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 Use-inspired Materials Science & Technology Development 

 Interdisciplinary Know-how 

 Efficient Technology Transfer  

 For the Benefit of Industry 

 For the Welfare of Society 

 Committed to Excellence in all our Activities 

 

Mission 
Empa – Bridging Research and Applications 
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Bern 

Zürich 

Bellinzona 

Lausanne 

Basel 

Chur 

Switzerland in a Globalized World 

St. Gallen 

Thun 

Dübendorf 
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Switzerland in a Globalized World  
Empa-Eawag-Campus Dübendorf 
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St. Gallen 

Switzerland in a Globalized World  
Empa Site St. Gallen 
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Switzerland in a Globalized World  
Empa Site Thun 
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Empa in Numbers (2012) 

3 Sites                Dübendorf, St. Gallen, Thun 

 
5 Departments       30  Laboratories 

       950  Employees (860 FTE; about 30% Women) 
       160  PhD Students 
         40  Apprentices 
      plus 200  Master Students & Interns  
 

Budget         98  Mio. CHF Public Funding 
         62  Mio. CHF Second/Third Party Means 
  

Scientific Output    > 500  Peer-reviewed ISI-Publications 
         90  Seminars & Conferences at Empa-Academy 
 

Third Party Projects      > 60 running EU-funded Projects 
 around 100 running SNSF Projects 
 around 110 running CTI Projects 
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Integrated Knowledge & Technology Transfer  

From Science to Business 

R&D-Projects  

 Services 

PR & 

Marketing 

Patents 

Licenses 

Teaching 
ETH/Uni/UAS 

Spin-Offs 

Start-Ups 

Cont. Education 
Publications  

Conf. Contributions 

Society 

Economy 

Science 

Strategic 

Cooperations 
Empa  

Materials 

Systems 

Processes 

Knowhow 

Expertises 

Analyses 

People 

(«Heads») 
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EU 
CCMX, CCEM 

Nano-Tera 
NRP 

 

16 % 

SNF 
NCCR 
ERC 
… 

 

12 % 

CTI 
Mandates 

Federal Offices 
… 

 

72 % 

Competitive Funding    (2012:  62.0 Mio. CHF    39%) 

Industry 
 & 

Society 

 Innovation chain  

Industrial 
Research 

& 
Services 

Pre-
competitive 

Research 

Basic 
Research 

 

    Means ETH-Board      (2012:  97.9 Mio .CHF    61% ) 

From Basic Science to Innovation 
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MNCS=Mean Normalized Citation Score 

*  The Leiden Ranking 2011/2012 measures the scientific performance of 500 major universities worldwide 

(Publications 2005-2009) 

Leiden Ranking*: MNCS of the top 25 Universities 
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Climate Change 

Energy Resources Freshwater 

Mobility & Transport Aging Society 

… also for material science 

Global Challenges 
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Nanostructured 

Materials 

Energy 

Natural Resources 

 & Pollutants 

Sustainable Built 

Environment 

Health and 

Performance 

Sustainability 

Reliability and Safety 
Instruments & Tools 

Computational 

Simulation & Modelling Adaptive 

Systems 

Research Focus Areas (RFA‘s) 
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Materials meet Life 

meet 

Materials 

Life 
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PLLA screw to join non-

loaded bone fragments 

PHBV ear 

Ti alloy dental implant with 

special surface treatment 

Locking compression plate w/ 

locking screws for 12-B2/12-

B3 AO classification fracture 

Locking compression plate 

with standard screws for 42-

A2 AO classification fracture 

Internal TAN  pedicular 

fixation system (over 3 

vertebrae)  

DLC  coated CCM motion-

preserving spinal disk 

prosthesis 

POM bone rongeur with 

compliant joint  

hip joint stem with special 

surface treatment  

ZrO2 hip joint head 

Carbon fibre reinforced hip 

protector  

DLC coated knee implant 

(failure case) 

DLC coated hip joint head 

(failure case) 

Tendon bicomponent fibre 

with P3HBV core & PLA 

sheath 

Cell-seeded polymer graft to 

regenerate the myocardium 

after an infarction 

Rolled EAP actuator MedTech 
 

Combining the 

expertise of more than 

10 Empa laboratories 

Decubitus ulcers  

Flexible textile patch for 

Photoplethysmography 
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m 

mm 

µm 

nm 

R&D: Materials meet Life 

Structure 

Surface 

Function / Interaction 

http://2.bp.blogspot.com/-iiDUh6C29hw/T4ZotSaGwaI/AAAAAAAAFig/JtQ7ym7QB3Q/s1600/frontman.jpg
http://www.google.ch/url?sa=i&rct=j&q=molecule&source=images&cd=&cad=rja&docid=4xqfJ2ScnSWEhM&tbnid=xS53Ox1tUVL_KM:&ved=0CAUQjRw&url=http://sociobytes.com/2013/06/24/sweet-discovery-possibility-extraterrestrial-life/&ei=hcfzUY6oJsm0PMOVgbAJ&bvm=bv.49784469,d.ZWU&psig=AFQjCNGLLxHmepFKM7b4QVwK1800tPKl-w&ust=1375017203621528
http://www.google.ch/url?sa=i&rct=j&q=Bicomponent+Fibers&source=images&cd=&cad=rja&docid=XR8sbJEWN6vWzM&tbnid=dYLRhsja3fewKM:&ved=0CAUQjRw&url=http://www.swicofil.com/nonwovenpafiber.html&ei=EsbzUbm1BozGPcfogVg&bvm=bv.49784469,d.ZWU&psig=AFQjCNFzG3yPLd6H0RQq5CRRmGCH4-Wnhg&ust=1375016844720153
http://www.google.ch/url?sa=i&rct=j&q=textile fabric garment&source=images&cd=&cad=rja&docid=syHQPQIWkjTyPM&tbnid=j1oPc6Kul4y0CM:&ved=0CAUQjRw&url=http://www.ecouterre.com/are-3d-printed-fabrics-the-future-of-sustainable-textiles/&ei=rMbzUaGUF8rmPNH4gdAK&psig=AFQjCNFD6hQcKbPfktH-wXSoPHTzn3qKTw&ust=1375016959015365
http://www.google.ch/url?sa=i&rct=j&q=fibers&source=images&cd=&cad=rja&docid=OLi1XrswdftCLM&tbnid=ULogLDN81duXMM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:Melt_electrospun_fibers.jpg&ei=vMXzUeypE8jhPJmagZAH&bvm=bv.49784469,d.ZWU&psig=AFQjCNGzWvw-1QmKLcd_mggSLiDdj6UQeQ&ust=1375016749856755
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Modeling materials – life interactions 

robust & reliable measurement tools for both areas 

material properties 

 

size 

shape 

surface chemistry 

surface charge 

… 

… 

biological and  

physiological effects 

 

cell death 

infammation 

skin irritation 

genotoxicity 

stress 

… 

 

numerical modeling 

detailed information 

on material properties 

reliable data on 

biological and physiological effects 
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robust & reliable measurement tools for both areas 

material properties 

 

size 

shape 

surface chemistry 

surface charge 

… 

… 

detailed information 

on material properties 

reliable data on 

biological effect 

predicting 

biological and  

physiological effects 

detailed information 

on material properties 

numerical modeling 

Modeling materials – life interactions 

biological and  

physiological effects 

 

cell death 

infammation 

skin irritation 

genotoxicity 

stress 

… 

 

reliable data on 

biological and physiological effects 
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robust & reliable measurement tools for both areas 

material properties 

 

size 

shape 

surface chemistry 

surface charge 

… 

… 

detailed information 

on material properties 

reliable data on 

biological effect 

development of  

innovative materials  

detailed information 

on material properties 

numerical modeling 

Modeling materials – life interactions 

biological and  

physiological effects 

 

cell death 

infammation 

skin irritation 

genotoxicity 

stress 

… 

 

reliable data on 

biological and physiological effects 
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Empa-Accelerate Progress by sharing know how 

  

  

Materials 
Materials 

Processing 

Analytical- 
Services 

(Microscopy  
X-Rays 

AFM usw…) 

Simulations   

Multi-layer and  

system fabrication 

Materials behavior 

by in-situ studies 

Model simulations  

Of joining processes 

Interfacial design of  

nano-structured materials 
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TEM/STEM HRSEM He-SEM 

FIB 

ToF-SIMS 

AFM 

7.5 x 7.5 mm2 

3D NanoChemiscope 

Surface Analytics @ Empa 

HRXRD 

Alex Dommann/ Empa 22 Contact: antonia.neels@empa.ch 12.10.2014 22 

Center for X-ray analytics 
We develop novel X-ray technologies from nanometer to meter scale 

X-ray diffraction 

Image Analysis 

Reliable electronics & 

energy storage 

systems 

Nanomaterials 

Medical technology 

Alloys 

Polymers and  

fibres 

Sustainable  building 

XCT / XPCI / SAXS Building materials 

XCT / Reliability 

Advanced materials 
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Advanced in vitro models 

 2 dimensional culture   

3D culture 

3D placenta microtissue 

Perfused transwell 

system 

 Static  perfused  cell line  primary cells 

3-4 weeks 

100 µm 

 Monoculture  co-

cultures 

Wein and Bruinink 2013; Intergative Biol 

Born et al 2012; J Cell Biochem 

23 
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N AN OM AT ER IALS  AT  HU M AN  P L AC ENTA  
B AR R IER  

Aim: 

 Achieve a better understanding 
of NP-placenta interaction 
throughout pregnancy 

 Provide a versatile and 
predictive placenta models that 
covers the entre gestational 
period as well as different 
potential uptake routes 

 

human placenta perfusion model 
Wick et al 2010; Bürki-Thurnherr T et al 2012;  

Grafmüller et al 2013 

In collaboration with: 

 Frauenklinik KSSG  
Prof. Dr. R. Hornung 

 Institut für Pathologie KSSG 
Prof. Dr.  W. Jochum 

 Institut für Immunbiologie 
KSSG 
Prof. Dr. B. Ludewig 

 Hirslandenklinik Stephanshorn 
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Support of Empa research with clinical expertise 

Histology know-how and expertise 

Studer D, Lischer S, Jochum W, Ehrbar M, 

Zenobi-Wong M, Maniura-Weber K. 

Tissue Eng Part C Methods. 2012 

Oct;18(10):761-71. 

Bone marrow samples for in vitro 

studies 

of diverse projects 

 new implant materials/ surfaces 

 optimal osseointegration 

Alex Dommann/ Empa 26 12.10.2014 26 

Materials-Biology Interactions 
understanding the structure-function relationship of nanomaterials on human cells and tissues for human health 

M AT E R I A L S  M E E T  L I F E  

physiological and clinical relevant 

advanced in vitro 

models 

polymers, carbon based,  

metals and metal oxide 

nano scaled  

materials 

bio-relevant modifications 

core shell 

modification 

functionalization 

chem & nano analytics,  

biochemistry and analytical imaging 

nano-bio 

analysis & modelling 

NanoMedicine 

Advanced 

analytical 

research 

biomolecules  

uptake 

accumulation 

translocation 

biological effects 
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Measurement science in biology 
Insights from interlaboratory comparisons 

 

amine-modified Polystyrene beads 

27 27 
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Breast-belt with 
textile ECG sensor 

Textile-based light diffuser 

Modelling Body Functions – Textiles and Sensors  
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Plasma Metallization transferred to industry 

www.empa.ch/adva
ncedfibers 

Innovation 

Research 

Technology 

Transfer 

Product 

Example: 
 

Metallized fiber with  

unchanged textile character 

Alex Dommann/ Empa 30 

front side 

back side 

Textile embedded electrodes 
www.empa.ch/adva
ncedfibers 

MedTech Award 2006: ECG sensor shirt 

Electrocardiogram (ECG) 
measurements 

Muscle stimulation 



16 

Alex Dommann/ Empa 31 

Wristband for blood pressure measurement  

Partner: STBL Medical Research AG 

Pressure Sensor based on Piezo-resistive fibres 

Alex Dommann/ Empa 32 

Nanospider (Electrospinning-Anlage) 
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 Thermal conductivity: 

 Graphene    ~ 5000 Wm-1K-1 

 Silicon         ~ 150 Wm-1K-1 

 

 Electron mobility:  

 Graphene    < 200’000 cm2V-1s-1 

 Silicon             1400 cm2V-1s-1  

T1 T2 > T1 

On-Surface Synthesis of Graphene Nanoribbons 

Partners 

J. Chai, R. Fasel et al., Nature, 466 (2010) 470 - 473 

Atomically Precise Graphene Nanoribbons 

Nanostructured Thin Films and Coatings 

Alex Dommann/ Empa 34 

N. Ding et al., Journal of Power Sources, 192 (2009) 644 

Gravimetric & volumetric capacities 
of anode materials 

Problem: 
Up to 400% volume change  poor cycling stability 

charge 

discharge 

C6 + LiMn2O4 LixC6 + Li1-xMn2O4 

C, Si, Sn, Sb Mn, Co, Ni 
UBM Electronics 

Lithium-Ion Batteries 
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Lithium-Ion Batteries 
Sn Nanocrystals as Anode Material 

+ surfactants 
(25-350°C) 

SnCl2 Sn (NCs) 
DIBAH, OLA 

100 – 180°C 

DIBAH: Diisobuthylalluhydride 
OLA:     Oleylamine 

 Sn Nanocrystals 
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Lithium-Ion Batteries 
Si Nanoparticles as Anode Material 

Plasma Diagnostic 
 Optical Emission Spectroscopy (OES) 
 Entahlpy Probe 
 Calorimetry 
 Fourier Transform Infrared Spectroscopy (FTIR) 

Plasma/Particles Interaction 
 Optical Emission Spectroscopy (OES) 
 High-Speed Imaging 

Products Characterization 
 Fourier Transform Infrared Spectroscopy (FTIR) 
 Light Extinction Spectroscopy 
 In-Situ Sampling 

Inductively Coupled RF Plasma (ICP) 
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IBM/Empa joint venture 
Operation of a High-end TEM 

Start: 1.2.2013 

JEOL ARM 200 

Ag NP (748 atoms) Graphene Monolayer 

PRL, 108 (2012) 047601    Adv. Mat., 22 (2010) 4467 
Nano, 6 (2012) 7077 Nature Chem., 4 (2012) 287 
Nature, 470 (2011) 374 Angw. Chem. (int. ed.) 48 (2010) 8890 

3D NanoChemiscope 
(EU-FP 7 project) 

ToF-SIMS 

AFM 

PCBM/CyI polymer blend 
 PCBM (yellow) 
 CyI (blue)  

7.5 x 7.5 mm2 

24.5°C 479°C 
High-Temperature Nanoindenter 
Commercialization start in 2013 
(CSM instruments, CH) 

Micro- and Nano-Characterisation 

Alex Dommann/ Empa 38 

Electrochemical Characterisation on the Nano-Scale 

Micro- and Nano-Characterisation 
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Gate-oxide defect 

Münchenstein Bridge 1891 Schilthorn ropeway 2005 

Gym hall, St. Gallen 2009 

Failure and Safety Analysis @ Empa 
National road A9 / Jet fans of Glion Tunnel (2012) 
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Center for X-ray analytics 

VISION: We the are the leading group in Europe in the field of novel X-ray technologies and methods for materials science and 
biotechnology from the Angstrom to the meter scale. 
 

Å   𝑛𝑚             µ𝑚                  𝑚𝑚 

 Molecular structures and 

interactions 

 

 

 

 

 

 

 Strain &  

                 Defects 

    Diffraction  &          

               Scattering 

XRD / HRXRD / SAXS 

Phase Contrast & 
Dark Field Imaging         

XPCI 

Micro-Tomography 

µCT 

Macro-Tomography 

XCT 

Image Analysis & Simulation 

 Nano-particles & 

voids (sizes and 

distributions) 
 Interfaces 

 
 3D Imaging of 

large Objects 
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Center 

for X-

Ray 

Analytic

s 

SAXS 

XRD  / 

WAXD 

HRXRD 

Image 

Analysis 

 

XPCI 

Tomo-

graphy 

CENTER FOR X-RAY ANALYTICS 

3D-CT with 450 kV X-ray 
source and flat panel 

detector 

X-ray absorption 

X-ray diffraction 

X-ray refraction 

X-ray scattering 

X-ray image analysis 

Industrial CT 

Micro-CT 

XPCI 

SAXS / WAXS 

  

  

  

  

  
HRXRD / XRD 

Linac-CT 
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Enabling New X-ray Insights 

4.43 mm

(c) CSEM

Fiber Composite Materials 

•  quasi-isotropic CFRP 

•  lay up [0°/+45°/90°/-45°/0°]s 

4.43 mm

(c) CSEM

4.43 mm

(c) CSEM

5
m

m
 

5mm 

impact (20 Joules) 

impact damage 
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Computed Tomography CT 

3D Visualization 

Reconstruction of 3D Internal Volume 

(same principle used for medical scanners)  

Individual reconstruction for each contrast! 

Alex Dommann/ Empa 44 

Defects analysis in light weight composites: 
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3D Visualization of fiber bundles  

20 mm 5 mm 

250 µm 

voxel size = (50 µm)3  

Grating Interferometry 

Large sample High spatial resolution 

ODD= 396 mm 

voxel size = (1 µm)3  

250 µm 

Propagation-based XPCI 

J. Kastner et al., Proc. World Conference on NDT (2012) 
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New Materials 

Nano-Science 

Life-Science 

Reliability 

 (Electronics, MEMS and Medical Devices) 

Research 

 & Development  

+ 

Services 

 

What we do: Domains of activities 
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SAXS: Principle & Opportunities 

scattering at particles or 

electron density changes 

scattering angles:  

2q0 - 4°  d10-100nm 

d 

X-ray beam 
2q 

Some examples of opportunities: 

Grazing Incidence-SAXS 

Size (mean, distribution) 

Shape (spheric, cylindric, etc., )  

Inter-particle distribution 

Nanostructural Parameters Orientation Scanning-SAXS 
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Challenges 

 Novel coatings with improved properties 

 Novel coating technologies 

 Customized coatings 

 Durability and reliability 

Requirements 

 Scientific excellence in 

 Process monitoring and control 

 Process modeling 

 Thin film and interface characterization 

 Nanostructured Coatings 

 Computational Material Science 

Aims: 

 Improved Technology Transfer 

 Proof of Concepts 

 Process Development 

 High educated experts 

 

Coating Competence Center 
Current Situation of the Swiss Coating Scene 
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Swiss Coating Center @ Empa 

Private Public Partnership 

 R&D in Coating Technologies 
 Advanced Surface Analytics 

Swiss 

Industry 

Coating Competence Center @ Empa 

Alex Dommann/ Empa 50 

Coating 
Center 

Service 

Applied 
Research 

Building 
Infrastructure 

Facility 

Education 

Technology 
transfer 

Financing Personnel 

Orders 

Materials 

Industry 

Incomes 

Labs 

Coating Systems 

Academy 

Patents 

P
ro

p
o

sals 

PhDs 

HR 

Kn
o

w
-H

o
w

 

Coating Competence Center @ Empa 
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High vacuum deposition line   
Glass plates 60 x 120 cm2 

http://www.vonardenne.biz 

Roll-to-Roll (R2R) 
High-vacuum deposition system  (1 m x 500 m) 
(http://www.leyboldoptics.com) 

DTsubstrate = - 200°C 

Roll-to-Roll (R2R)  Printing System 

Nanoparticles 

Inorganic Flexible Thin Film Solar Cells 
Vision:  From vacuum batch process to roll-to-roll printing technique! 

 

Alex Dommann/ Empa 52 

Adrian Chirilla et al., Nature Materials (online 18.9.2011)  

Empa world records: 

 CIGS on Polyimide:   h = 20.38%  (2012) 

 CdTe on Kapton®:     h = 13.80%  (2011) 

Inorganic Flexible Thin Film Solar Cells 
Cu(In,Ga)Se2 
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Cu 

Zn 

Sn 

Se 

Kesterites Cu2ZnSn(S,Se)4: 

1. 2. 3. 4.1. 2. 3. 4.

Efficiency: 7.5% 

Inorganic Flexible Thin Film Solar Cells 
Printing Technology 
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Used inspired interdisciplinary approach combining high competences in:  

 Materials science 

 Solid State and Surface Physics 

 Chemistry 

 Corrosion Science 

 Thin film and surface/interface characterization 

 Micro- and Nanomechanics 

 Computational modeling and simulation 

 … 

Coating Competence Center 
Strenght and Uniqueness of Empa 
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Coating Competence Center 
First Collaboration: OC Oerlikon Balzers 

INGENIA S3p™ 

Vacuum Deposition System INGENIA S3p™ 
 Equipped with HIPIMS (High-power impulse magnetron 

sputtering) 
 Besides the gas composition and substrate 

temperature by the power electronic is used to 
control the deposition process 
 Duty cycle 
 Current pulse-height 
 Current pulse-time 

Applications 
 Automotive 

 Combustion engine 
 Gear 
 Injector 
 Decorative Coatings 

 Energy Systems 
 Thermal barriers 
 Membranes 

 SOFC 
 Electrolysis 
 … 

 Medical Implants 
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Properties: 

 Hardness:   1500 – 4000 HV 

 Temperature Stability:  < 350 °C 

 Very low friction coefficient:   m < 0.1 

 High wear resistance:   10-7 mm3/Nm 

 Acid and base resistant 

 Biocompatible 

Industrial well established coating technology 

Diamond Like Carbon Coating (DLC) 

Hard Disk Watch Industry Diesel Injector Automotive 



29 

Alex Dommann/ Empa 57 

DLC vs. PE 

TiNbN vs. PE 

DLC for Medical Implants 

Alex Dommann/ Empa 58 

Delamination of the DLC-Coating in 

0.01M Phosphate-Buffered Saline (PBS) 
PBS: KCl, NaCl, Na2HPO4, KH2PO4, H2O 

DLC-Si 

TiAlV 

DLC 

Corrosion !! 

DLC for Medical Implants 
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2‘500 m2 of innovation space 

Large scale „plug-and-play“ 
Living Laboratory 

Public Private Partnership 
(Research – Business – Society) 

NEST: Exploring the Future of Buildings  

Alex Dommann/ Empa 60 

NASA 

99.8 % Air 

Aerogel Granulate 

Nanoparticles & Nanocomposites 
Aerogel based Isolation Plaster 

 
 Thermal conductivity  < 27 mW/m·K 
 Spray Coating: max. thickness  2 x 60 mm 
 Low shrinkage (≤ 1‰) 
 Moister diffusion resistance factor   µ < 10 
 Hydrophobic 
 Pure mineral 
 
 Market launch: March 2013 
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Plasma Synthesis 
(TiC, TiNxCy, Si, SiC, WC, …) 
0.01 – 0.5 kg/day 

Flame Synthesis 
(TiO2, SiO2, Y2O3, …) 
0.1 – 1 kg/day 

Bacteria and Viruses Water Filter 

Efficiency Bacteria:  99,9999 % 

Efficiency Viruses:   99,99 % 

Bacteria 

Viruses 

….. from synthesis to applications! 

Nanoparticles & Nanocomposites 

Alex Dommann/ Empa 62 



32 

Alex Dommann/ Empa 63 

Building 
Envelope 

Use of 
Energy 

Indoor 
Environment 

Technical 
Water Use 

Smart 
Buildings 

Environmental 
Impact 

Advanced 
Materials & 

Systems 

Usability 
Evaluation 

Current topics of interests: 

 Natural living 

 City lifting 

 Lightweight construction 

 Office of the future 

 Glass architecture 

 Modular living 

 Digital living 

NEST: A Holistic and Sustainable Approach  
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Timeline 

 Backbone: Ready Q1 2015 

 First wave Research and Innovation Units 

 meet2create  University of Applied Science Lucerne (HSLU) 

 HiLo  ETH Zurich 

 City Lifting  EPF Lausanne 

 Natural Living Empa 

NEST: A Holistic and Sustainable Approach  

Partners: 

 
Industry* Academia Foundations, Public Bodies 

 Siemens Building 
Technologies 

 Zehnder Group 
 Fatze 
 Duravit 
 Renggli Holzbau 
 3A Composites 
 … 

 ETH Zurich 
 EPF Lausanne 
 EAWAG 
 HSLU 
 … 

 Canton Zurich 
 Federal Office of Energy 
 ETH Council 
 Private Foundations 
 …. 

* LoI signed or in discussion 
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Companies from the 

Watch Industry 

Collaborations 

Alex Dommann/ Empa 66 


