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The handbook you have just opened provides an overview of the application potential of the
Institute of Scientific Instruments of the ASCR, v.v.i. (ISI). For more than 50 years research activities
of the ISI have focused on searching for new physical methods and development of novel instru-
mental components and technologies for acquisition, imaging, and diagnostics applicable on various
scales ranging from macroworld down to the nanoworld. ISI has also successfully co-operated
with industrial partners, resulting in a number of unique devices that were the first prototypes of
their kind in the Czech Republic or even the world. Examples of these include electron microscopes
and, later, an electron beam writer, lasers and interferometric systems for precise measurements,
NMR spectrometers, and cryogenic systems. Over the past 20 years ISI has focused primarily on fur-
ther exploration and improvement of physical methods in the established areas of ISI's interests. Our
approach typically covers all the aspects of the problem, starting from the theoretical description
to the implementation of unique instrumental elements or even complex devices.
Our R&D activities cover:
I the employment of electron beams for imaging, diagnostics, lithography, and welding;
I the design of new pulse sequences for magnetic resonance tomography and their
utilization in the detection of chemical changes in living organisms, including humans;
I the measurement of thermal radiative properties of materials at low temperatures; designs
of cryogenic systems;
I technologies of thin films deposition;
I acquisition and processing of biosignals in medicine;
I the utilization of laser beams for welding, spectroscopy, precise measurement of lengths and
gas refractive index, manipulation with microobjects and nanoobjects.

Thanks to its scientific results ISI has succeeded in a hard competition and in 2010 was granted
CZK 432 mil. to realize the project of Application Laboratories of Advanced Microtechnologies and
Nanotechnologies (ALISI), which will significantly broaden and modernize the ISI research basis.
The following pages will provide you more detailed information about ISI's selected application
activities.
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Prof. Pavel Zemének
3 April 2012, Brno Deputy Director of ISI



The corridor connecting the existing infrastructure with the new building. Underneath the terrain, orthogonally to the above-ground part The front view of the new building of Application laboratories of IS ASCR (view from Tyrsova street).

of the new building, are located clean room laboratories.
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Lasers focused on the macro- and micro-world

B -ne Optical techniques have recently discovered many new applications, ranging from biology to the Set-up for optical sorting
nuclear industry. These techniques provide information on the chemical composition of the targets ~ of microobjects (p. 10).
with spatial resolution down to micrometers. The main advantages of optical techniques are fast
and non-contact measurements provided in real-time, and relatively low equipment costs.

The group of Optical micromanipulation techniques offers the following expertise:

I Construction of unique instrumentation for diagnostics that employs laser-based spectroscopy
techniques such as Laser Induced Breakdown Spectroscopy (LIBS) and Raman spectroscopy.
Applications of focused laser beams in microworld for contactless manipulations and sorting of
microobjects, production of microstructures using the technique of photopolymerization,
and two- and three-dimensional modification of objects using laser ablation.

Searching and development of new methods for identification of microorganisms, their sepa-
ration or alternatively, destruction.

Applications of laser-induced breakdown spectroscopy - LIBS
Recently, there has been increased interest and demand in nearly all scientific research areas for
experimental techniques that enable fast and unambiguous interpretation of the acquired data.
This interest follows industrial requirements for fast and accurate material identification and analyses
without lengthy laboratory techniques.
The technique of LIBS involves formation of luminous plasma generated by focusing the radiation
from a pulsed fixed-frequency laser (less then 1J/pulse) onto the surface of the sample to be analysed.
The light emitted by the hot plasma is dispersed by a spectrometer and the characteristic emis-
sion lines produced by the excited elements during the plasma cooling make it possible to deter-
mine the elemental composition of the sample within the focus area. Detection limits of LIBS range
from a few ppm to hundreds of ppm (w/w).
The on-site capabilities of LIBS imply that a measurement can be carried out without target ma-
nipulation, and the result is obtained instantaneously (in real-time). A sample does not have to be
prepared to utilize the analysis; for example, solvents and any surface contaminants can be ablated
off the sample before carrying out a measurement. Thus, LIBS is an ideal technique for identifying
e problems where the target may be coated with industrial sludge or a thick oxide layer, or even sub-
y o - merged in liquids.

The additional advantages and applications of LIBS:

I With LIBS the entire interaction between the system and the target is purely optical. Thus, the
analysis can be performed remotely, provided that an optical connection can be established be-
tween the instrument and the target, e.g. with the use of an optical fibre. For remote applications
the target can be placed up to hundreds of meters away from the mobile LIBS instrument (sedi-
ments inside storage tanks, oil rigs, and rigid steel constructions).

concrete shielding—— —Ho —o——————— 5§

lead glass shield window

mobile LIBS setup %

LIBS spectra

Schematic drawing showing

the application of a mobile

LIBS instrument.




LIBS setup for material
identification of samples
submerged in liquids

(up to a few meters).

Detail shows gas flow

to clean the sample surface
from liquid so that ablation
takes place within gaseous

environment.

Emission lines identified
in the LIBS spectrum of a metal
sample - Fe, Ni, and Cr.
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LIBS instrument submerged in liquid

gas flow
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I LIBS excels in instances where on-site, real-time, and on-line measurements in various production
phases are required (e.g. for metal identification problems). Different types of steel (e.g. FV520,
NAG, 17/4, and 18/13) can be identified simply by following some of the representative elements
(e.g. Mo, Ni, and Ti).
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I LIBS can detect the following elements - Be, U, |, Al, C, Ca, Mg, Cr, Pb, Si, Li, Hg, Sr, Rb, Ti, Fe, Ni,
V, Mn, Mo, etc.

I The most appropriate applications of LIBS are those encountered in the nuclear and chemical
industry, where quantitative or qualitative remote analysis, without any physical contact with
the sample, is preferred. A mobile LIBS setup based on the optical fibre delivery system can be
identified as a natural solution to some of the analytical problems where exposure of personnel
to highly radioactive or toxic material is understandably undesirable.

I Various setups can be used for environmental monitoring. Specially engineered systems can be
designed and assembled for each analytical problem, allowing fast decisions to be made con-
cerning the identification of target materials which can then be immediately sorted and labelled.

I LIBS can be used for quantitative analysis with reasonable precision even for small samples pro-
vided a tightly focused beam is used for material ablation (this is limited by the focusing optics).

Contact: Dr. Ota Samek I e-mail: osamek@isibrno.cz I phone: +420 541 514 127
Detailed information: http://www.isibrno.cz/omitec

Laser Raman spectroscopy

Laser Raman spectroscopy is a powerful technique for the identification of a wide range of samples
- solids, liquids, and gases. It is a straightforward, non-destructive technique requiring no sample
preparation. Raman spectroscopy involves illuminating the sample with monochromatic light
(laser) and using a spectrometer to examine light that is scattered by the sample. Spectral compo-
sition of the scattered light carries information about different molecular or crystal vibrational
modes which can serve as a unique characteristic for different materials. This makes Raman spectro-
scopy a useful technique for fast material identification (usually a few minutes are required) and
characterisation of the content of DNA, RNA, lipids, proteins, sugars, pigments, saccharides, and
amides within the sample. Typical Raman spectrometers for material identification use a micro-
scope to focus the laser beam on a small spot so that the information about chemical composition
from femtolitre volumes can be obtained.

Even though the principle of this method has been known for almost a hundred years, only recently
has started to be utilized in many unique applications triggered especially by the development of
sensitive detectors.

The advantages and applications of Raman spectroscopy:

I Raman spectroscopy is capable of rapidly identifying biological samples. For example, medically
relevant bacterial strains can be detected (e.g. Staphylococcus epidermidis). Raman spectroscopy
can discriminate between biofilm-positive and biofilm-negative bacterial strains in real-time.
Thus, time and cost of patient treatment related to virulent infection can be reduced because
an appropriate therapeutic strategy can be chosen.
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Diagram of principles behind
Raman spectroscopy:

/" Scattered light of the same
wavelength as incoming laser

A Raman shift from the
incident laser energy gives
aRaman spectrum. Different
materials have characteristic
Raman spectra.

Typical Raman spectra

of the three bacterial strains
of Staphylococcus epidermidis
(identified by colour and strain
number).

Plot of Principle Component
relation for the three
Staphylococcus epidermidis
strains. 1457-M10 strain

is biofilm-negative.

Typical Raman scattering spectra
of subcutaneous fat in three
different species. Raman bands
1656 cm' (unsaturated fat
indicator), saturated fat indicator
1445 cm’ (saturated fat indicator)
used for the calculations

of iodine value.

Itis clearly visible that the unsatu-
ration degree (ratio of the Raman
spectral peaks) differ for individual
fish species; specifically, the sub-
cutaneous fat of salmon has
significantly higher content of the
unsaturated fatty acids in compari-
son with the other two species.
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Lasers focused on the macro- and micro-world

§ 3 1000 —C Optical micromanipulation techniques
? 6 « EPA‘_E\_ Optical micromanipulation techniques use the transfer of momentum from light to microobjects.
k\;, Botryococcus Chlamydomonassp.  Salmon  Trachydiscus minuts § 800 7 Such a transfer occurs, for example, during light scattering from the microobjects, which is accom-
g 5 S panied by a change of direction of the light propagation. Optical micromanipulations make it
‘5>,‘ 4 600 1 possible to influence the motion of objects of sizes from tens of nanometers to tens of micrometers
kS just by illumination with a laser beam. Optical tweezers represent an optical analogy to the clas-
g 31 4001 sical mechanical manipulation tool, using a single tightly focused laser beam to confine objects in
§ 5 a contactless way. Since the objects are trapped in the vicinity of the beam focus, repositioning of
500 - CH: the focus also causes repositioning of the objects, i.e. their controlled spatial micromanipulation.
1 L,.. Several laser beam foci can be placed simultaneously within the specimen in a controlled way,
therefore enabling simultaneous confinement and controlled micromanipulation with multiple
0 0 50 100 150 200 250 300 350 400 450 01600 1200 1400 1600 1800 objects. This tool is mainly used for manipulation of objects suspended in a liquid medium (living
lodine value Raman shift (cm ) microorganisms or cells in water or appropriate solution, microobjects placed behind transparent
obstacles etc.). Since such small objects can only be observed using optical microscope, both
techniques are often combined.
The degree of unsaturation of I Can estimate the degree of unsaturation of the constituent fatty acids Examples of optical micromanipulation application in ALISI and ISI:
the constituent fatty acids can be in microorganisms (e.g. algae) and in fish oil. I In cooperation with Meopta-Optika s.r.o. we have developed a compact version of optical
quantified by the iodine value I Raman spectra can serve for identification of cells in oncological applications (e.g. diagnostics tweezers adapter which is inserted between the microscope and lens and containing an inte-
frequently used in food and for early recognition of cancerous cells in-vivo and in-vitro) and identification of cells invaded grated laser diode or optical fibre connector (http://www.meopta.com/en/nanotechnology-
chemical industry. lodine value by viral infections. 1404042150.html). Optical micromanipulation is therefore possible without disturbing the
can be estimated using the cali- I Non-destructive analysis in the pharmaceutical industry (e.g. on-line characterization of tablets) optical path of the microscope.
bration curve employing the and production of chemical maps of different surfaces or identification of nano-structures are I We have combined optical tweezers with several optical spectroscopic techniques (e.g. Raman
ratio of the characteristic peaks possible. microspectroscopy, fluorescent spectroscopy) to enable contactless and non-destructive
in the Raman spectra (here for I Raman spectroscopy can be combined with optical tweezers to form so-called Raman tweezers. characterization of the trapped microobjects.
the three algal and one fish This powerful combination can be used for identification and sorting of microorganisms freely I Highly promising is the combination of optical micromanipulation techniques with micro-
species). It can be seen that the moving in liquids. fluidic systems (lab-on-a-chip) that can serve, for example, for the study of stress at the level
highest iodine value is for Eicos- of individual cells followed by gentle and contactless cell sorting.
apentaenoic acid (EPA) which
belongs to the family of omega- Contact: Dr. Ota Samek I e-mail: osamek@isibrno.cz | phone: +420 541 514 127
. TI-1R . - . Example of the microfluidic
3 fatty acids. Detailed information: http://www.isibrno.cz/omitec

structure of cultivation
microchambres with living
yeast cells. The side chambers
are occupied by non-stressed
cells that divide, and

a non-dividing stressed cell is
placed in the middle chamber.
The cells were positioned in

Optical microscope images the chambers by the optical

of algal cells tweezers.
(Trachydiscus minutus)
grown in different lighting
intensities. Green bodies are
developed chromatophores.
Yellow droplets are lipid
bodies containing carotenes.
We can monitor the

quality of lipids droplets

using Raman spectroscopy.

Scalebar: 5 um.
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Lasers focused on the macro- and micro-world

An example of sorting algal cells

I In addition to tightly focused beams there are also other configurations of laser beams for
regular microobject confinement and arrangement in the space or on the surface (so called
colloidal crystals).

I lllumination of moving microobjects influences their motion and can cause rectification of their
stochastic motion leading to optical sorting of different suspension components (e.g. different
types of cells).

by optical tweezers combined

with Raman microspectroscopy

and microfluidic systems.

Algal cells flow leftwards

through the microfluidic channel

(figure A) and are detected

by an image analysis in the area An example of optical separa-

of interest (green frame). tion of components of hetero-
The cell indicated by the white geneous suspension made

of polystyrene particles of sizes

800 nm and 1587 nm.

arrow is selected for analysis
(red frame), transported

to the place of the excitation
of Raman spectrum (blue circle

in figure B) by the steerable

beam of the laser tweezers. Examples of applications of laser beams focused down to micrometer spots:

I The significant increase of the laser beam intensity near its focus initiates photopolymeri-
zation - a chemical reaction that solidifies the liquid monomer into a solid polymer. Complex
microstructures can be created by controlled positioning of the focused laser beam within the
monomer solution.

I Focused pulsed laser beams of suitable wavelength offer many opportunities of employing
their destructive effects (microablation) to volume or surface modifications of objects including,
for example, intervention inside living cells.

The control software automati-
cally records and analyses

the Raman spectrum and
repositions the analyzed cell

to the streamline dragging

the cell to the waste channel
(figure C) or to the channel

for the selected cells (figure D,

green circle).
Contact: Prof. Pavel Zemanek I e-mail: zemanek@isibrno.cz I phone: +420 541 514 202

Detailed information: http://www.isibrno.cz/omitec

Example of 3D manipulation Example of microstructures

inside transparent (living) created by photopolymerization.

objects. Narrow hollow fibres have

A small crystallite is optically awall thickness of 2 micrometers

trapped inside living Amoeba. and their length reaches several

Despite movement of the centimetres. Columns A and B

whole sample and cytoplas- compare shapes and dimensions

mic streaming, the crystallite of opposite ends of the fibres

is spatially fixed. separated by several centimetres.

10 um

5um
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The Special Technologies team is engaged in:

I Research and development of technologies and equipment necessary e.g. for building electron
microscopes working with high or ultrahigh vacuum. The most important of these technologies
are electron beam welding, vacuum brazing, the design and manufacture of vacuum feed-
throughs, etc.

I Magnetron sputtering of thin layers such as Al, Si, Mo, Ti, Ni, Ag, C, ITO, Nb, W, TiN, SizN4, SiO»,
and their combinations. The team also managed the preparation of multi-layer systems for X-ray
optics, consisting of nanometer double-layers with total thickness of tenths of a micrometer,
with accuracy to tenths of a nanometer.

I Deposition of abrasion-resistant layers like carbon, carbon-nitride, nano-structured multi-layers
and carbon-based nano-composites.

I Testing of hard abrasion-resistant layers by a dynamic impact tester (we are one of only two
facilities in the Czech Republic that possess this instrument).

Electron beam welding

Electron beam welding is a fusion joining method that applies an electron beam for local heating.
At the point of impact, the kinetic energy of electrons, ranging from 30 to 200 keV, is transferred into
heat which rapidly warms any material to its melting point. The process takes place in a high vacuum
(pressure 10-2to 10-3 Pa), most often without additional material. Thanks to very high power con-
centration, the focused beam penetrates rapidly into the metal, producing a deep and narrow
weld. As a result of the clean, high vacuum atmosphere, even highly reactive metals like titanium
or zirconium can be welded. Due to high vapor pressure at the melting temperature, some metals
like Zn, Cd or Mg, cannot be welded in vacuum. Despite high acquisition costs, electron beam
welders are widely used today, particularly in the nuclear, cosmic, aviation and automobile
industries.

The main advantages of electron beam welding include:

I “Knife” form of the weld with a depth to width ratio of up to 25:1, resulting in minimal defor-
mations and thermally affected zone.

I Welding of refractory metals.

I Very deep welds: with enough power in the beam, up to 300 mm in aluminum, or 100 mm deep
welds in stainless steel can be realized.

I High productivity.

I Due to high vacuum working atmosphere, the re-melted zone can be cleaner than the basic
material.

Three electron beam welders are installed at ISI Brno, all designed and manufactured in this institute.

All three are equipped with cylindrical vacuum working chambers and welding manipulators for

rotation and linear movement of the work-piece. The design of all three enables two positions of

the electron gun on the working chamber: either horizontal or vertical. With the gun in the verti-

cal position, the vacuum working chamber can be extended horizontally. Tubes (e.g. 5 meters long)

can then be welded.

The technical parameters of these welders are:

I The oldest, but upgraded equipment ES-2 has a working chamber 600 mm in diameter and
490 mm in length. It is equipped with a 50 kV/1.5 kW electron gun.

I The “desk-top” EB welder SES-1 has a working chamber 235 mm in diameter and 165 mm in
length. It is equipped with a 50 kV/1.5 kW electron gun. Five-meter zirconium tubes have been
welded in the vacuum chamber when extended horizontally.

Electron beam welding
of a stainless steel tube (p. 18).
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The MEBW-60/2-E welder can also be operated in a mode similar to a scanning electron micro-

Improved ES-2 e-beam welder, I Experimental electron beam welder MEBW-60/2-E with a similar working chamber is equipped
scope. In this mode the objects in the vacuum chamber can be, at a magnification of up to about

SES-1 desktop e-beam welder with a 60 kV/2 kW electron gun. The electronic equipment of this welder is completely digitalized
and MEBW-60/2-E experimental and computer controlled. This enables, for example, automatic, pre-programmed welding that 30 times, displayed on the computer monitor, e.g. to inspect the weld before venting the working
micro e-beam welder. is perfectly reproducible. chamber. The welder in this mode can also be used for the precisely localized surface heating

needed for hardening or annealing of thin surface layers.

Applications of electron beam welders at ISI Brno:

I Welding high and ultra-high vacuum components (fittings, valves, etc.).

I Components for nuclear power engineering (e.g. heat exchangers).

I Joining of dissimilar materials (e.g. aluminum to titanium and/or nickel, or silver, copper to
stainless steel, titanium to steel, and many other combinations).

I Welding of refractory metals such as molybdenum or tungsten.

Welding of highly reactive metals such as like titanium or zirconium.

H :
MEBW-60/2-E ’1

Contact: Dr. Martin Zobac I Dr. lvan Vi¢ek 1 e-mail: zobac@isibrno.cz I iv@isibrno.cz

phone: +420 541 514 297
Detailed information: http://ebt.isibrno.cz/en/EBeamWelding

Vacuum brazing and annealing

The Special Technologies team has great experience with vacuum capillary brazing. The most
commonly used solders are silver- or nickel-based alloys, or copper. For soldering metals to brittle
non-metal materials (e.g. quartz), so-called “active’, soft solders are applied.

For these technologies, our institute has at its disposal two vacuum furnaces:

Vacuum furnace PZ 810, manufactured by Tesla Roznov, with the following parameters:

I Maximum batch dimensions: diameter 350 mm, height 490 mm.

I Molybdenum heating and shielding elements, allowing long-term heating up to 1400°C.

I Vacuum 5x102Pa up to 1 Pa, depending on the charge properties and working temperature.
I Maximum speed of temperature increase: 1500°C per hour.

I Time of cooling in high vacuum: about 8 hours.

Renovated PZ 810 vacuum

furnace.

Examples of vacuum components welded by electron beam.

7
W

Examples of vacuum soldering.
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Laboratory vacuum furnace
built at ISI.

Vacuum feedthroughs examples.
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Vacuum furnace of our own design and manufacture suitable for vacuum brazing and annealing of

small-sized components:

I Maximum batch dimensions: 150 mm in diameter, 200 mm in height.

I The vacuum space can be extended upwards (without heating) for welding objects in the hot
zone, if the upper part does not exceed 18 mm (e.g. long tubes to flanges).

I Maximum working temperature: 1100°C.

Contact: Dr. Martin Zobac 1 Dr. lvan Vi¢ek 1 e-mail: zobac@isibrno.cz 1 iv@isibrno.cz
phone: +420 541 514 297
Detailed information: http://ebt.isibrno.cz/en/Soldering

Design and manufacture of feedthroughs

The team of Special technologies realizes research and manufacture of varies types of electric,

vacuum-tight and high- or low- temperatures resistant feedthroughs. The technology is based on

glass-to-metal seals, either with kovar or other metals (pressure-seals).The feedthroughs are

usually welded to flanges or other construction components. To date we have developed the fol-

lowing types:

I One-pin coaxial feedthroughs for working temperatures from -196°C up to +400°C.

I Seven- or twelve-pin feedthroughs for temperatures from —-196°C up to +400°C.

I High-current feedthroughs for temperatures from -60 to +300°C.

I High-pressure feedthroughs for the nuclear industry, with working temperatures from —-60 up
to +300°C.

I Individual, and custom feedthroughs.

Applications of feedthroughs

I Special feedthroughs for various instruments such as electron microscopes, ultrahigh vacuum
devices, etc.

I Nuclear power engineering.

Contact: Dr. Martin Zobac I Dr. lvan Vi¢ek I e-mail: zobac@isibrno.cz 1 iv@isibrno.cz
phone: +420 541 514 297
Detailed information: http://ebt.isibrno.cz/en/Feedthroughs

Thin layers deposited by magnetron sputtering and their dynamic impact
testing

We can deposit thin layers by high-frequency magnetron sputtering in the commercial equipment
LEYBOLD-HERAEUS Z 550, enabling the production of layers in small series or on single substrates
of up to 100 mm in diameter and a thickness of 20 mm. The machine is equipped with three mag-
netrons, each with a @152 mm target. This makes it possible to deposit three different materials in
one evacuation cycle. For special applications (for example ion etching) the substrate can be pre-
heated and electrically charged.

Applications of magnetron sputtering:

I We can deposit multi-layers for EUV and X-ray optics, in combinations of double-layers such as
molybdenum/silicon, nickel/carbon, scandium/silicon and others suitable for wavelength range
from 12 to 50 nm. Maximum reflection at perpendicularimpact is up to 70%.

I For very short wavelengths (less than 4 nm) multi-layer systems cannot be used because the
roughness of the interface causes decreased reflectivity. Nevertheless, the periodical multi-
layers are applicable for inclined rays, providing much higher reflexivity than much thicker
mono-layer deposits.

At present we are one of only two places in Czech Republic where characteristic properties of hard
abrasion-resistant nano-composite and multi-layer deposits can be evaluated by a dynamic impact
tester. During testing the sample surface is impacted periodically by a small wolfram-carbide ball,
imitating a dynamic strain of layer/base system of stamping dies, cutting tools, parts of automobile
motors, etc.

SAMPLE 2227

5000 imp. 10 000 imp.

20 000 imp.

100 imp.

2800 +—

2000 +—

1 10 100 1008 10000 100000
number of impacts

Contact: Dr. Jaroslav Sobota I e-mail: sobota@isibrno.cz I phone: +420 541 514 256
Detailed information: http://ebt.isibrno.cz/en/Sputtering

100 nm_

Muiltilayer coating for x-ray

optics.

Results of the thin layer
dynamic impact test.
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