS technologies follows Moore's law,
which predicts an exponential reduction in
feature size and growth in performance. In line
with this, a new generation of such devices is
now being introduced, with new types of
geometries at nanoscale dimensions. In order
to predict the device behaviour and to design
reliable circuits based on these devices, new,
accurate device models are needed. This poses
special challenges since, at these small
dimensions, “new” physical phenomena such
as quantum effects and ballistic electron
transport are strongly enhanced, complicating
dramatically the mathematical description.The
work with the SMiDA program on this issue
has contributed significantly to the
international effort in this area.

To minimize the form factor, it is desirable to
use the CMUT elements for both transmit and
receive. This mode requires a switch to switch
in each CMUT element between the
transmitter and receiver. Research and process
development of MEMS switches aimed for this
use is currently in progress. Important aspects
of the MEMS switch are switching time,
control voltage and isolation. The work has
been performed in collaboration with the
SINTEF MiNaLab. This research has led to a
number of different MEMS switches and filter
designs that have been successfully tested.

The lack of commercial equipment for
characterization of CMUTs has motivated the
development of a heterodyne interferometer
for characterization of ultrasound vibrations.
The setup is designed to measure phase and
absolute amplitude in the entire frequency
range 0-1.2GHz. A 3D map of the object
modulation can be obtained by scanning in the
x- and y- direction with micrometer precision.
The noise limit for vibration is a few
picometers for 1Hz bandwidth. By combining
phase data and absolute amplitude, various
signal processing can be performed such as 2D
Fourier analysis. Single CMUT elements and



arrays of CMUTs have been characterized.
Frequency scan measurements along a row of
CMUTs reveal a variation in resonance
frequency. A reason for this may be found in
variations of material properties, dimensions
such as thickness and transverse dimensions,
and other manufacturing variance. The
frequency scan revealed the fundamental mode
and two closely spaced higher order modes
(see Fig. 2). The optical measurements
contribute to validation or complement the
simulations and assumptions they rely on. The
heterodyne interferometer is therefore a
valuable tool for quality control in the
conception, design and manufacturing of new
acoustic devices.
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Figure 2. An x-y scan of a single CMUT performed
at a higher order mode (60MHz). The top and
bottom graphs show the amplitude and phase
distribution, respectively.

Another important part of the project is
focused on near-infrared (NIR) optical
reflectance spectroscopy. In contrast to
ultrasound which can provide information on
the structural properties of plaques, optical
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spectroscopy can identify the chemical
properties of plaques. Both the structural and
chemical properties of a plaque are believed to
be important factors in a plaque rupture.
Combining these modalities in a single fiber
optic probe would therefore be of great interest,
hopefully improving the sensitivity and
specificity on locating these vulnerable plaques.
NIR optical reflection spectroscopy is
particularly well suited for identifying the lipid
content of plaques. Remaining challenges lie in
identifying other spectrally prominent
constituents, and in overcoming difficulties
such as absorption due to blood which
effectively masks most other spectral
signatures. A fiber-optic probe has been
successfully tested in another project to
monitor in vivo oxygen saturation and
fluorescence levels during photodynamic
therapy of rat urinary bladder cancer.

The results of the research performed within
the SMiDA program so far has been published
in a number of international journal papers,
conference proceedings, and more popular
science magazines. A complete list of
publications can be found at the SMiDA web-
site http://www.iet.ntnu.no/projects/smida/.



NANOMECHANICAL STUDIES

Nanoindentation represents a technique for
studying the mechanical properties of various
materials. Based on ultra-sensitive depth
sensing measurements, mechanical properties
like hardness of the samples may be
determined. The tests are located in a
dimension of tens of atoms and may reveal
fundamental mechanisms for the deformation
and fracture of the materials.

NTNU Nanomechanical Laboratory (NML)
has currently established two sets of
nanoindentation systems and developed new
measurement methods for practical
applications.

The research activities at NML to this date are
mainly concentrated on characterization and
simulation of the mechanical properties of
polymer particles. Three ongoing research
projects, financed by the Norwegian Research
Council and the industry partners Invitrogen
Dynal AS and Conpart AS, focus on the
deformation mechanisms and functional
performances of various polymer particles with
diameters ranging from sub-micron to
hundreds microns. Multi-scale modelling is
also being performed to determine the link
between the microstructures and mechanical
properties. So far, fracture behaviour, stress-
strain relations, viscoelasticity and
delamination between metal coatings and
polymer cores taken as mechanical properties
of polymer particles and metal-coated polymer
particles have been investigated systematically.
The microstructures, the cross linking degree
and the polymer types are considered to define
the particle properties. Further work in this
field will focus on the effect of variations in
the synthetic processes of the polymer particles
on their mechanical properties.
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Figure: SEM photographs of 3.8um gold
coated acrylic particles after flat-punch
indentation with peak loads (a) 1000uN, (b)
2000uN and (c) 10000uN. Below, the load-
displacement curve for the nanoindentation
test is shown. Photo: Tor A Nilsen
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2" NTNU NanoLab User Meeting Including the Opening
of NTNU NanoLab’s Clean Room Area for Chemical

Methods

The 2" NTNU NanoLab User Meeting was
arranged as a one-day seminar in the beautiful
premises of Lerchendal Gérd in Trondheim, on
the 7™ of March 2007. The purpose of the
meeting was to display the ongoing research
activities within nano-technology at NTNU
and promote cross-disciplinary cooperation.
The event gathered 62 participants from 7
Departments, as well as SINTEF. This broad
participation was reflected by the variety of the
22 presentations:

e Dionne Klein, Toll-like receptor 9 and its
ligand CpG-DNA studied with AFM and
FCS

e Bjorn E. Christensen; Multi-detection SEC
analysis of polysaccharides

o Signe Kjelstrup,; Unifying thermodynamic
and kinetic descriptions of single-molecule
processes. RNA folding under tension.

e  Sabina Strand; Kitosane-based
nanoparticles for transfer of DNA and
siRNA in Genetherapy

e Hanne Martinussen; SMiDA - Smart
Microsystems for Diagnostic Imaging

o  Oyvind Mikkelsen, Possible use of NTNU
NanoLab within the field of sensor
development

o  Magnus Saxegaard; STM based point
contacts for laterally resolved
measurements of magnetoresistance

o Chang Chuan You,; STM: a nanoscale
structuring tool

e  Oystein Dahl; Switching properties of sub
100 nm thick ferroelectric films

® Ryota Takahashi; Photocatalyst as a tool to
study nanoscale ferroelectrics

o Sverre Magnus Selbach; Multiferroic
BiFeO;; wet chemical synthesis and finite
size effects

e Per Martin Rorvik; Growth of PbTiO;
nanorods on substrates by hydrothermal
method

e  Guozhong Wang, Synthesis of KNbO;
nanorods by hydrothermal method

e Tor Grande,; Preparation of nanomaterials
by wet chemical routes
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o Sedsel Fretheim Thomassen,; Growth of
quantum dots for intermediate band solar
cells

e Hilde Lea Lein;, Asymmetric proton and
oxygen conduction oxide membranes and
fuel cells

e Cedric Lesaint; Synthesis,
functionalisation and characterisation of
mesoporous Alumina materials for
Fischer-Tropsch catalysis

e Magnus Ronning, Nanomaterials for
catalysis

o Jianying He; Nanomechanics of
nanostructured polymer particles

e Lei Shao,; Nanostructured membranes

e Oyvind Bork; Methanol adsorption on
NiAl(110): Density functional theory

o  Astrid Lund Ramstad; NTNU NanoLab’s
“Clean Room for Synthesis by Chemical
Methods”

After the oral presentations, aperitifs were
served in Chemistry Building 2, followed by
the symbolic opening of the clean room area
for chemical methods by the vice rector of
NTNU, Professor Astrid Lagreid.

From the right: Vice-rector Prof. Astrid Leegreid,
Prof. Thomas Tybell and the leader of the planning
commiittee for The clean room area for chemical
methods, Ass .prof. Astrid Lund Ramstad. Photo:
Synnove Resem/NTNU Info.

The meeting was concluded with dinner and
poster session displaying 16 poster
contributions.



Seminars and Colloquia

During 2007 several seminars and colloquia
focusing on various aspects of nanoscience and
nanotechnology have been arranged at NTNU.

An NTNU NanoLab Workshop on
Bionanotechnology was organized in January
2007. The meeting was attended by 16
researchers from NTNU, representing five
faculties: NT, DMF, IVT and IME faculties)
and 7 participants from SINTEF. The purpose
of the meeting was to discuss and identify
common interests and prepare a list of
equipment important for the future
development within the clean room are for
bionanotechnology at NTNU.

The nanoC network is a platform promoting
fundamental investigations related to carbon
nanomaterials, with a focus on synthesis,
characterization and applications. The
backbone of the nanoC network has been a
series of seminars with national and
international participants. In February 2007,
the 3" NTNU seminar on Synthesis and
Applications of Carbon Nanofibres /
Nanotubes was arranged at NTNU by the
nanoC network. The seminar was attended by
four invited international keynote speakers,
and about 50 participators. The focus was on
largescale synthesis and industrial applications,
as well as potential commercial opportunities
of carbon nanomaterials for upgrading
Norwegian natural gas. The network has also
established a cooperative relationship with the
East China University of Science Technology
(ECUST) on the use of carbon nanofibre for
catalyst supports and catalysts. Three guest
researchers came from ECUST to visit the
NTNU catalysis group in 2007. A project to
use carbon nanofibre supported Pt catalysts for
using organic hydrides in hydrogen storage has
been initiated.

In November 2007, NTNU hosted a workshop
on nanomechnical testing of structural
materials. The main invited speaker was Dr.
Afrooz Barnoush from Saarland University
(UdS), who has specialized in nanomechanical
testing of hydrogen-embrittled nickel and
duplex stainless steel. 23 participants from
NTNU, StatoilHydro and SINTEF attended the
workshop. In addition to the presentations, new

applications of nanomechanical testing were
discussed.

Several colloquia have been given by invited
guests:

Dr. Harold Weinstock, US Air Force Office of
Scientific Research, Washington DC:
“Nanotechnology — A short History and
Selected Applications”.

Prof. Sadamichi Maekawa, Institute for
Materials Research, Tohoku University, Sendai,
Japan: “Spin Current vs. Charge Current in
Magnetic Nanostructures”.

Prof. Yuji Matsumoto, Tokyo Institute of
technology, Japan: “New Photochemistry on
Nano-scale Designed Oxide Surfaces and
Interfaces by Oxide Epitaxy”.
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Study Programme in Nanotechnology

In the second year after its start-up in 2006 the
master programme in nanotechnology at
NTNU continued to attract highly qualified
students. In 2007, 991 coming students applied
for the 30 available positions! Along with this
narrow gap for admittance follows high
expectations to the content and quality of the
study programme offered. “Does NTNU
manage to live up to these high expectations?”
we asked second year student Andreas
Bertheussen:

- During the first year I found it a bit hard to
grasp the essence of what nanotechnology
represents. Apart from an introductory course
in nanotechnology the first semester, the
curriculum includes mostly basic subjects
within a broad spectrum of scientific fields.
The characteristic features, as well as the
overall plans of the study programme were a
bit unclear to me. Fortunately, this frustration
vanished in the course of the third semester. |
still wish, though, that I had a bit better
understanding of the various fields of
specialization that we are currently about to
choose between.

Andreas Bertheussen, student at the MSc study
programme at NTNU. Photo: Ida Hederstrom

In times when science and technology
experience a lack of interest among young
people, nanotechnology has received
exceptional attention. Are there any specific
highlights within the study programme so far
you would like to point out?
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- That must be being allowed to use an

electron microscope already in the second year!
In general, the hands-on philosophy towards
the instrumentation, the fact that we are
allowed to operate advanced instrumentation
ourselves rather than just observe
demonstrations gives great pleasure and

boosts the motivation. I believe we are allowed
to do this at a much earlier stage than students
on many other study programmes.

What about disappointments?
- Can'’t think of any. Idon't like to focus on
negative aspects...

You are a member of the board of Timini, the
study programme’s student association. What
is your impression of the social environment?
- We are only 30 students in each class, which
is quite few compared with many other study
programmes here at NTNU. This makes it easy
to learn to know everyone and develop a good
setting for learning and socializing. This has
been very fulfilling.

This study programme is still under
development. As a former student
representative of the “Study programme
council”, how do you feel the possibilities are
for influencing the development of the
programme?

- The students definitely have the opportunity
to participate in the development of this
programme, especially since it is so new and
still in the process of being established.
However, it clearly requires some scientific
knowledge and experience in order to be able
to contribute adequately.

What are your expectations for the study years
to come?

- Oh! I'm really looking forward to it! The
number of nanorelated courses will defiantly
increase, and along with it the insight in
nanotechnology.

So, finally, would you at this point recommend
the study programme to future students?
-Definitely! Grins Bertheussen enthusiastically.



Construction of Clean Room Facilities

The construction of state-of-the-art clean room

facilities at NTNU is in progress. When
finalized, the facilities will constitute an
integrated entity specially designed for cross-
disciplinary research activities. The entire
clean room area will cover 700m? and be
GMOII:2 compatible. The facilities will be
organized in several zones dedicated various
purposes:

e Area dedicated chemical methods
Area dedicated physical methods

e Area dedicated bionanotechnological
methods

e Area for characterization

e Area for tuition

These areas will hold cleanness between class
10.000 and 100 and local vibration free zones
down to VC-E, depending on the requirements
of the local processes. The laboratories will be
furnished with state-of-the-art equipment for
nanotechnological research within prioritized
areas that will complement the facilities of
SINTEF’s MiNaLab in Oslo. Great emphasis
has been put on designing a flexible
infrastructure that may easily be adapted to
future demands. In addition to specialized
equipment, the facilities will include general

support laboratories, offices and meeting areas.

The area designated for chemical methods was
opened for researchers in 2007. It is especially
equipped for structuring and characterization
of nanomaterials and nanoparticles. Available
processes include:

Nanosyntheses:

e Wet chemical methods (dip / spin / spray
coaters, microwave oven)

o Hydrothermal syntheses (high temperature
ovens, autoclaves)

e Nanoparticle separation (centrifuges,
ultrasound)

e Chemical Vapour Deposition

Nanoscale characterisation:

e AFM (atomic force microscope)

e SECM (Scanning electrochemical
microscope)

e Particle size determination (from 2 nm)

Senior engineer Trine 9. Ostlyng ready to assist in
the clean room area dedicated chemical methods.
Photo: Anne Store.

The remaining parts of the research facilities
will be built in two phases. The clean room
areas and support laboratories will be
constructed in 2008, and be open for users in
the early spring of 2009. Finally, the furnishing
of adherent offices and meeting rooms will
take place in 2010.

The area designated for physical methods has
been planned as a fully equipped thin film
growth / processing laboratory with emphasis
on diversity in materials and high resolution
work. The following methods will be available
in the fully furnished laboratory:

e Thin film growth: sputter deposition,
PECVD, e-beam deposition, metallisation.

e Lithography methods: Dual beam focused
ion beam etching system, DUV-
lithography, e-beam lithography and
nanoimprint lithography.

e Etching methods: wet etching, dry etching
(RIE, ICP-RIE, IBE, CAIBE, PE).

The area dedicated to bionanotechnology will
incorporate tools for nanoscale fabrication
based on biological methods or fabrication
using biological materials. Key activities will
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include work on biopolymers, nanostructured
surfaces, studies related to drug delivery and
fabrication of new contrast agents for medical
imaging. The facilities will also allow work
with cells and micro-organisms.

The area for characterization is planned to host
among others, the following facilities:

e High resolution SEM

e Two darkrooms for optically demanding
characterisation and manipulation
(combined AFM/optical microscopy,
spectroscopy, optical tweezers).

e AFM suitable for wafer inspection.

The laboratories will be open to all researchers
interested in nanotechnology, both at NTNU,
SINTEF and other Norwegian research
establishments.

Dissertations

The following candidates have defended their
thesis for a PhD degree at NTNU within fields
related to nanotechnology in 2007.

e Martin Andresen: Surface modification of
micro fibrillated cellulose.

e Daniel Bondeson: Biopolymer-based
Nanocomposites: Processing and
Properties

e Qyvind Borg: Role of Alumina Support in
Cobalt Fischer-Tropsch Synthesis.

e Esther Ochoa Fernandez: CO, Acceptors
for Sorption-Enhanced Steam Methane
Reforming.

e David Grainger: Development of carbon
membranes for hydrogen recovery.

e  Mari Juel: Properties of novel bimetallic
surface structures.

e Sigbjern Kolberg: Modelling of

Electrostatics and Drain Current in
Nanoscale Double-Gate MOSFETs.
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e Ingvar Kvande: Carbon nanofiber
supported platinum catalysts

e Ingvild Kvien: Characterization of
Biopolymer Based Nanocomposites.

e Marian Palcut: Cation diffusion in LaMnO;,
LaCoO; and LaFeO; materials.

e Linnea Peterson: Biopolymer-based
Nanocomposites.

Photo:Thor Nielsen/NTNU Info



Publications

The scientific community within
nanotechnology at NTNU as published a
significant number of articles in 2007. In the
following a few selected publications are sited
within the four prioritized areas of NTNU
NanoLab.
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