THEMATIC RESEARCH FOCUS

Research area

— High resolution scanning electron microscopy (SEM)
- Imaging of nonconductors in SEM

- Low energy SEM

- Scanning transmission electron microscopy (STEM)
- Energy dispersive X-ray analysis (EDX)

- Electron backscattered diffraction analysis (EBSD)

- Cathodoluminescence (CL)

Excellence

- Imaging of samples (biological specimens) without metal coating in standard
vacuum high resolution SEM

- Imaging of materials at low energies of impact electrons

Mission
Be in the forefront in the development of new high resolution SEM imaging meth-
ods and analysis for different kind of materials even at low energies.

UP-TO-DATE ACTIVITIES

Research focus

- Experimental and theoretical activities related to imaging of specimens with
electrons of energy below 1000 eV, fit for high resolution imaging without metal
coating. Imaging in reflected and transmitted detection mode

- Determination of precise component compound of the sample with energy
dispersive analysis

- Determination of precise crystallographic orientation, defect studies, phase and
grain boundary identification in many materials with electron back scattered dif-
fraction

- STEM imaging

- Cathodoluminescence imaging and spectroscopy

Main capabilities

Basic research
- Generation of signal electrons and their detection mechanism in SEM

CL spectrum of B0 nm gold discs on SisNa

T T T
SizNg (pure substrate) =
700 - CL signal from antennas =

Counts
3
(=]
(=]

=}

0 T T Y T
200 300 400 500 600 700
Wavelength (nmj

Institute of Scientific

The Czech Academy
CAS of Sciences

Instruments

Institute of Scientific Instruments
of the CAS, v.v.i.

Czech Academy of Sciences
Kralovopolska 147, 612 64 Brno,
Czech Republic

E-mail: institute@isibrno.cz
www.lem.isibrno.cz

Head:  Dr. Filip Mika
Phone: +420541514298
E-mail: mika@isibrno.cz
Expert: Dr. Ales Patak
Phone: +420541514361
E-mail: patak@isibrno.cz

Image of gold on carbon test specimen at
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NaYF, nano particles imaged with STEM brightfield detector

Applied research

- Imaging of samples of various properties and specific requirements on their
observation (metals and alloys, composite materials and polymers, electronics
materials, ceramic materials, natural and biological materials)

— Complex sample analysis

Sub-fields of group activities

- Material engineering

- Life-sciences (especially molecular biology, biochemistry)
- Measuring instruments

- Plastics, polymers

— Glass, ceramics

KEY RESEARCH EQUIPMENT

List of devices

Scanning electron microscopes:
- FEI MAGELLAN 400

- JEOL JSM 6700F

— TESCANVEGA 5130

Analysers:

- Energy dispersive analyzer of X-rays (INCA 350 and EDAX Apolo X)
- Electron Back Scattered Diffraction Analyzer (Hikari)

- Cathodoluminescence detector (Gatan MonoCL)

Others:

- Evaporators

- Sputters

- Cutting machine

Carbone multiwall nano tube imaged
with STEM bright field detector

Different orientations
of polycrystaline copper imaged
with EBSD detector

Thorium ,brain”imaged with charged
neutralisation method



ACHIEVEMENTS

MAIN COLLABORATING PARTNERS

Mastering of original methods of imaging nonconductive specimens
with electrons of energy below 1000 eV without their metal coating.
This method reveals the real nanostructure and microstructure of the studied
sample. Recently we have focused on microstructure of dielectric layers,
tissue sections, plasmonic nanoparticles, natural photonic crystals with
interesting optical properties.

F. Mika, J. Matéjkova-PIskova, S. Jiwajinda et al.: “Photonic Crystal Structure and
Coloration of Wing Scales of Butterflies Exhibiting Selective Wavelength Irides-
cence’; MATERIALS 5, 754-771, 2012

L. Frank, J. Nebesarova, M. Vancova, A. Patak, |. Millerova: “Imaging of tissue
sections with very slow electrons’; Ultramicroscopy 148, 146-150, 2015

J. Burdik, M. Soroka, R. Uhrecky, R. Kuzel, F. Mika, S. Huber:“Thin (111) oriented
CofFe,0,and Co,0, films prepared by decomposition of layered cobaltates’; Ap-
plied Surface Science 376, 209-218, 2016

0. Brzobohaty, M. Siler, J. Trojek, L. Chvétal, V. Karasek, A. Patak, Z. Pokorna, F.
Mika, P. Zemanek: “Three-Dimensional Optical Trapping of a Plasmonic Nanopar-
ticle using Low Numerical Aperture Optical Tweezers’; Scientific Reports, 5, JAN
29,08106:1-9, 2015

J. Bursik, M. Soroka, R. Kuzel, F. Mika: “Growth and characterization of thin ori-
ented Co0,0,(111) films obtained by decomposition of layered cobaltates’, Journal
of Solid State Chemistry 227, 17-24, 2015

Mastering of simulation methods for generation of signal electrons and
their detection mechanism in SEM.

F. Mika, Ch. Walker, I. Konvalina, I. Millerova: “Imaging with STEM Detector,
Experiments vs. Simulation’; Microscopy and Microanalysis 21, S4, 66-71, 2015
L. Frank, F. Mika, I. Millerova: “Optimizing the Recognition of Surface Crystallog-
raphy’; Microscopy and Microanalysis 21, S4, 124-129, 2015

Collaboration with academic partners

Brno University of Technology (Brno, CZ)

Masaryk University (Brno, CZ)

Tomas Bata University (Zlin, CZ)

Institute of Inorganic Chemistry AS CR, v.v.i. (Praha, CZ)
Institute of Analytical Chemistry AS CR, v.v.i. (Praha, CZ)
University of Scheffield (Scheffield, UK)

INP Greifswald e.V. (Greifswald, D)

Institute of Physics of Materials AS CR, v.v.i. (Brno, CZ)
University of Toyama (Toyama, Japan)
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EDX elemental map of an iron
slag. Courtesy of Associate
Profesor Antonin Rek
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Crossection of dielectric layer imaged
without coating

Detail of a Fly imaged with SE detector

Extreme high-resolution SEM Magellan 400
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Collaboration with companies

- Contipro (Dolni Dobrou¢, CZ)

— Synthesia (Pardubice, CZ)

— EID Industrial Diamonds (London, GB)
- BVTTechnologies, a.s. (Brno, CZ)

- Solartec s.r.o (Roznov pod Radhostém, CZ)
— SURO s.r.0. (Praha, CZ)

- Koito (Zatec, CZ)

— Precision s.r.o. (Zlin, CZ)

— HARIS DIVISION s.r.o. (Psary, CZ)

- Inventec s.r.o. (Brno, CZ)

- Autopal (Uherské Hradisté, CZ)

EXPECTATIONS

Offers

- Know-how in the field of scanning electron microscopy imaging and interpre-
tation of results from different detection modes

- Know-how in the field of energy dispersive X-ray analysis

- Know-how in the field of Electron backscattered diffraction analysis

- Know-how in the field of Cathodoluminescence imaging and spectroscopy
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Requirements

- Collaboration with industrial partners in common projects dedicated to ap-
plied science

- Knowledge and technologies for material analysis

- New complementary technologies
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Gold sensor imaged with SE detector
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