GNTNU
SINTEF

‘. TEM {

Gemini Centre

o

t N2 2S

TEM Gemini Centre

The TEM activityn Trondheim is
centered around the TEM Gemini
Centre, which consists of
professors, engineers, postdocs
and stucents at Dept. of Physics
(IFY),NTNU andresearchersin
SINTERdustry.

We have in total three TEM
instruments and are part of the
national infrastructure NORTEM.
One of these is one of the most
advanced available.

In 2021, we have at Y 3.4
(assoc.) pfessors, 2 engineers, 5
SINTEF researchers, 1 Postdoc, ~8
PhD students and several MSc
students with TEMas their main
activity.

Our research extends through
various fields of solid state physics
and materials technology, from
cooperation with industry on
aluminum, solar cells, naro
materials and data analysis.

http://www.ntnu.edu/gem
inicentre/tem
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The transmission electron microscopy (TEM) Gemini Cerites three
state-of-the art microscopesTheseTEMsinclude the most sophisticated
technology availableand give new possibities for advancedmaterials
characterization novel experimental solid-state physics and
nanotechnology down to the atomic scalés a studentin the TEMgroup,
you will have aunique opportunity to usea 2 YS 2 F { K&t
advancedscientific instrunmentation yourselfor work with data from themnl

As a project or diploma student in the TEM group you can take an active part
in one of the exciting research projects which regsinanoscale material
characterization. You work together with a PhD stud&iNTEF researclser

or one of our external collaborators to achieve a common goal. The work can
have an applied character and be very practical, or theoretical to support
experimental activities within the group. Alssocombination of practical and
theoretical work is pogble. In all projects TEM or input from TEM is used to
understand the structure of a material down to the atomic level and relate
this to macroscopic properties of the materials.

Examples of student projects which are available:

1 Developmat and characterization of new aluminium alloys
1 Study of nanoparticleand nanowirego optimize synthesis

1 Simulatiors, atomistic modellingnd advanced datprocessing
9 Studies of thin film oxides for use in electronics

1 Studies oimulti-materials and joits

9 Contribute to opersource code for data analysis

These projects are described in more detail in the next pdggdier, several
student projects have led tscientificpublications [18]. Due to high demand
on the research fdlities and the intensie supervising we give, we can take
in max8 new students(5 experimental)n the group irthe coming semester.

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We
work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) indinkl.

https://www.ntnu.edu/physcs/temgemini
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We Oﬁer Within the Aluminium projecta/e this
1 Choice of a project that fits your interests and background. year offer a summer pb through SFI
1 Training in operating advanced and modern scientific equiproent SERENEEIININERLEEERCIECRC
. . e . . possibility to stay one month in Jagan

and simulation and quantification software (theoretical/modelling). an aluminiumcompany aa part ofthe

1 Weekly meetings with a supervisor during the project. project/MSc (covid permitted!; We

f Being part of a large and dynamic scientific consortium. also offer asummer job in the project
with Elkem! Ask us abaudetails!

1 Possibiliesin extending the project t@a Master or &2hD

All topics can be adjusted to 15,30 or @CTSYou are encouraged to contact one of us if you like to hear more
details on a specific project, other available projects, options in academia or induraadiploma in TEM or
possibilities to incorporate own resedr ideas related to TEM. For more information on the current activities within
the group, group members, equipment and recent publications, see the TEM Gemini Centre homepage:
http://www.ntnu.edu/geminicentre/tem.

Alsq take a look at our videdittps://www.youtube.com/watch?v=BulLqv4 cIMU

Contacts

Prof. Randi Holmestad Prof. Ton van Helvoort Assoc. Prof. Assoc. Prof. Il AssocProf. Il
Room D4153 Room D4149 Magnus Nord Per Erik Vullum Sigurd Wenner
+4748170066 +4773593637 RoomB4-113 Room D4118 Room D4118
randi.holmestad@ntnu.no a.helvoort@ntnu.no magnus.nord@ntnu.no +4793820647 +473016522

per.erik.vullum@sintef.no  sigurd.wenner@sintef.no
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[2] N.H. Gauk&s, S. M. Dale, T. M. ReedeFofesen R. Holmestad, J. Glaum,-M® 9 Ay | NANHzRZ | yR ¢ @ NI YRSS a4/ 2y
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[8] J.Busam S. Wenner, A.M. Muggerud and A.T.J. van Helvotmgt8ral Characterization of Natural Quartz by Scanning TEM, Microscopy and
Microanalysis 24(S130442045 2018

[4] H.W. Ane, I.M. Andersenand A.T.J. van Helvoort, Crystal Phase Mapping by Scanning Precession Electron Diffraction and Lisaatiie
Decomposition, Microscopy and Microanalysis 24(S1), pp58862018
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Journal of Physics: Clorser, 2017, 902, 012022loi :10.1088/17426596/902/1/012022
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[7] F de la Pefia et al, Hyperspy6 1Zenodo. https://zenodo.org/record/4294676#.YDOtkuhKg2and D. Johnstone eél, pyXem 0.3, Zenodo,
https://zenodo.org/record/4436723#.YD0p2ehKgd®pensource software]

[8] T.BerghH. FyhnL. Sandes, J. Blindheim, @. Grong, R. Holmestad, F. Berto, P.E. udluinO N2 & (i NHzO (addN@silé pyoRertiésDfyaimidi S
material aluminiurcoppersteektitanium butt joint made in one pass by hyiri Y S £ SE (i NOSabinitgtl. 5 62y RAy 3¢

The TEM Gemini Centre is a strategic collaboratioweeh NTNU and SINTEF. We
work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) indinkl.

https://www.ntnu.edu/phydcs/temgemini
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Structural characterization of heterostructured
semiconducting nanowires

Motivation

IV semiconductor nanowires with high quality are groatrDepartment ofElectronic Systems (IE®) future
applicatiorsin optical devicesl(EDslases) and solar ells. Because of their small size, nanowires have to be studied
by characteration techniques with a high resolution as for example TEM.
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What the student will do in the project

You will study a specific batch mnowires with interesting optoelectréd properties. Your task is to help with
optimizing the growth condition (to be specific GaN grown on a new MBE) or understanding the relation between
optical & electrial properties to the crystal structure / latticdefects/composition as determined by TE¥Xbu will

learn to use basic TEM techniques as electron diffraction andrbigiution imaging techniques. SEM, STEM or
FIB work within NTNU Nanolab could be part of the project. Your own characterization @sulslevant to
optimize growth and nanoire-based devices. An alternative project is making nanowased circuitry using FIB.

The project can be adjusted to 15, 30, 45 or 60 ECTS.
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Required from the student

Interest in experimental work using the TEMinJweekly project meetings with academics and other project
students that grow the nanowires. You should be able to clearly communicate and relate your results to others in
the project and understand what febdckthey expect from your TEM work.

Other aspcts

The field of semiconductor nanowires, fundamental understanding and application of them in devices had an
enormous growth in the last years. We had alreadytbject/masterstudents working on TEM of semiconducting
YIy2ANBa® wsSa dzfaré publighgd atieiwadaBsS Theéi rés@arch ig interdisciplinary and a key example
of fundamental & appliedchanotechnology at NTNU. The obtained practical skills can be appliaé gtudy of

other nanostructures.

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We
work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) iwdinkel. ;

https://www.ntnu.edu/phydcs/temgemini

f
Contact persons 4%
Ton van Helvoort (IF¥,helvoort@ntnu.nd. Other key people in the project: Helge Wemarg(IE %
and BjgraOve Fimland (I§.
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Joining for aMulti-Material Future

Motivation

The development of lightweight multhaterials in vehicles is in¢able to reduce the environmental impact and

to increase fuefficiency. Two examples here are 1) vehicle bodies, where alumisiieeh joints combine théow

weight and formability of aluminium with the strength and low cost of steel and 2) battery ppaeks, where
replacement of Cu with Al cables has enormous weight saving potential. To join or bond metals is challenging, sinc
they often have large dirences in thermephysical properties, different solid solubility and new phases are
formed on the mterface. Hybrid metal extrusion and bonding (HyB) is a novel, patented-ssati joining
technique developed byiyBond where dissimilar metallic materials can be joined at low temperatures using a
filler wire. Strictural characterization on the nargcale of the multmaterial joints and of the filler wire before

and after joining is important to understand both thechnique and the mechanical properties of the resulting
joints.

PRI Thefigureshows apnoptical
macrograph of the A$teel HYB
butt weld and b)TEM
.................. characterization of the HYB-Al
steelinterface region (from
Sandnes, Bergh, Grong,
Holmestad, Vullum, Berto, Mat
Sci. & Eng. A, in press (2021)
140975.
https://doi.org/10.1016/j.msea.
2021.140975

Retreating side
(RS)

Your prolect

The student will chacterize
multi-material  joints  with
transmission electron microscopy
(TEM). Thorough training will be given,
and the student will learn how tasethe TEM, and t@analyzeand understand the results of different electron
microscopy techniques, such as enemispersive Xay spectroscopy, electron diffraction and scanning TEM
(STEM)The project can be adjusted to 15), 45 or 60 ECTS.
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Requirements

The student should be interested in materials physics, electron microscopy and electron diffraction, adiomotiv

for the project work is the most important requirement. Experience with electron microscopy or with
programming, preferentially Python, is audvantage. The most relevant courses are Solid State Physics and
Materials Physics. It is important to bellmg to work both independently and in cooperation with other
researchers in the project.

The student will collaborate closely with PhD candideaes SINTEFThe results from the project work will
complement research done by others and will likely be pascientific publications. The student will be a part of
the TEM group andonnected to theSEI Manufacturingentrethat has 15 industrial partnerand the NANQ021
project InSanewhere we want to do nao-joining inside the focused ion beaffalB)instrument

Contact persos

Per Erikvullum, Associate ProfessorDepartment of Physics, NTNRBesearch Scientist, o
SINTEFOffice: Realfagbygget BIL8. Email: per.erik.vullum@sintef.no é ‘
Randi Holmestad, Professor, Department of Physics, NTNU. ) /
Office: Realfagbygget BEi63.Email: randi.holmestad @ntnu.no B |

N Va‘:-_‘.‘: "\i’ /
The project is a collaboration witbepartment ofMechanical and Industrial Enginemgi ‘ A

andprofessors Filippo Berto, Jan Torgersen and @ystein Grong.

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We
work within the fields of solid state physics, materialesce and metallurgyand

study a broad range of materials down to the atomic level. Our lab hosts some of t ‘
most advanced transmission electron microscopes (TEM) iwdinkel. .
https://www.ntnu.edu/phydcs/temgemini
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TEM investigations @luminiumalloys in collaboration
with industry

Motivation

Inthe studies of light metal alloys there are challenges when it
comes to establishing relations between the nasioucture and
the mechanical properties, as for example strength and
ductility. In AIMg-SiCu alloys, the strength increase is due to
precipitation of nanometersized metastable phases (see TEM
image) that fom from solid solution during heat treatment
These sealled precipitates are tgdied by transmission
electron microscopy (TEM)

NTNU (Departments of Physics and Materials Science and
Engineering)and SINTEF havseveralongoing collaboration
projects with Norwegian (and international)aluminium
industry. Within this collaboration, we offer specialization proguotasters within characterization of
microstructure inaluminiumalloys The work will contribute in the developmerand desigrof new aluminium
alloys mainly forthe automotive industry This workcanbe connected to th&sumAlprojector the SFI PhysMet
centre, where wework in close collaboration with SINTEfydrg BentelerAutomotive and Neuman Aluminium
Raufossand other industry The students wilbe invited to internal aluminitn meetings as well as to project
meetings in Trondheim or/and at industry sitdis year we offer a summer jodit NTNU in Trondheim for a kiek
start of the project/MSc work Within this field there aralsopossibilities fointernshipsin Japarandcontinuation
as a PhD student

Your project

In SFI PhysMewve havecurrently a project with Hydo and Raufossvhere we want to combie accurate TEM
measurements with atom probe tomograpi{APT)measurements.The student(s) will here do experimental
testing of properties (such as hardness, strengtbnductivity.) with different heat treatments, and study the
corresponding nanostructuréprecipitates)in the TEM supervised and icollaboration with PhD students and
SINTEF researchers (who ¢tetp with moreadvanced microstructure characterization if needewye also have
two specific project offers with Hydro Extrusioseé¢ end of tis document «€ontact us)

Requirements

Background in materials physics (solid state physicslaandterest in materialscience would be an advantage.
Wewant studentsinterested in doing experimentatork andworking independently in a larger groupsafientists

Contact persos

Randi Holmestad, Professor, Department of Physics, NTNU.
Office: Realfagbygget Ei63.e-mail: randi.holmestad@tnu.no
Other key people ithe project

Calin D. Marioaré§SINTERalin.d.marioara@sintef.ro

Christoph Hel{PhD student, Physics, NTNUristoph.hell@nhu.no)

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We
work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) iwdinkel. o

https://www.ntnu.edu/phydcs/temgemini
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Developing data processing routines for diffraction
datasets from novel electron detectors

Motivation

Electron diffraction is a crucial tool in characterizing different materials. At Nhdldgtalled scanning precession
electron diffraction (SPED) technique has been extensively used for characterizing different Aluminium (Al) alloys
to explain theimaaoscopicproperties [1]. The goal is to understand the physics behind the strengthening
mechanisms in Al alloys, by studying the eatfgss of industrial thermomechanical heat treatments at the nm
scale. With the SPED techniques obtain a 4D dataset coprised of a 2D reapace position and a 2D signal in
reciprocal space (one electrornffiaction pattern from each scanned positionjuidacility has recently got one of

the firstnew generation electron detectorshe so-called direct electron detectorg o fully use the potential of the

new technology, there is a need to explore the détesettings and optimize the postcquisition @ta analysis.

Your project

We have acquireddD datasetsrom the new detectoy and an example
dataset is shown irthe figure to the left. In the image denoted VDF
(virtualdark field) bright spots corregond to pixels where the diffraction
patterns cantain extra information compared to the Al surroundings. By
adding the diffraction patterns inside theed and green iccles in the
VDFwe obtain diffraction patterns like the ones shown in ttep of the
figure. Here, the large bright spots are signainir Al, while we are
interested in everything between the Al spots (clusters white
responsible for the materials gngthening). Your task will be to togut
various data analysistechniques on the dataseto extract structural
informationfrom the smal cluster regions. In additigdevelopment of data
processing routines for new datasets are planned.

Requirements

The student will need programming experience (eg Python) and interest as
well as knowledgevithin condensed matter physics.

Contact ersons
RandiHolmestad, Professor, Department of Physics, NTNU
Office:Realfagbyggdd4-153. Email: randi.holmestad@ntnu.no
ElisabethThronsen, RD candidate, Department of Physics, NTNU.

Office: RealfagbyggeB4115. Email: elisabeth.thronsen@ntnu.no
Others involved: Ton van Helvoort

[1] J.K. Sunde, C.D. Marioara, A.T.J. van HeJ\@oHolmestad;he evolution of precipitate crystal structures in arMd-Si¢
Cu) alloy studied by a combined HAABHEM and SPED approaktat. Char., 142, 2018, 45859.

The TEM Gemini Centre is a strategic collaboratioweeh NTNU and SINTEF. We
work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) indinkl.

https://www.ntnu.edu/phydcs/temgemini
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Nanowirebased dewes

Motivation

QGayoNano has developed a netd where heterostructured Hhitride semiconductor nanowires with high quality

are grown on graphene. From them light emitting diodes (LEDs) emitting light in thend¥ are constructed. At
SluppenTrondhem CrayoNano hask@and new MetalOrganic Cheinal Vapor Deposition (MOCVD) lab. They are
now continuously producing nanowire samples which need further processing and characterization. Because of
their small size, the heterostructured nanowires and devidements have tde studied by characterizatn
techniques with a high spatial resolution as for example Transmission Electron Microscopy (TEM).

Cathodeluminescence

Device design

500 nm

Your project

You will study a specific batch of nanowires with interesting optoelectronic propeMias: feedback helps to
further optimize the gravth conditions of the semiconductors (to be specific GaN and AlGaN segments grown with
the new MOCVD). It is important tunderstand the relation between the optical properties as measured by
cathodoluminescece (CL) and the crystal structure/lattice de&#composition as determined by you using TEM.
You will learn to use basic TEM techniques as well as scanning eleatroscupy (SEM) and CL.

Requirements
1 Interest in experimental work using SEM/CL and TEM
1 Have regular meetings with researchers aay©Nano. You should be able to clearly communicate and
relate your results to others in the project and understand wiegidback they expect from your work.
1 Aninterestin programming (Python/Hyperspy) issalrantage as these are valuable tools in thecessing
of the acquired data.
This is a unique opportunity to be part of applied nanotechnology and the dynamicgeraca higktech startup
company. The obtained skills can be applied to study otheostuctures in academia and industry.

Contactpersons
Ton van Helvoort (IF¥,helvoort@ntnu.ng,
Ida Marie Hgiaasda.hoiaas@-crayonano.cgror Priti Guptgpriti.gupta@crayonano.cojn

work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) iwdinkel.

https://www.ntnu.edu/phydcs/temgemini

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We ‘
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Domain imaging in ferroelectric oxides

Motivation

Ferroelectric materials exhibiting a spontaneous electric order that can be switch. This class of materials is now ir
the spotlights because of interesting solatiate physics phenomena, already finding application in stt¢he-art
non-volatile data sbrage. In addition, these materials hold great potential for the realization of conceptually new
concept for nanoelectrongdevices. The unique electric properties ofréelectric materials are related to the
structure at the atomic scale and, hence, tolling structure means controlling electronic functionalities. At
NTNU, there are several research groups working orfdrefront in ferroelectrics research. This sard project

is part of a collaboration between the departments of physics and maserigiere the ferroelectrics are studied

in order to enable nexgeneration nanotechnology. Transmission Electron Micros§€®f/) is an indispensable
technique to undersind the electric order across all relevant length scales down to the atomic scale.

Your prOJect

Your task will be to image the electric domain and donrvaati structure in functional ferroelectrics by TEd
different scales. The atom&cale propertis of the candidate materials fall into a largely uncharted territory,
offering an ideal playgroundf highresolution TEM studies. You will learn to prepare TEM specimens starting
from millimetersized singlerystals, study the microstructure at differelength scales, including lattice defects
and how these interact with the domain structure. The samaterials will be studied by PhD students using
complementary techniques, such a scanning probe and scgeifgctron microscopy techniques. You can have
vivid exchange and scientific discussion with your colleagues. In the project you will learf Bislsicncluding
lattice imaging and diffraction techniques. In a folloyw master, the work might be extendedlith scanning
electron microscopy (SEM), scammelectron diffraction and electron spectroscopy techniques (EELS fine structure
data analysis)The project can be adjusted to 15, 30, 45 or 60 ECTS.

Requirements
1 Interest in experimental work, which he includes specimen preparation and operatioh larger
microscope units. Some data processing could be included.
1 Have regular meetings with supervisors to link your TEM work to other activities on the same material. You
should be able to clearly commuate and relate your own work to that of otheirs the group.
9 Interest in doing research to understand how propestare related to the materials structure.

Contact persons
Ton van Helvoort (IF¥,helvoort@mnnu.no) and Dennis Meier (IMAlennis.meier@ntnu.np

work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) iwdinkel.

https://www.ntnu.edu/phydcs/temgemini

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We ‘
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Extracting reaningful data from BIG electron diffraction
data sets

Motivation

The advances made in data technology have made the tbigiglataand madine learningmore than just
buzzwords. In dayl life, big data and machine learning are steering us in the background (e.g. with searcl
engines) and will be even more used in the future (e.g. Google car). In nearly all research fields a disrupti\
transfomation is ogoing due to these advances.

Inthe TEM group we have been working on new ways to analyze scanning electron diffractioie @gexguiring

2D diffraction pattern at each pixel). Group members on all levels, including project students, have
contributed torecent progress. We have a statehe-art, special detector for electron diffraction. The new
detector enables acquisition of datasets 10 to 100 times as big as what is commonly acquired today. Ne
ways are needed to handle the growing amotidata ad to extract the added informationit. Work on
analyses of such data is part of ongoing research and international collaboration focused on achieving sm
data acquisition and data handling.

Your project

You will get TEM data sets, panly scannig electron diffraction data, andedelop and test new routines and
algorithms for the analysis of the given data. The aim is to do crystal phase or orientation analysis over larger area
preserving nrescale spatial resolution. The data couleé som semicaductor material, nanoparticles, ro
aluminiumalloys. In addition, there is special interest in establishing routines for analysis of beam
sensitive norcrystalline materials, e.g. biomaterials and plastics. Collaboration with thewa&,taking

part d new experimental sessions, antarstanding the physics behind the crystallography data can be
important.

The created digital tools should be made available and accessible to other people in the research community vie
opensource platfoms, primarilyby including developed code vidt (to the repositories pyXem. This means that

the whole process of development also must address implementation, version control, testing and documentation.
The project can be adjusted to 15, 30, 45 or 60EC

Requiredrom the student

You should haven interest in using and further developing software tools. Experience with Matlab, C++ or
preferably Python is essential. Good communication and interaction with scientific and academic staff and PhD
studentsinvolved, & well as the skill to work indepdently, are also important. The intention is that results will
contribute to scientific publications. The expertise you will gain during this project should be attractive for jobs
outside the field of materigphysics, ashe tools and skills can be apgdi to challenges in several fields.

Contact person:

Ton van Helvoortalhelvoort@ntnu.nd Others involved: Magnus Nord
(Magnus.nord@ntnu.ny Phillip CroufUniversty of Cambridge) and Randi Holmestad
(randi.holmestad@ntnu.np

work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) iwdinkel.

https://www.ntnu.edu/phydcs/temgemini

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We ‘
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Transmission electron microscopy investigations of
catalysts, membranes and process matsrial

Motivation

Specialization projects are avdila within a collaboration between the TEM and KinCat NTNU Gemini Centres with
link to iICSk industrial Catalysis Science and Innovag@Centre for research basa@thovation appointed by the
Research Councif dlorway and hosted by Department of Chemical Engineering, NTNU. Development @ifstate
the-art research methodology is at the cooé iCSRB generic activities and includes investigating catalysts and
proces materials at the nanoscaleThe projects invive collaboration with ongoing researchdditional
investigations by spectroscopy (e.g. Raman, IR, XPS, Auger) or theoreticaingdB€T) can be included to the
projects depending on the relevance andeirgsts of the candidate

Your Project

The projet concerns TENdased investigations on one of thevo following systems of high industrial and
environmental relevancejependent on thecandidateQ & A Y 1 SNB & G a

1. Silver (Ag) catalysts for partial oxidation miethanol to formaldehyde (MTH characterizatbn of Ag
restructuring and O dissolution in Ag. Formaldehyde is the essential component of wood adhesives for a wide
range of applications and an important intermediate in the production of many fine chemwal€ollaborate
with the formalin technology perator and licensor Dynea and the catalyst producer KA Rasmussen AS. The Ag
catalyst restructures heavily under procegs at 650C and the restructuring is coupled to the interaction with
and dissolution obxygen. These phenomena again affect the silitg to the desired product, G&. Better
understanding of the crystalline structure and chemical interactions befdueng and after reaction may
facilitate increased productivity in the MTF process.

2. Pd dloy thin films for hydrogen separation membatechnology structural phenomena related to hydrogen
transport and membrane stability. PAAg membrane technology i®ntly being commercialized by Hydrogen
Mem-tech based on a sputtering fabrication presedeveloped by SINTEF Industry. The ideadsable Blue
Hydrogen, i.e. hydrogen from natural gas with capture and storage of @@estigating the structural
properties and changes occurring during separation could yield information critical to penfme and stability
improvements.

Both projecs involve use dftate-of-the-art instruments at theNormwegian national infrastructures NORTEM (TEM)
and NorFab (SEM and EIB)e project can be adjusted to 15, 30, 45 or 60 ECTS. =

Contact person
Supervisas. Adjunct Professor (Prof. 1) PErik Vullum(pererikvullum@sintef.nd
andProf. Randi Holmestagdandi.holmestad@ntnu.np

(e
by, Y0

A1

CoadvisorsTinaBergh {ina.bergh@ntnu.n, Prof. Hilde J. Venvik
(Hilde.Venvik@chemeng.ntnu.ydDept. of Chemical Engineering (IKP), Dr. Ingeborg
HeleneSrenum, Research ScientistSiNTEF Materiatsnd Chemistry and Adjunct
Associate Professor, IKPTNU

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We
work within the fields of solid state physics, materialesce and metallurgyand

study a broad range of materials down to the atomic level. Our lab hosts some of t ‘
most advanced transmission electron microscopes (TEM) iwdinkel. -
https://www.ntnu.edu/phydcs/temgemini
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Nanoscale imaging of magnetic structures using
Transmission Electron Microscopy

Motivation

Ferromagnetic materials are an important class of functionaterials, with applicationsiithin data storge and
sensing devices. A fairly recent development is nanostructuring of these materials, allowing for tailoring of the
magnetic structure and properties, such as the spiral structure seen in the figuree Mlaggetic nanostructures

not only allow for nev types of device concepts, buttheB I f 82 ARSIt & yly2a0l¢tS§
potentially any shapecanbemad®t a Sy G Al ftf & FOGAy3 & Iy SELSNAYSyYy(l

Toproperly understand the magnetic propertiestbese materials, it is of vital importance to not only be able to
image magnetic fields at nanometre length scales, but also to visualize the crystal structure in the same area
simultaneously. Thanks to aahces in fast cameras used in transmission etmttmicroscopes (TEM), this is now
possible. However, as this is a very recent development, much work

is need in both developing better experimental techniques ol

data processing routines. The latter requde implementation [
2F aoA3d RI G ds th® bafiabets kayi Irahge drama g
gigabytes for smalsets up to hundreds of gigabytes for largeiss
ones.

Your project

You will study both the crystal and ferromagnetic domain struct SSSeses
in permalloy thin filns using the TEM. Here, you will learn how §#k#
do basic TEM, followed by state of the art magnetic imagi
Initially this will be done with the Fresnel imaging technique, wh
is faster, easier to use and wsllited for studying how thef
ferromagnetic domin structures respond to external magnetigs
fields This will be followed by the more advancedferential [ £ri sy
phase contrast techniqyewhich yields much more information, g Pl P
but is moredifficult from an experimental and data processirg 2 |.lm
LJ,Z Ayu 27 .@)\ Se® ¢KS tFHUUSN ¢ ATEM imagefferromagnetic domains in a spiral shaped
using the Python library HyperSpgyXemand dask, and besthanostructured thin film. The colours showing the magnitt
practices within software eévelopment. You will also learn how tcand direction of thenagnetic domains

use the sate of the art Merlin fast electron detectoi.he project can be adjusted to 15, 30, 45 or 60 ECTS.

Requirements

The student should be interested in experimental work using the TEMp@agiamming using Pyt The most
relevant courses are Solid StateyBics and Material Physics.

Contact persons

Magnus Nord, Associate Professor, Department of Physics, Nifédldus.nord@ntnu.no

work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) iwdinkel.

https://www.ntnu.edu/phydcs/temgemini

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We ‘
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Motivation

Spintroncs is an emerging field which connects theoretical physiasotechnology,materials science and
computer sciencelt is a method focomputation with low energylissipaton, where information is transmitted

by spins rather than electric charge. Certaiaterials such as antiferromagnets are idealtfog transmission of

spin waves at low temperatures. Tinter for Quantum Spintronics (QuSpin) at NTNU has establishbdar |
growth of the antiferromagnetichin film materials FeSn ar@uFes To asseswhether growth conditions are ideal

for creating a single phase, monocrystalline, defect free thin film, transmission electron microscopy
characterization is essential.

Your project

Your work will be focuseon the atomistic structure of thinlfins and heir connection withthe growth sulstrate.
Highresolution TEM imaging of the atomic lattice will be used to observe defects, compositional changes, and
lattice misfits between the substratand the thin film.Samples will be prepared by mechanical polighiAr ion

milling or focused Ga ion beam millinGhere is a large activity at Glgshaugen on characterization of functional
materials, and the student will be included in these activitiggh) participation h weekly lunch meetings etdhe

project can le adjusted to 15, 30, 45 or 60 ECTS.

Requirements

The student should have a background within physics or nanotechnology and have an interest in condensed matte|
physics and crystallography.ou will work indepndently with a range of experimental methodsd provide
feedback to the thin film growers on film quality and growth parametéusy experience withSEM/FIB will be

useful for sample preparation.

Contact persons

Sigurd WennerAssociateProfessorl, Dgpartment of Physics, NTNU. Office: Realfagbyg
D4118. Email: sigurd.wenne@sintefno.

This project is in collaboration witbhristoph Briindrom Center for Quantungpintronics
(QuSpin} NTNU.

work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) iwdinkel.

https://www.ntnu.edu/phydcs/temgemini
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Mineralogy and TEM: nracale characterizatioof
beautiful systems

Motivation

While mineral specimens are spectacular objects for rock collectors and wearers of gems, they also are invaluabl

recordersofrockF 2 NY¥ Ay 3 LINR OSaasSa A ypeninkesor. BheiNBtdl€d Ehedidcakzdmpasit y R
(nominal constituents awell as impurities), their crystal structure (including polytypes), and-fluicen reactions
transforming preexisting minerals into new that better suit changing pressure andptrature conditions,
provide insights in rockormation and oreforming processes. TEM is an essential tool to study the nature and
transformations within and between minerals at the smallest scale.

What the stalent will do in the project

student will leaarn how to operate a TEM to characterize mialecrystallographic and coropitional properties.
The project aims to link observations at different size scales (eg. optical microscopy/petrog@Bhi TEM) and
different techniques (eg. microscopy, ED8DX Consequently, sample and specimen prefiamawill be an
important pat of the study. The project will look at illita,phyllosilicate (clay) mineral closely related to muscovite
and other micas. The illite is formed during brittle deformativiz(8 | NI K 1lj dzF 1 SaQ0 | yRg A &
to study because of finergin size, as well as variations in chemistry (Ak&ering, interlayer content/vacancies),
polytypism and morphologyl'he project can be adjusted to 15, 30, 45 or 60 ECTS.

Requir@ from the student

The perfect applicant haan interest in interdisciplinary experimental work, and is creative, inventiveredent,
independent, preactive, and able to communicate credisciplinary with researchers from different disciplines.

Contact persons

Tonvan Helvoort §.helvoort@ntnu.ny and Maarten Broekmans (
(maarten.broekmans@ngu.fo ‘

(T
4
-
The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We
work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t

most advanced transmission electron microscopes (TEM) iwdinkel.

https://www.ntnu.edu/phydcs/temgemini
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Characterisation of Aluminium Round Tubes D

Hydro

Hydro Extrusions is the leading producer gfraded aluminium products in the world and the products are used

in diversified areas such as automotive industry, buildings, ship and offshore, trains, electronics and even desigr
furniture. This leading pasbn is maintained through a combination othkl expertise, a global network, and strong

R&D capabilities.

Precision Tubing which is a business unit within extruded solutions manufacture extruded and drawn round and
flat multi-port extruded (MPE) tube®f heat transfer applications. Most of the piaction is within the 1xxx and

3xxx series (AIn) but also 5xxx (round tubes) and 6xxx (round tubes, cables, forging stock, shapes) is used for
some applications due to the combination of strength and cormsésistance.

Currently round tube alloys ithe 5xxx series are 5049 alloy only with a high Mg content. This reduces the
productivity of the alloy significantly. In an attempt to improve the productivity while still obtaining reasonably
good mechanicalnpperties and corrosion resistance, an intemigge Mg containing 5xxx alloy is being evaluated.

The aim of the current project, therefore, is to characterize the microstructure of the alloy in question as a function
of processing (extrusion and drawinly)icrostructural techniques such as SEM, EBEM will be used.

Contact persons
Jan Halvor NordlieHydro,Phone;95295899]an.h.nordlien@ntnu.npjan.hdvor.nordlien@hydro.com

Randi Holmestad (NTNLt&ndi.holmestad@ntnu.np

The TEM Gemini Centre is a strategic collaboratiomwéeh NTNU and SINTEF. We
work within the fields of solid state physics, materialesce and metallurgyand
study a broad range of materials down to the atomic level. Our lab hosts some of t
most advanced transmission electron microscopes (TEM) iwdinkel.

https://www.ntnu.edu/phydcs/temgemini
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