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PREFACE

The 22"¢ Joint Seminar “Development of Materials Science in Research and Education”
(DMSRE22) will be held in Lednice at Lednice spa during 3-7 September 2012. The first
Joint Seminar in these series was held at Gabcikovo in the Slovak Republic in 1991. DM-
SRE22 is organized by the Czechoslovak Association for Crystal Growth and the Slovak
Expert Group of Solid State Chemistry and Physics under the auspicies of the Institute of
Physics AS CR, Faculty of Chemical and Food Technology SUT Bratislava, and Slovak So-
ciety for Industrial Chemistry.

The Seminar is intended to bring together a unique combination of scientists across a
multidisciplinary spectrum and provides an ideal forum for the presentations and discussi-
ons of recent developments and achievements in all theoretical and experimental aspects of
preparation processes, characterization and applications of materials in bulk, thin film, nano-
crystalline and glassy states.

The scientific sessions cover the following topics of materials science:
e Trends in development of materials research

e Education of materials science at the universities

Information about the research programmes of individual institutions

Information about equipment for preparation and characterisation of materials
Results of materials research

The program will include 5 Keynote lectures (40 minutes): Marian Koman (Slovak Uni-
versity of Technology in Bratislava, Bratislava): Ligand ronicol, which brings together and di-
vides, Ladislav Koudelka (University of Pardubice, Pardubice): Phosphate nad Borophosphate
Glasses: Structure - Properties - Applications, Alexander Kromka (Institute of Physics AS
CR, Praha): Diamond Films Deposited by Oxygen-Enhanced Linear Plasma Chemistry, Jan
Polék (Crytur Turnov, Turnov): Growth of profiled sapphire single-crystals by EFG method,
and Zden€k Poticek (Institute of Physics AS CR, Praha): Luminescence Properties and Ap-
plication of Impurity lon Probes in Perovskite-type Materials. All other contributions will be
presented as short lectur talks (20 minutes). The official languages of the seminar are Czech,
Slovak, and English.

This booklet contains the abstracts of all contributions, which reached us before August 7.
The authors are responsible for the technical and language quality of the contributions.

The conference will run from Monday afternoon, September 3, till Friday noon, Septem-
ber 7 in Lednice spa.

Dear colleague, we welcome you to the DMSRE22 Joint Seminar and we hope you will
enjoy your stay in Lednice spa.

On behalf of the organizers,

Zdenék KoZisek, Karel Nitsch, and Marian Koman






CONTENTS

Program ... .. .. ... 7
ADSEracts ... ... .. 15

PREPARATION AND POTENTIAL APPLICATIONS OF SILVER AND GOLD
NANOPARTICLES . ot ottt ettt ettt et e e e e e e e e e e e e e 17

Zdenék Bures and Miroslav Vicek

ELECTRON PARAMAGNETIC RESONANCE STUDY OF LU, S105 AND Y, S105 SCINTILLA-
TORS DOPED BY CERIUM . ...ttt ittt ittt i 18

Maksym Buryi, Valentyn Laguta, and Martin Nikl

ERBIUM DOPED LITHIUM NIOBATE - STUDY OF ITS LUMINESCENCE PROPERTIES AND
STRUCTURE .« .t ottt et e e e e e e e e e e e e e e e e e e e i 19

Jakub Cajzl, Pavla Nekvindovd, Blanka vaecovci, Anna Mackovd, Petr Malinsky,
Jiri Oswald, Andreas Kolitsch, and Jarmila gpirkovd

THIN FILMS OF LITHIUM NIOBATE PREPARED BY SOL-GEL METHOD................. 20

Martina Chvalovd, Katerina Rubesovd, Vit Jakes, and Pavla Nekvindovd

IRON OXIDE MINERALS DEPOSITED IN THE HUMAN SPLEEN ...........covvineenn... 21

Lubor DIhdri, Roman Boc¢a, Martin Kopdni, and Marcel Miglierini

REGIONAL MATERIALS SCIENCE AND TECHNOLOGY CENTRE IN OSTRAVA ......... 22

Jaromir Drdpala and Miroslav Kursa

INFLUENCE OF HUMIDITY ON VOIDS FORMATION INSIDE THE SOLDER JOINT....... 23
Karel Dusek, Jan Vlach, Michal Brejcha, Lenka Hdjkovd, Pavel Zdk, and Ladislav Pospisil

POROUS III-V SEMICONDUCTORS . . . ..ttt ettt et et e et e eeeee e 24
Jan Grym, DuSan Nohavica, Eduard Hulicius, and Jiri Pangrdc

OPTIMIZATION OF SCINTILLATION PROPERTIES OF EPITAXIAL GARNET FILMS DOPED BY

RARE-EARTH TONS . . ettt ettt et ettt e e e e e et e e et e 25

Martin Hanus, Miroslav Kucera, Zuzana Onderisinovd, Karel Nitsch, Martin Nikl,
and Jiri A. Mares




COMPARISON OF VARIOUS WET CHEMICAL METHODS USED FOR COBALTITE THERMO-
ELECTRICS SYNTHESIS & . oottt ettt et et et e e e e e e e e e e e e e 26

Tomds Hldsek, Katerina RubeSovd, Vit Jakes, David Semidubsky, and Jiri Hejtmdnek

HISTORY AND PRESENCE OF INTERNATIONAL CHEMISTRY OLYMPIAD.............. 27

Petr Holzhauser

EFFECT OF SUCROSE AS A RETARDER ON SOME PHYSICO-CHEMICAL PROPERTIES OF
CEMENT PASTE .« et ottt et e e e e e e e e e e e e e e e e e i 28

Sdrka Hoskovd, Jitka Rollovd, and Gabriela Strnadovd

TRANSPARENT YB:YAG CERAMICS, LAYERED IN SITU COMPOSITES . .. ..o vovvnn... 29
Jan Hostasa

GROWTH RATE ENHANCEMENT AND MORPHOLOGY ENGINEERING OF DIAMOND FILMS

BY ADDING COj OR Nj IN HYDROGEN RICH GAS CHEMISTRY ....cvuvveeennnnnnn... 30

Marina Davydova, Tibor IZdk, Maridn Varga, Oleg Babchenko, and Alexander Kromka

OPTIMIZED SOL-GEL SYNTHESIS OF LINBO3 FOR PLD TARGETS ................... 31

Vit Jakes, Katerina Rubesovd, Martina Chvalovd, Jakub Erben, and Miroslav Jelinek

MODELING OF THERMAL STRESS INDUCED DURING THE DIAMOND-COATING OF AL-
GANGAN HIGH ELECTRON MOBILITY TRANSISTORS .« ot ot oottt ettt e 32

Vit Jirdsek, Tibor IZdk, Oleg Babchenko, Alexander Kromka, and Gabriel Vanko

THE INFLUENCE OF CHLORIDE IONS ON ELECTROCATALYTIC ACTIVITY OF CONDUCTING
POLYMER/PT COMPOSITE . . .ottt e e e e e e e e e e e e e e e 33

Michal Kamradek and Petr Holzhauser

GROWTH OF SAPPHIRE SINGLE-CRYSTAL FIBRES AND THEIR APPLICATIONS......... 34
Martin Klejch, Jan Kubdt, and Jan Poldk

ELECTROSPINNING OF POLYVINYL ALCOHOL FOR APPLICATION IN CIVIL

ENGINEERING . . .o\ttt ittt et it ettt e ettt e e e e e e e e 35

Iveta Klicmanovd

SOLDERABILITY OF CERAMIC MATERIALS . .o o ittt ettt ettt et e e i e 36

Roman Koleridk and Maros Martinkovié

LIGAND RONICOL, WHICH BRINGS TOGETHER AND DIVIDES . ........covvviinnnnn.. 37

Marian Koman and Gregor Ondrejovic




OPTIMIZATION OF THE BOND AND ETCH-BACK SILICON-ON-INSULATOR MANUFACTU-
RING PROCESSES & . ittt et e e e e e e e e e 38

Petr Kostelnik and Jan Sik

DIELECTRIC PROPERTIES OF CALCIUM TITANATE PREPARED BY PLASMA SPRAYING TECH-
NIQUES .« ottt et e e e e e e e e 39

Josef Sedldcek, Pavel Ctibor, and Jiri Kotlan

PHOSPHATE AND BOROPHOSPHATE GLASSES:
STRUCTURE-PROPERTIES-APPLICATION . ..\ ttttit ittt et e e et e e e 40

L. Koudelka, P. Mosner, and I. Rosslerovd

NEW APPROACH TO CRYSTAL NUCLEATION FROM SOLUTION ON ACTIVE CENTERS .. 41

Zdenék KoZisek, Pavel Demo, and Alexei Sveshnikov

POWER-LAW PHOTOLUMINESCENCE DECAY IN QUANTUM DOTS .. ..o vvtieieeenn. 42
Karel Krdl and Miroslav Mensik

STUDY OF TEMPERATURE FIELD MEASUREMENT AT VERTICAL BRIDGMAN METHOD IN
STATIC AND DYNAMIC ARRANGEMENT . .\ttt ettt et e e e e e e e e e e 43

Robert Krdl and Antonin Cihldr

DIAMOND FILMS DEPOSITED BY OXYGEN-ENHANCED LINEAR PLASMA
CHEMISTRY - ettt e e e e e e e e e e e e e e s s, 44

Alexander Kromka, Oleg Babchenko, Tibor IZdk, Marian Varga, Marie Krdtkd,
and Bohuslav Rezek

NONSTOICHIOMETRY AND PHYSICAL PROPERTIES OF GAGETE. .. ......... o ... 45

Viadimir Kucek, Cestmir Drasar, Ludvik Benes, Petr Lostdk, and Milan Vicek

FORMATION OF STRUCTURED NANOPHASES IN HALIDE CRYSTALS . .. oot ve et 46
Jan Kulveit, Pavel Demo, Karel Poldk, Alexey Sveshnikov, and Zdenék KoZisek

SURFACE PLASMON RESONANCE SENSOR USING SPECTRAL INTERFERENCE......... 47

Jiri Lunidcek, Petr Hlubina, Michal Lesnidk, Dalibor Ciprian, and Milena Luridckovd

CURRENT LOADING OF ADHESIVE JOINTS AGED IN ENVIRONMENT WITH HIGH HUMI-

Pavel Mach, Viclav Papez, and David BuSek




SCINTILLATING PROPERTIES OF RARE EARTH ALUMINUM GARNETS ................ 49

Jirt A. Mares, Martin Nikl, Alena Beitlerovd, Miroslav Kucera, Karel Nitsch, Petr Maly,
and Karel BlaZek

ESTIMATION OF GRAIN DEFORMATION OF POLYCRYSTALLINE MATERIALS .......... 50

Maros Martinkovi¢ and Stefan Vdclav

RESONANT AND NON-RESONANT COMPONENTS OF THE RATE OF EXCITED STATE

Miroslav Mensik and Karel Krdl

STRUCTURE AND PROPERTIES OF TEO, CONTAINING BOROPHOSPHATE GLASSES....52

Petr Mosner, Maryna Vorokhta, and Ladislav Koudelka

STUDY ON GLASS TRANSITION TEMPERATURE OF META-PHOSPHATE GLASSES ...... 53

Karel Nitsch, Antonin Cihld¥, Robert Krdl, and Miroslava Rodovd

DETERMINATION OF LARGE ZERO-FIELD SPLITTING PARAMETERS. ................. 54

Blazena Papdnkovd, Michaela Sebovci, and Roman Boca

AFFECT OF CARBON BLACK MODIFICATION ON ELECTRICAL PROPERTIES OF CARBON
BLACK - POLYMER COMPOSITES . ot ottt ettt et e e e e e e e e e e e e 55

Jan Liptdk, Ivana Pilarcikovd, Ondrej Hejna, and Marek Mach

GROWTH OF PROFILED SAPPHIRE SINGLE-CRYSTALS BY EFG METHOD ............. 56
Jan Poldk
DIAMOND STRUCTURES GROWN FROM POLYMER COMPOSITE NANOFIBERS . ......... 57

Stépdn Potocky, Alexander Kromka, Oleg Babchenko, Bohuslav Rezek, Lenka Martinovd,
and Pavel Pokorny

LUMINESCENCE PROPERTIES AND APPLICATION OF IMPURITY ION PROBES
IN PEROVSKITE-TYPE OXIDES . . .t ettt ittt et e e e e e e e e e e e e e e e e 58

Zdenék Potiicek and Zdenék Bryknar

PHOTOLUMINESCENCE AND INFRARED ABSORPTION SPECTROSCOPY OF THE AMINATED
NANOCRYSTALLINE DIAMOND SURFACE . . ottt ettt et et et et e e e e 59

Zdenék Remes, Halyna Kozak, Oleg Babchenko, Egor Ukraintsev, and Alexander Kromka




DSC AND TMDSC STUDIES ON GLASS TRANSITION TEMPERATURE OF ALKALI RARE
EARTH METAPHOSPHATE GLASSES .ttt ettt e e e e e e e e e e 60

Miroslava Rodovd, Jiri BroZek, and Karel Nitsch

INVESTIGATION OF THERMAL BAHAVIOR OF LEAD MOLYBDATE-PHOSPHATE GLASSES
BY VARIOUS THERMOANALYTICAL METHODS . ... ... e 61

Ivana Rosslerovd, Ladislav Koudelka, and Petr Mosner

MATERIAL SCIENCE EDUCATION AT ICT PRAGUE. ..ottt 62

Katerina Rubesovd

PREPARATION AND CHARACTERIZATION OF BIy_xSRxSE3 SINGLE CRYSTALS....... 63

Pavlina Ruleovad, Cestmir Drasar, and Petr Lostdk

ANTIBACTERIAL STUDIES ON NANOCRYSTALLINE DIAMOND THIN FILMS ........... 64

Pavla Ryparovd, Pavel Tesdrek, Oleg Babchenko, Stépdn Potocky, and Alexander Kromka

NANOPARTICLES IN HYDROGENATED SILICON ..ttt tt ettt e et e e e 65
Jiri Stuchlik, The Ha Stuchlikovd, Viadislav Drinek, Zdenék Remes, and Jan Kocka

PRELIMINARY STUDY OF POLYVINYL ALCOHOL NANOTEXTILE PRODUCED
BY ELECTROSPINNING . .« o ettt et et e e e e e e e e e e e e e e e e e e et 66

Alexej Sveshnikov and Iveta Iveta Klicmanovd

EFFECT OF GAMMA IRRADIATION ON PORE-SPACE OF HARDENED CEMENT PASTE ... 67

Vitézslav Vydra, Frantisek Voddk, and Olga Kapickovd

THERMALLY STABLE SEMIMETAL GRAPHITE /N-TYPE ZNO SCHOTTKY CONTACT....68

Roman Yatskiv and Jan Grym

METHODS OF ACCELERATED GROWTH OF TIN WHISKERS . ..ot ot 69
Pavel Zdk, Ivan Kudldcek, and Jan Urbdnek

AUthor INdeX . ... 71

List of Participants ............... ... ... 73






PROGRAM

Monday, 3 September 2012

11:15

14:00

14:10

14:10

14:50

15:10

15:30

15:50

16:15

16:15

16:35

16:55

13:50:

14:10:

15:50:

14:50:

15:10:

15:30:

15:50:

16:15:

17:15:

16:35:

16:55:

17:15:

Registration

Location: Hotel Langue
Opening

Location: Lecture Hall

Monday Session I

v v

Location: Lecture Hall chairperson: Zdenék KoZisek

L. Koudelka:

Phosphate and borophosphate glasses: structure—properties-
application

Petr MoSner:

Structure and properties of TeO, containing borophosphate glasses
Ivana Rosslerova:

Investigation of thermal bahavior of lead molybdate-phosphate glas-
ses by various thermoanalytical methods

Vladimir Kucek:

Nonstoichiometry and physical properties of GaGeTle

Coffee break

Monday Session 1T

Location: Lecture Hall chairperson: Miroslav Kucera

Martin Hanus:

Optimization of scintillation properties of epitaxial garnet films do-
ped by rare-earth ions

Jiff A. Mares:

Scintillating properties of rare earth aluminum garnets

Maksym Buryi:

Electron Paramagnetic Resonance study of LuySiOs5 and Y5SiOs
scintillators doped by cerium



17:15 17:35: Miroslav Mensik:
Resonant and non-resonant components of the rate of excited state
decay
18:00 19:00: Dinner
Tuesday, 4 September 2012
08:40 10:20:  Tuesday Session I
Location: Lecture Hall chairperson: Zdenék KoZisek
08:40 09:20: Marian Koman:
Ligand ronicol, which brings together and divides
09:20 09:40: BlaZena Papéankova:
Determination of large zero-field splitting parameters.
09:40 10:00: Lubor Dlhan:
Iron oxide minerals deposited in the human spleen
10:00 10:20: Maro$ Martinkovic:
Solderability of ceramic materials
10:20 10:45: Coffee break
10:45 11:45:  Tuesday Session II
Location: Lecture Hall chairperson: Petr Mosner
10:45 11:05: Katefina RubeSova:
Thin films of lithium niobate prepared by sol-gel method
11:05 11:25: Vit Jakes:
Optimized sol-gel synthesis of LINbO3 for PLD targets
11:25 11:45: Jakub Cajzl:
Erbium doped lithium niobate - study of its luminescence properties
and structure
12:00 13:00: Lunch



14:00 15:40:  Tuesday Session IIT

Location: Lecture Hall chairperson: BlaZena Papdnkovd
14:00 14:20: Zdenék Kozisek:

New approach to crystal nucleation from solution on active centers
14:20 14:40: Jan Kulveit:

Formation of structured nanophases in halide crystals
14:40 15:00: Karel Nitsch:

Study on glass transition temperature of meta-phosphate glasses
15:00 15:20: Miroslava Rodova:

DSC and TMDSC studies on glass transition temperature of alkali

rare earth metaphosphate glasses
15:20 15:40: Robert Kral:

Study of temperature field measurement at vertical Bridgman method

in static and dynamic arrangement
15:40 16:05: Coffee break
16:05 17:05:  Tuesday Session IV

Location: Lecture Hall chairperson: Maros Martinkovic¢
16:05 16:25:  Jaromir Drapala:

Regional Materials Science and Technology Centre in Ostrava
16:25 16:45: Katefina RubeSova:

Material science education at ICT Prague
16:45 17:05: Petr Holzhauser:

History and Presence of International Chemistry Olympiad
17:05 17:45: CSACG meeting
18:00 19:00: Dinner

Wednesday, S September 2012

08:40 10:20:  Wednesday Session I

Location: Lecture Hall chairperson: Marian Koman
08:40 09:20: Alexander Kromka:

Diamond Films Deposited by Oxygen-Enhanced Linear Plasma
Chemistry



09:20 09:40:  Stpén Potocky:
Diamond structures grown from polymer composite nanofibers
09:40 10:00: Vit Jirasek:
Modeling of thermal stress induced during the diamond-coating of
AlGaNGaN high electron mobility transistors
10:00 10:20: Tibor 1z4k:
Growth rate enhancement and morphology engineering of diamond
films by adding CO; or N, in hydrogen rich gas chemistry
10:20 10:45: Coffee break
Location: Lecture Hall
10:45 11:45: Wednesday Session II
Location: Lecture Hall chairperson: Zdenék Potiicek
10:45 11:05: Karel Krél:
Power-law photoluminescence decay in quantum dots
11:05 11:25: Zdenék Remes:
Photoluminescence and infrared absorption spectroscopy of the ami-
nated nanocrystalline diamond surface
11:25 11:45: Pavla Ryparova:
Antibacterial studies on nanocrystalline diamond thin films
12:00 13:00: Lunch
14:00 18:00: Joint Meeting
18:30 22:00: Conferencde Dinner and Night Discussion
Location: Winevault
Thursday, 6 September 2012
08:40 10:20:  Thursday Session I
Location: Lecture Hall chairperson: Jaromir Drdpala
08:40 09:20: Jan Pol4k:
Growth of profiled sapphire single-crystals by EFG method
09:20 09:40: Martin Klejch:

10

Growth of sapphire single-crystal fibres and their applications



09:40

10:00

10:20

10:45

10:45

11:05

11:25

12:00

14:00

14:00

14:20

14:40

15:00

15:20

15:40

10:00:

10:20:

10:45:

11:45:

11:05:

11:25:

11:45:

13:00:

15:40:

14:20:

14:40:

15:00:

15:20:

15:40:

16:05:

Zdenék Bures:

Preparation and potential applications of silver and gold nanopar-
ticles

Jan Hostasa:
Transparent Yb:YAG ceramics, layered in situ composites

Coffee break

Thursday Session II

v oz v

Location: Lecture Hall chairperson: Jiri Luridcek

Roman Yatskiv:

Thermally stable semimetal graphite /n-type ZnO Schottky contact
Jan Grym:

Porous III-V semiconductors

Petr Kostelnik:

Optimization of the bond and etch-back silicon-on-insulator manu-
facturing processes

Lunch

Thursday Session I11

Location: Lecture Hall chairperson: Lubor Dlhdri

Jifi Kotlan:

Dielectric properties of calcium titanate prepared by plasma spray-
ing techniques

Karel Dusek:

Influence of Humidity on Voids Formation Inside the Solder Joint
Pavel Mach:

Current Loading of Adhesive Joints Aged in Environment with High
Humidity

Ivana Pilar¢ikova:

Affect of Carbon Black Modification on Electrical Properties of Car-
bon Black - Polymer Composites

Pavel Zak:

Methods of Accelerated Growth of Tin Whiskers

Coffee break

11



16:05

16:05

16:25

16:45

17:05

18:00

17:25:

16:25:

16:45:

17:05:

17:25:

19:00:

Thursday Session IV

Location: Lecture Hall chairperson: Jiri A. Mares

Alexej Sveshnikov:

Preliminary study of polyvinyl alcohol nanotextile produced by
electrospinning

Iveta Klicmanova:

Electrospinning of polyvinyl alcohol for application in civil enginee-
ring

Vitézslav Vydra:

Effect of gamma irradiation on pore-space of hardened cement paste
Sérka Hogkova:

Effect of sucrose as a retarder on some physico-chemical properties
of cement paste

Dinner

Friday, 7 September 2012

08:40

08:40

09:20

09:40

10:00

10:20

12

10:20:

09:20:

09:40:

10:00:

10:20:

10:45:

Friday Session I

Vv

Location: Lecture Hall chairperson: Zdenék KoZisek

Zdenék Pottcek:

Luminescence Properties and Application of Impurity Ion Probes in
Perovskite-type Oxides

Jifi Lunacek:

Surface plasmon resonance sensor using spectral interference
Michal Kamradek:

The Influence of Chloride lons on Electrocatalytic Activity of Con-
ducting Polymer/Pt Composite

Tomas Hlasek:

Comparison of various wet chemical methods used for cobaltite ther-
moelectrics synthesis

Coffee break
Location: Lecture Hall



10:45

10:45

11:05

11:25

11:45

12:05

11:45:

11:05:

11:25:

11:45:

11:55:

13:05:

Friday Session II

vy

Location: Lecture Hall

Maro$ Martinkovic:

Estimation of grain deformation of polycrystalline materials
Pavlina Ruleova:

Preparation and characterization of Biy_SrySez Single Crystals
Jif{ Stuchlik:

Nanoparticles in hydrogenated silicon

Closing

Location: Lecture Hall

Lunch

chairperson: Zdenék KoZisek

13



14



ABSTRACTS

15



16



Development of Materials Science in Research and Education, 3-7 September 2012, Lednice

Preparation and potential applications of silver and gold nanoparticles
Zdenék Bures§ and Miroslav Vicek

Department of General and Inorganic Chemistry, Faculty of Chemical Technology,
University of Pardubice, Studentskd 573, 532 10 Pardubice, Czech Republic

Silver and gold nanoparticles can have multiple applications in electrochemistry, spectro-
scopy, surface enhanced Raman scattering, medicine, biosensing as probes for the detection
proteins and DNA molecules, sequence analysis, catalysis, as well as antistatic and antibacte-
rial materials, etc., due to their unique physical and chemical properties. Nanoscale particles,
since they have large surface areas, can easily agglomerate to form either small clusters or
larger particles to minimize the total surface or interfacial energy of the whole system.Van
der Waals attractive forces which tend to minimize the total surface energy of the system are
responsible for agglomeration of fine particles. It is necessary to ensure repulsive interparticle
forces to prevent the agglomeration of these particles. The waterbased methods are the most
frequently used for preparation of silver (AgNPs) and gold nanoparticles (AuNPs). Various
polymers, surfactants, and coordinative ligands, which are able to protect the nanoparticles
from their agglomeration, to acquire highly stable and well-dispersed nanodispersed metals,
are mainly used as stabilizers in waterbased methods.

In this investigation various reduction methods were used for preparation nanodispersed
metal nanoparticles especially silver (AgNPs) and gold nanoparticles (AuNPs). Method using
sodiumborohydride Na[BH4] and glucose as a reducing agents was found as a suitable me-
thod for AgNPs preparation. Method starting from H[AuCly] which is reduced by ascorbic
acid was successively applied for synthesis of long term stabil colloidal AuNPs.

This work was supported by the grant P204/11/0832 from the Czech Science Foundation
and by the grant 0021627501 from the Czech Ministry of Education, Youth and Sports.

17



Development of Materials Science in Research and Education, 3-7 September 2012, Lednice

Electron Paramagnetic Resonance study of Lu,SiOs5 and Y,SiOs
scintillators doped by cerium

Maksym Buryil’ 2, Valentyn Laguta1 , and Martin Nik1!

! nstitute of Physics AS CR, Cukrovarnickd 10/112, 162 00 Praha 6, Czech Republic

2Czech Technical University in Prague, Faculty of Nuclear Sciences and Physical
Engineering, Brehovd 7, 115 19, Praha 1, Czech Republic

Trivalent cerium ions act as effective luminescent centers in Lu,SiO5:Ce (LSO:Ce) and
Y,S105:Ce (YSO:Ce) scintillating crystals. These materials satisfy the requirements for ga-
mma rays detection. They possess high density, high light yield (about 26000 ph/MeV), short
decay time (about 40 ns) and find application in positron emission tomography. It is essential
to get better understanding of Ce3* distribution inside the dielectric matrix of YSO/LSO and
its properties. Ce3* substitutes for two lutetium (yttrium) sites: the first site Cel is surroun-
ded by seven oxygen ligands and the second Cell by six oxygen ligands. Besides, each site
contains two magnetically inequivalent Ce3* positions.

The aim of the present work was to study the cerium distribution in YSO/LSO crystals
and to determine spectroscopic parameters of Ce3+ ions by means of EPR.

Single crystals of LuySiO5: 0.044 mol.% Ce and Y,SiOs5: 0.043 mol.% Ce were grown
by the Czochralski method using the iridium crucible in argon atmosphere. YSO/LSO crys-
tallize in monoclinic structure, space group C2/c. Crystals were cut in three orthogonal planes
(a*b), (bc) and (a*c). The axis a* was deflected from the crystallographic axis a by the angle
of 32 deg. Some measurements were also performed with powders. The spectra were acqui-
red on Bruker X/Q-band E580 FT/CW ELEXSYS spectrometer at microwave frequency 9.5
GHz and at temperatures 5-15 K. Powder spectra were measured by using the echo detec-
ted field-swept EPR. Angular dependencies of Ce* spectra were measured by conventional
continuous wave EPR.

Ce3* ion has electron spin S=1/2. Therefore only three g-tensor parameters are requi-
red in order to describe its EPR spectrum. Due to the low symmetry of Ce>* positions in
the lattice (C1), correct principal g-factors could be obtained solely from powder spectra.
From the fitting of Cel powder spectra, the following g-factors were determined: (i) LSO:
21=0.561, 2,=1.685, g3=2.238; (i1) YSO: g1=0.545, g,=1.609, g3=2.319. Proper orientations
of g-tensor principal axes with respect to the crystallographic directions for each inequivalent
position of Ce3* in lattice were determined from angular variations of the resonance lines
measured in three crystallographic planes. The population of two Ce sites was calculated
from the integral intensities of corresponding EPR lines. In particular, in LSO the population
of Cell is only 3%.

The authors greatfully acknowledge the support from the Czech Project GACR
P204/12/0805, SAFMAT (CZ.2.16/3.1.00/22132) and SGS10/297/OHK4/3T/14.
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Nowadays, there are available various laser-active ion doped materials. These materials are of
great attention in photonics and optoelectronics because they have high potential in the future
branch of optical communications systems. Single- and poly-crystalline materials are often
doped with rare-earth ions for the purposes of various applications in optics and photonics.
Among other materials, lithium niobate doped with erbium (Er:LiNbO3) is unique due to its
combination of special properties which makes it possible for simultaneous modulation and
amplification of light (with wavelength around 1.5 pm).

This work is focused mainly on the relationship between fabrication techniques of thin
erbium doped layers and the luminescence properties in the area around 1.5 pm, where the
position of erbium in the crystal is a key factor. Various techniques were used for the erbium
doping of LiNbO3, i.e. erbium ion implantation, thermal diffusion of erbium from metal (Er)
and oxide (Er,O3) layer, erbium doping from the melt at different temperatures, and electric
field-assisted erbium doping from melt. Because lithium niobate is a crystal material there
is also an importance in orientation of the structure, so due to that experiments were done
with different crystallographic cuts. The focus was also placed on the study of subsequent
annealing process of the doped samples at the different temperatures. Prepared samples were
measured for the erbium concentration depth profiles (RBS method), luminescence properties
in the region from 1440 to 1600 nm, lithium depletion in the surface area (NDP method), and
the degree of ordering of the structure (RBS/Channeling). The prepared samples contains
from 1 to 24 at. % of erbium in the depth ranging from 100 nm to 1 um depending on
the used technology of preparation. Overall, the results showed strong relationship between
luminescence and the degree of ordering of the crystal structure that surrounds erbium ions.
This relationship is substantially influenced by the selected erbium doping technology as well
as by the post-doping annealing. For the complete understanding of the position of erbium
in the LiNbOj structure, the theoretical model of Er:LiNbOj3 structure and the computer
geometry optimizations were done.

This work was supported by the Grant No. P106/10/1477
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Lithium niobate thin films doped by f-elements are widely used in waveguiding tech-
nologies. The films are produced by various methods — e.g. an ion implantation to a mo-
nocrystalline substrate, a pulsed laser deposition or a sol-gel technique. The sol-gel prepa-
ration of doped lithium niobate mainly uses alkoxide solutions. The metal alkoxides derived
from primary lower alcohols are commercially available; however, they are highly reactive
and water sensitive. Therefore less reactive derivatives must be prepared — e.g. the alkoxi-
des of 2-methoxyethanol. These alkoxides are more stable in time and are less sensitive to
hydrolysis. Their higher stability is caused by lowered polarity of metal-oxygen bond in 2-
methoxyethoxide that moreover plays the role of bidenate ligand and thus spatially hinders
metal centre from hydrolysis.

In this work, we present various syntheses of 2-methoxyethoxides of Li and Nb. Also
alkoxides of Er and Yb were prepared and used at doping with these laser active ions. Precur-
sor solutions were further used for the synthesis of mixed alkoxide LiNb(OCH,CH,OCHj3)g.
The solutions were applied at thin films preparation using dip- or spin-coating techniques.
Li/Nb solutions were coated on sapphire (0001) substrates. Many parameters of coating tech-
niques were optimized — e.g. spin speed, pull-out speed, the volume of spin-coated solution,
the regime of the following thermal treatment etc.

We prepared the monophase polycrystalline thin films of LiNbOj3 oriented according to
the sapphire substrates — i.e. LINbO3 (006) layers. We established dependence of thin film
thickness on deposition parameters and on the number of coatings. Different recrystallization
treatments were compared in order to enhance the microstructure and crystallinity of deposi-
ted films.

This work was financially supported by Czech Science Foundation, the project
No. P106/10/1477.
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Iron oxide minerals deposited in the human spleen
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There is growing information about a pathological biocrystallization of iron oxides in the
human organs like brain and spleen. Several minerals of the nanosize have been detected
so far in extracted and lyophilized tissues: magnetite Fe3O4, maghemite v-Fe,O3, hema-
tite a-Fe,O3 and ferrihydrite SFe,03.9H20. The deposits can be visualized by the scan-
ning/transmission electron microscope and identified by magnetometry and Mdossbauer spe-
ctroscopy. Three samples extracted from the human spleen are under investigation: a refe-
rence sample from the undiagnosed individual (1), a sample with diagnosis for hemosiderosis
(2), and a sample of patient suffering from hereditary spherocytosis (3). The SQUID magne-
tometry proves that all three samples carry a paramagnetic signal but with different extent.
The sample 2 shows paramagnetism, and below the bifurcation point T < 50 K it switches to
an ordered phase. The sample 3 is paramagnetic in the whole temperature range (2 — 300 K);
the field-cooled magnetization and zero-field cooled magnetization experiments show that
the Curie temperature TC lies above the room temperature. As a consequence, the magne-
tic hysteresis exists for 3 even at the room temperature that has been proven experimentally.
Most probably the deposits of magnetite/maghemite are origins of this magnetic behavior.
The Mossbauer spectra at T = 5 K were deconvoluted into a doublet (D) and three sextets
(S1 — S3). The sextet S1 shows parameters close to that identified for hematite. The other
two sextets represent ferrihydrite core and surface Fe atoms. The doublet can be ascribed
to small ferrihydride and/or magnetite particles. It is noteworthy that the sample 3 exhibits
higher deposits of hematite (S1) than the reference 1. On concluding: (i) the TEM photograph
confirms the presence of the magnetite among the iron-oxide deposits; (ii) the magnetometry
confirms the presence of the hysteresis loop even at the room temperature and the magnetic
response different from the ferritin; (ii1) the Mossbauer data are compatible with the presence
of a number of iron-oxide minerals in the samples under study.

This work was supported by the Grant No. VEGA 1/0052/11, APVV 0014-11.
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The objective of the project “Regional Materials Science and Technology Centre (RMSTC)”
is to build a research infrastructure of laboratories and create research teams that will deve-
lop, prepare and optimise the properties of advanced materials and technologies o their pre-
paration for the application sphere. From the viewpoint of material the activities are aimed
at preparation of highly pure materials, special alloys, bio-medical materials, development of
materials for high temperature applications, preparation of materials by progressive powder
metallurgy technologies, preparation of nano-crystalline materials based on non-ferrous me-
tals, their alloys and steels processed by severe plastic deformation. The project solves the
issues of the processes running in the liquid phase, both in steel and in materials based on
non-ferrous metals, in order to improve their structural perfection with impact on the service
properties. In the area of modelling the activities of the RMSTC are focused on the physical
and mathematical modelling of the processes of materials forming, including forging and ap-
plication of the latest research and development findings in the field of technology of forming
of the components. Within solution of research and development activities of the RMSTC the
findings obtained at solution of the research plans are further developed and applied at solu-
tion of the issues that are realisable in the application sphere, and which offer high innovation
potential at solution of specific tasks in practice.

The structure of the RMSTC centre was also subordinated to the envisaged outputs into
the industrial sphere with a strong application potential. Organisational structure of the centre
is divided into five departments:

1. Department of preparation of materials (laboratory of pure metals and technological
laboratory for preparation of special alloys).

2. Department of powder technologies (laboratory of magnetic and ceramic materials,
laboratory of friction composites).

3. Department of forming processes (laboratory of processes of severe plastic deformation,
laboratory of materials with ultra fine-grained structure prepared by forming, labora-
tory of modelling and optimisation of the forming technologies).

4. Department of evaluation of materials properties (laboratory of structural analysis, la-
boratory of mechanical properties, laboratory of chemical analyses, laboratory of sur-
face analysis and corrosion, laboratory of physical properties).

5. Department of experimental verification of technologies and applications (laboratory
for experimental verification of technologies for the production of new materials and
laboratory of modelling of processes in liquid and solid phases).

This work is supported by the Ministry of Education, Youth and Sports, Czech Republic,
the project of OP VaVPI “Regional Materials Science and Technology Centre (RMSTC)”
No. CZ.1.05/2.1.00/01.0040.
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Void is defined such as blow hole in the solder joint. Voids may degrade the mechanical and
conductive properties of the solder joint and thus decrease the reliability [1]. Voids are caused
by the amount of outgassing flux that gets entrapped in the solder joint during reflow [2]. The
outgassing substance is generally produced by the evaporation of the solvent in the solder
paste and the rheological additives in the solder paste that may evaporate in the heating pro-
cess during reflow [3]. The outgassing substance may also be generated by the metallization
of the substrate, component or the solder powder surface during the fluxing reaction in the
reflow process. Previous studies have indicated that the reflow process and the solder mate-
rial are the most significant factors that affect void formation [4]. Article deals with influence
of humidity on voids formation inside the solder joint. Experimental part was carried on tes-
ting samples, where we used three types of solder pastes (Sng,Pb3gAgy, Sngg sAg3Cug 5 and
Sngs 5Ag4Cuy 5), three types of reflow technology (hot air, vapor phase and infra radiation)
and three types of humidity environments. PCB together with SMD resistors, were placed in
three different types of humidity environments (dry - humidity was less than 5%, ambient -
average humidity was around 60 % and humid environment - 100 % humidity) for 500 hours.
After that we took the components from environments and we prepared samples — the sol-
der paste was applied on the solder pads using a screen printing process, components were
placed on PCB and then the solder paste was reflowed. The inspection was made on X-Ray
and following diagnostic was made by image analysis with special software. We evaluate
the number of voids together with their total area of all voids inside each solder joint. Re-
sults indicate that number of voids together with their total area mainly depends on type of
used solder paste. Dependence of used reflow process on voids formation is minor and the
influence of components humidity on voids formation wasn’t observed.

Work was supported by Grant Agency of CTU in Prague, grant No. SGS12/063/OHK3/1T/13

[1] Mohammad Yunus, K. Srihari, J.M. Pitarresi, Anthony Primavera, Effect of voids on the
reliability of BGA/CSP solder joints, Microelectronics Reliability, Volume 43, Issue 12,
December 2003, Pages 2077

[2] Lee NCh, O_Hara. Voiding in BGA. In: Proceeding of Surface Mount International, San
Jose, California, 1995.

[3] ASPANDAIR, R. VOIDS IN SOLDER JOINTS presentace [online], 2005. 42s. [cit. 2012-
06-30]. http://www.smta.org/files/oregon_chapter_presentation0905.pdf

[4] Primavera AA, Strum R, Prasad S, Srihari K. Factors that affect void formation. In: Pro-
ceedings of Surface Mount Technology Association, 1998.
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Porous III-V semiconductors
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Increasing number of papers has been devoted to the preparation of porous III-V semicon-
ductors and their potential applications [1]. On the other hand, epitaxial growth on porous
substrates has been rarely investigated and the results of these investigations are far from
giving deep understanding of the phenomena taking place at the porous substrate/epitaxial
layer interface.

There is a limited number of III-V semiconductor substrates which are available at ac-
ceptable quality and cost. Restriction to lattice-matched systems would greatly limit the
number of applications. Development of vapor phase growth techniques allowed to precisely
control the layer thickness and uniformity on the atomic level. Still, when the critical layer
thickness is exceeded, misfit dislocations are created having negative impact on the perfor-
mance, reliability and lifetime of semiconductor devices [1]. A number of defect engineering
approaches are available to gain control over the generation of defects during heteroepitaxial
growth. One of the approaches consists in the growth on a porous substrate to accommodate
elastic strains at the heteroepitaxial interface [2]. An essential step in successful application
of porous substrates in epitaxial growth is to achieve control over their properties: the surface
roughness, pore size, orientation, density and depth.

We report on the electrochemical preparation of InP, GaAs and GaP porous substrates,
their heat treatment in As rich environment and their overgrowth by metalorganic vapor phase
epitaxy and liquid phase epitaxy. The goal is to demonstrate that porous substrates are capable
of accommodating strain at the interface with lattice mismatched epitaxial layers.

The pore etching was carried out in an electrochemical cell containing a fluoride-iodide
and chloride aqueous electrolytes [3] using a three-electrode configuration. The porous structu-
res before and after the epitaxial growth were characterized by Nomarski differential inter-
ference contrast microscopy (NDICM), scanning electron microscopy (SEM), atomic force
microscopy (AFM), low temperature photoluminescence (PL), x-ray diffraction (XRD) and
transmission electron microscopy (TEM).

This work was supported by the projects P108/10/0253 of the Czech Science Foundation,
COST LD12014 of the Ministry of Education CR and EC Mobility 7AMBI12GR034.

[1] H. Foll, J. Carstensen, S. Frey, J. Nanomater. 2006, 1-10 (2006).
[2] S. Mahajan, Acta Mater. 48, 137-149 (2000)
[3] S. Luryi, E. Suhir, Appl. Phys. Lett. 49, 140-142 (1986)
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Scintillators are unique systems for detection of high energy particles and photons. Rare-earth
doped aluminum garnets are considered perspective scintillators. They have high density, fast
scintillation response, high quantum efficiency and good chemical and mechanical stability.
Thin cerium doped aluminum garnet films are promising especially for X-ray imaging and
scintillation screens with micrometer resolution [1] but these materials can be also used for
luminescent illumination (fluorescent lamps, white LEDs [2]). In this work we studied single
crystalline rare-earth doped garnet films prepared by isothermal liquid phase epitaxy (LPE).
The films were grown from the flux onto various substrates, such as lutetium (LuAG), yttrium
(YAG) aluminum garnet and gadolinium gallium garnet (GGG). The films were grown from
the flux at temperatures around 1000 °C. The rare-earth doped garnet films prepared from the
PbO-B,03 flux exhibit good optical, emission, structural, and surface properties. The major
drawbacks of the PbO flux are divalent and tetravalent Pb and Pt impurity ions, which come
from the flux and cannot be eliminated and which can evoke energy loss due to nonradiative
transitions [3]. We have recently demonstrated that the Ce-doped garnet films prepared from
the lead-free BaO-BaF,-B,03 flux exhibit excellent optical and emission properties compa-
rable to the Czochralski grown bulk crystals [4]. However, the epitaxial films grown from
this flux were sensitive to stress produced by the viscous BaO flux remaining on the sample
surface and the films with large lattice mismatch were difficult to grow. In this work our atten-
tion was focused on the study of multicomponent Ce3+-d0ped (Y3.xGdx)(Als_y_,GaySc,)O01
garnet systems, where x, y =0 -5, z=0 - 2. The aim of this research was the study of Gd,
Ga and Sc substitution on the emission and scintillation properties aluminum garnets. Opti-
cal, luminescent, radioluminescent, and scintillation characteristics of films were measured
by the methods of time-resolved emission spectroscopy. The structure and chemical com-
position was measured by the X-ray diffraction and electron probe microanalysis techniques,
respectively. Detailed discussion and summary of emission and scintillation properties of
epitaxial films and comparison with bulk single crystals will be presented.

This work was supported from the Czech Science Foundation, P204/12/0805, and by the
grant SVV-2012-265306

[1] P. Horodysky, J. Tous, K. Blazek et al., Rad. Meas. 45 (2010) 628.
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[3] M. Nikl, Phys. Status Solidi (a) 202 (2005) 201.

[4] M Kucera, K Nitsch, M Nikl, M Hanus, S Danis: J.Crystal Growth 312 (2010) 1538.
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The figure of merit for thermoelectrics is defined as dimensionless ZT SZT/\o. From this
perspective, the optimal combination of electrical and thermal conductivity and Seebeck coef-
ficient corresponds to semiconductors. Thermoelectric materials such as Bi-based alloys, lead
telluride or Si-Ge alloys are already commercially used in thermoelectric power generation
and refrigeration. However, other materials are synthetized, as well, with aim to enhance
thermoelectric performance. For example, so-called “phonon glasses-electronic crystals” (eg
skutteridites - CoSbs, clathrates - NaxSi;3¢) are materials with lowered thermal conductivity.

Oxide materials are in the spotlight of researchers due to their low toxicity, stability up
to high temperatures and also low price. The oxides do not reach as high figure of merit
as alloys materials but they have large perspectives. Besides doped ZnO or layered hybrid
oxides (eg doped Sry ;1 TinOx), misfit cobalt oxides with general formula [MmA20m+2]xR'S'
[CoOz]yHEX' are developed. Apart from the “mother” phase NaxCoO,, CazCoz 9505 (CaCo-
34) and BipSryCo; gOx (Bi-222) phases are the most studied.

In this contribution, we present comparison of various water based sol-gel methods for
CaCo-34 and Bi-222 thermoelectrics preparation. In the Bi-222 case, Bi>* behavior in wa-
ter solution (easy hydrolysis) had to be taken into account at sol-gel system selection. We
compare the sol-gel prepared samples with the samples synthetized using solid state process.
Various gel decomposition atmospheres and thermal regimes were applied; the phase com-
position and grain size of precursors was established. The decomposition of gels under nitro-
gen (during which amorphous carbon matrix is formed) and subsequent annealing in oxygen
produces much smaller grains of precursors. The temperature dependence of electrical resis-
tivity, thermal conductivity and Seebeck coefficient was measured. The calculated figure of
merit and the bulk density of the final samples were compared for all sol-gel methods used.

This works was financially supported by Czech Science Foundation, the Project
No. 203/09/1036.
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The idea to organize international competition was born in 1968 in former Czechoslovakia.
Only three countries — former Czechoslovakia, Poland and Hungary — had participated. Till
nowadays the International Chemistry Olympiad (IChO) has grown to monumental dimensi-
ons. In 2011 about 273 competitors from 70 countries have participated on the 43 [ChO in
Ankara.

In the Czech Republic the students for the national representation are selected on the base
of National round of Chemistry Olympiad (January) and two preparatory seminars. The best
16 students from national round are invited for one-week theoretical seminar (traditionally
organized in March at ICT Prague), where they have theoretical lectures and tests themati-
cally based on preparatory tasks provided by the host country. The best 8 students (results
from both national round and theoretical seminar) are invited for another one-week practical
seminar (traditionally organized in April at Charles University, Faculty of Natural Sciences),
where students work in laboratory on practical problems (also mainly preparatory tasks). Fi-
nally the best 4 students (averaged results from all three events) are selected to represent the
Czech Republic at IChO.

The IChO goes ahead in July in different countries (in 2012 the 44th- IChO takes place
July 21 — 30 in Washington DC at University of Maryland). The national team consists of
4 students and 2 mentors. The mentors’ most important role is the careful translation of
competition tasks to national language, communication with international Jury and arbitration
of the points assignment. The Czech team is traditionally successful, from the origination of
the Czech Republic students were awarded by 27 bronze, 23 silver and 11 gold medals.

This work supports the grant of The Ministry of Education, Youth and Sports “Podpora
soutéZi a prehlidek v zdjmovém vzdéldvdni pro Skolni rok 2011/2012”.

[1] http://en.wikipedia.org/wiki/International Chemistry_Olympiad
[2] http://www.icho43.metu.edu.tr
[3] http://www.icho2012.org
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Chemical admixtures are used to alter of the concrete properties for many years. The most im-
portant admixtures are accelerators and retarders, compounds that accelerate or retard setting
or hardening, to decrease the water quantity needed to obtain a given degree of workability,
or to entrain in order to increase the resistance of the concrete from freezing.

The effect of retarding admixtures on the hydration of Portland cement has been ex-
tensively studied. Several theories have been proposed to explain how admixtures affect the
hydration clinker compounds. These can be conveniently summarized as adsorption, precipi-
tation, complexation a nucleation. This problem is very complex.

Many organic compounds have the properties of retarder-saccharides, hydroxycarboxylic
acids, lignosulfonates are examples. They effect in low concentrations. Most of them contain
one or more groups in which oxygen atoms are attached to adjacent carbon atoms, such as
HO=C-C=0, or otherwise able to approach each other closely. Adsorption on either a clinker
phase or hydration product might cause retardation, in the latter case through interfering with
growth.

The effect of sucrose on the early hydration of Portland cement paste by determining
of Ca2+ ions, calorimetry and differential thermal analysis (DTA) has been studied in this
contribution. Compressive strengths of samples in the presence of different concentration of
sucrose at 3, 7, 14, 28 and 90 days were determined.

The concentration of free Ca2+ ions in hydrated cement paste during the first two hours
of cement hydration for cement paste and heat of hydration by SETARAM calorimeter at
30°C in the presence and absence of sucrose as a retarder was measured. The resulting curves
for both measurement methods show a significant difference, which is slowing down the
cement hydration reaction by adding sucrose. DTA and compressive strengths curves also are
changed considerably in presence sucrose.

This work was supported by the Grant No. SGS12/103/OHK1/2T/11
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Transparent YAG (yttrium aluminum garnet) ceramics doped with rare earth ions are inte-
resting above all for applications in solid-state lasers, when doped with ions such as Nd3*,
Yb3* or Er¥*. Yb:YAG allows significantly high dopant concentrations thanks to the similar
size of Y3* and Yb3* ions; its simple electron structure, low thermal loading, and the possi-
bility of pumping by InGaAs laser diodes makes Yb:YAG an ideal active laser material for
high power applications. Recent development of high power solid-state lasers requires also
more specific and complicated architectures, such as layered structures with varying dopant
concentration for better thermal management and thermal lensing control and applications
like thin-disk lasers. This work reports on the feasibility of fabrication of architectures with
controlled Yb content via subsequent uniaxial pressing, followed by cold isostatic pressing
and solid state reaction sintering in high vacuum with TEOS as sintering additive. Samples
of undoped YAG and 5 and 10 at.% Yb:YAG were prepared and characterized. Further, the
fabrication of a transparent ceramic sample with layers of undoped and 10 at.% Yb-doped
YAG is shown. Contrary to single crystal processing, where fabrication of such composite
materials would require bonding of separately grown crystals, ceramic processing allows in
situ fabrication.

Financial support from specific university research (MSMT No 21/2012) is gratefully
acknowledged.
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films by adding CO; or N, in hydrogen rich gas chemistry
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Institute of Physics AS CR, Cukrovarnicka 10, 162 00 Praha 6, Czech Republic

Synthetic diamond film is very promising material for many applications in tribology, electro-
nics, biotechnology or bioelectronics. These applications are determined not only by their
intrinsic properties (high hardness, high thermal conductivity, chemical stability, biocompati-
bility, etc.) but also by chemical purity and morphology. Crystallographic morphology, espe-
cially nano- or micro-sized dimension of crystal, strongly influences electrical properties and
consequently the suitability to realize final electronic devices (sensors, electron emission or
high power devices, etc). In some case, the fabrication of such device requires larger thickness
(up to 5-10 pm) which usually require long time deposition (17 h). Thus, the main technolo-
gical demand is enhancing the growth rate which reduces not only the process time but also
production cost. Furthermore, shorter deposition process is more favourable for microelectro-
nic industry to minimize temperature sensitive processes (diffusion of atoms, cracking, stress
evolution, etc.).

In this study, we demonstrate significant enhancement of the diamond growth rate by
addition of carbon dioxide (CO,) and/or nitrogen (N,) to the hydrogen rich gas mixture
(CH4+H>5). Diamond films and/or structures were grown by microwave plasma enhanced
chemical vapor deposition system with ellipsoidal cavity resonator. Surface morphology of
diamond films was analysed by Scanning Electron Microscopy. The chemical composition,
1.e. presence of sp3 (diamond) and sp2 (non-diamond phases) bonded carbon was determined
from Raman measurements provided at two different excitation wavelengths of 325 nm and
442 nm, respectively. We observed that increasing of CHy concentration in the gas mixture
up to 8% resulted in increased growth rates (up to 900 nm/ h) almost linearly. This is due to
the higher density of CHj3 radicals, which are known as a dominant precursor for diamond
growth.

Unfortunately, diamond film quality decreased due to the dominance of sp2 carbon pha-
ses, as confirmed by Raman measurements. We found that increasing of CH4 concentration
increased also spontaneous nucleation. Adding of Ny and CO; into CH4/H, gas mixture
enhanced growth rates. Nitrogen shifts the growth from micro- to nanocrystalline character.
At methane concentration of 5% CHy, nitrogen further shifts the growth in formation of di-
amond nanowire structures. Adding of CO, to the gas mixture improved the film quality.
Thus, higher methane concentration should be used at keeping good enough film quality. The
extended region of diamond formation in Bachmann ternary diagram as well as the changes
in plasma chemistry and growth kinetics will be discussed too.

This work was supported by the grant PO8/12/G108 (GACR Excellence Center). We would
like to gratefully appreciate thanks to J. Potmesil and O. Rezek for the technical assistance.
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Optimized sol-gel synthesis of LiNbO; for PLD targets
Vit Jakes! , Katefina Rubegova! , Martina Chvalova! , Jakub Erben! , and Miroslav J elinek?

! Department of Inorganic Chemistry, Institute of Chemical Technology Prague, Technickd 5,
Praha 6, Czech Republic

2Department of Applied Optics, Institute of Physics AS CR, v. v. i., Na Slovance 2, 182 21
Prague 8, Czech Republic

The optical properties and possibility of their tuning by doping make lithium niobate one of
the promising materials for possible photonic applications nowadays. Its use is not limited
only to bulk, thin layers have been widely studied as well. We use pulsed laser deposition
(PLD) technique for thin films preparation. In this method, it is essential for the target to have
the maximal bulk density possible.

We tested the precursor powders prepared by sol-gel method — Pechini polyesterification
using citric acid and ethyleneglycol as organic matrix components. The prepared precur-
sors were decomposed afterwards using various temperatures (800, 600 and 400 °C) and
atmospheres (air, Np/O,). Out of several combinations tested, the decomposition at 800 °C in
nitrogen followed by oxidation at 400 °C in oxygen was found to be the best way to achieve
minimal particle size of powder precursor resulting in denser targets, a prerequisite for the
successful deposition of thin layers via PLD.

This optimized process was used for preparation of four targets of different composition:
pure LiNbO3, LiINbO3 doped with Er3* jons (1 and 3 % w/w) and LiNbO3 co-doped with
Er3* and Yb3* ions (0.5 % wlw each cation). Each target contained 10 % w/w of Li+ ions in
excess due to lithium losses during the PLD processing. The phase composition, thickness,
roughness and optical properties of prepared layers were measured. In comparison to layers
deposited from commercially available monocrystalline target, the layers prepared from our
polycrystalline targets showed better characteristics.

This work was financially supported by the Czech Science Foundation as the project
No. P106/10/1477.
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Modeling of thermal stress induced during the diamond-coating of
AlGaNGaN high electron mobility transistors

Vit] irésekl, Tibor 174k! , Oleg Babchenko! , Alexander Kromka! , and Gabriel Vanko?

! nstitute of Physics AS CR, Cukrovarnickd 10, Praha, Czech Republic

2 Institute of Electrical Engineering SAV, Diibravskd cesta 9, 841 04 Bratislava, Slovak
Republic

A thermally-induced stress during the microwave-plasma-enhanced chemical vapor deposi-
tion of a thin nanocrystalline diamond (NCD) films on GaN/AlGaN heterostructures and their
subsequent cooling off was simulated in the CFD-ACE+ software. The samples intended to
use in HEMT (High Electron Mobility Transistor) devices were prepared by two different
methods: (a) continuous diamond film deposition followed by selective etching and (b) the
selective growth of patterned diamond films. The finite-element method on the axisymmetric
geometry was used to calculate the thermal deformations of these two types of samples. The
qualitative dependencies of the deformations on the diamond film thickness and the substrate
material were found. The lowest stresses were found on the Si substrate, thanks to its lowest
thermal expansion. The simulation results of the structure with continuous and selectively-
grown patterned film were compared.

This work occurred in frame of the LNSM infrastructure and was also supported by the
project of the National Science Foundation under the No. P108/12/G108.
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The Influence of Chloride Ions on Electrocatalytic Activity of
Conducting Polymer/Pt Composite

Michal Kamradek and Petr Holzhauser

Institute of Chemical Technology, Prague, Czech Republic

Conducting polymer/Pt (CP/Pt) composites found significant application in the field of fuel
cells where they are considered to be an alternative electrode material. Platinum serves as an
electrocatalyst and poisoning of its surface can lead to decrease of the fuel cell efficiency.
Despite the chloride ions sorption on platinum surface is well known effect, practically only
the chlorocomplexes of platinum, H;[PtClg], Ky [PtClg], Hy[PtCly], Ky [PtCly], PtCly, are
used for CP/Pt synthesis. Together with the fact that chlorides are common impurity in drin-
king water there is a risk of decrease of electrocatalytic activity of composite in fuel cell. Yet
the systematic study of this effect has not been done. The aims of this study are: (i) to find su-
itable, chloride free and commercially available platinum compounds which can be used for
CP/Pt composites synthesis, (ii) to study the influence of the precursor on platinum particles
morphology and (ii1) to measure electrocatalytic activities of CP/Pt composites for metha-
nol oxidation reaction (MOR) and for hydrogen oxidation reaction (HOR) and determine the
influence of chloride ions on these activities. Composites based on polyaniline (PAni) and
polypyrrole (PPy) were studied. The films were prepared electrochemically. Glassy carbon
rotating disc electrode, area 0,196 cm?, served as a support. PAni was synthesized using cyc-
ling voltammetry, PPy was prepared potentiostatically at the potential 1 V vs. SHE. Platinum
particles were deposited galvanostatically and potentiostatically under different conditions
from K, [PtCly], K, [Pt(ox);], [Pt(NH3)4](NO3), and Pt(NO3), water solutions. The samples
with different amounts of platinum were characterized by scanning electron microscopy and
by means of image analysis. Subsequently the electrocatalytic activities for MOR and HOR
under different chloride concentration were measured. The activities for MOR were measu-
red using cyclic voltammetry, activities for HOR were obtained by Koutecky-Levich analy-
sis of potentiostatic polarization curves. It was found that the only compounds from which
the platinum can be deposited on the PAni and PPy films are K,[PtCly] and K, [Pt(0x),].
The morphology of obtained Pt particles differs strongly. The precursors [Pt(NHz3)4](NO3),
and Pt(NO3), are not suitable for Pt depositin on CP films. It was also found that chloride
ions strongly decrease the electrocatalytic activity. Concentration of chloride anions 1072 mol
dm leads to decrease of activity for HOR of about 50-70%. The influence of the chloride
ions on the HOR on the PPy/Pt composites is dependent on the electrode potential. The in-
fluence of the chloride ions on the MOR is even more pronounced, in the presence of above
stated chloride ions concentration the platinum surface is almost completely blocked and the
MOR doesn’t take place.
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Growth of sapphire single-crystal fibres and their applications
Martin Klejch, Jan Kubdt, and Jan Poldk

Crytur, Palackého 175, Turnov 511 01, Czech Republic

Sapphire, the single-crystal of Al,Oj3, is a versatile material with plenty of applications due
to its material properties. Thanks to perfect crystalline structure, it maintains its unmatched
characteristics even when processed into very thin filaments (with diameters ranging from
100 to 1000 pzm). In this paper we deal with preparation and characterization of bare sapphire
fibres and their applications.

The production of sapphire fibres in Crytur is achieved via the “edge-defined film-fed
growth” (EFG) technique. The principle of this process is that the melt rises through a die
from the heated crucible into a small basin of defined shape from which the filament is drawn.
We used molybdenum dies to produce fibres 200-500 pm thick and 1500 mm long. The
crystals were pulled at a rate of 60-300 mm/h. The two principal designs of the dies are
given in this paper. We further discuss and show the possible defects in the crystal lattice
and fibre integrity typical for the EFG method, including the cause of such troubles. The
major imperfections are micro-bubbles, growth stripes, facets, surface defects and impurities
incidence. These defects were studied using optical microscopy with 500 x magnification.
The attenuation of fibres was measured with pulsed Er:YAG laser. The measurement was
conducted for different fibre lengths 50—-160 mm. The wavelength of the laser radiation was
2.94 pm and input energy ranged between 10-110 mJ.

Sapphire optical fibres can be prepared in such a quality by the EFG process which allows
their usage in optical applications with working range up to few meters. The disadvantage of
sapphire fibres prepared by EFG over traditional silica-made ones are their higher loss, the-
refore their length is limited. Sapphire fibres can be used in medical equipment, namely in
the delivery of Er: YAG laser beam at 2.94 microns for minor skin and dental surgeries. They
are biologically inert, non-toxic and have high laser damage threshold. The resistance of sap-
phire can be employed in spectrometric and pyrometric measurements in harsh environments,
e.g., inside chemical reactors, furnaces, combustion engines and in other extreme conditions.
These are the two current major applications of sapphire fibres. However, other sapphire fe-
atures, e.g., thermal or electrical, might be utilized as well. Sapphire fibres prepared by EFG
method exhibit extraordinary mechanical durability and maintain their shape and strength
even for very high temperatures — up to 2000 °C (the melting point is 2053 °C). They are
hard but still show some flexibility and can be bent at a radius 200 x the filament diameter.

[1] E. R. Dobrovinskaya et al., Sapphire: Material, Manufacturing, Applications, Springer
(2009) 55-128

[2] B. Chalmers et al., Journal of Crystal Growth, 13/14 (1972) 84-87
[3] H. E. LaBelle, Journal of Crystal Growth, 50 (1980) 8-17
[4] R. K. Nubling and J. A. Harrington, Applied Optics, 36/24 (1997) 5934-5940
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Electrospinning of polyvinyl alcohol for application in civil engineering
Iveta Klicmanova

CVUT, Fakulta stavebni, Thakurova 7/2007, Praha 166 29, CR

The goal of this paper is to create a complex overview of a process of electrostatic spin-
ning. The principle of this process, pros and cons of existing methods, parameters of the
process and used materials are discussed. Special attention is paid to Nanospider technology,
which has been used in our experiments.

In experimental part of the paper a determination of a surface density of textile is descri-
bed. The textile is composed of a supporting textile (a spun bond) made of polypropylene and
nanofibers (nanofiber textiles) made of polyvinyl alcohol. We have measured the weight per
square area for three types of samples: the supporting textile (the spun bond), the supporting
textile (the spun bond) with the nanofibers of polyvinyl alcohol, and the nanotextile by itself.
The purpose of the experiments was to determine the most appropriate type of samples for
further experiments.

This study was supported by Ministry of Education and Youth of the Czech Republic,
Project No. CEZ MSM 6840770003 and grant SGS10/125/0OHK1/2T/11.
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Solderability of ceramic materials

Roman Kolenak and Maros§ Martinkovic

Slovak University of Technology in Bratislava, Faculty of Materials Science and Technology
in Trnava, Pavlinska 16, 91724 Trnava, Slovak Republic

The issue of solderability of ceramic materials consists mainly in the fact, that the ceramic
materials are non-wettable for commercial solders, owing to their ionic and covalent bond
amongst the atoms. There exist several ways to ensure wettability of ceramic material sur-
face. One of them for example consists in coating of ceramic material with a metallic layer.
More perspective way seems to be application of soldering alloys which are alloyed by small
amount of elements providing high affinity to some component(s) of ceramic material. The
main group are the so-called active solders which contain from 1 to 5 weight % Ti, even-
tually another active element as Zr and/or Hf [1]. The solders alloyed by a small amount
of lanthanoids are another group of solders that can wet the ceramic material. Content of
lanthanoids usually varies from 0.1 up to 2 wt. % [2]. The last group consists of solders
containing indium in amount from 20 to 100 wt. % [3]. The aim of work was to select a
suitable solder from each group, to analyse the interactions between the solder and ceramic
substrate and to determine the strength of fabricated soldered joints. To improve the wetta-
bility, soldering in combination with an active power ultrasound was employed. Experiments
were performed with AI203 ceramics. For comparison, also reference Cu substrate material
with 4N purity was used. The soldering alloy type Sn2Ti, Sn3.5Ag4Ti(Ce, Ga), Sn2La and
Bi25In18Sn were used. EDX analysis was applied for the study of interactions on the boun-
dary of soldered joints. Different mechanisms of joint formation were revealed. In case of
solders containing 2 to 4 wt. % Ti it was found out that the active element in solder reacts
with the surface of ceramic material in soldering process at formation of a reaction layer. The
reaction layer allows wetting of ceramic material. The bond is of diffusion character. In case
of In containing solders, the dominant role in joint formation is played by indium. Indium
exerts a high affinity to oxygen and it is therefore supposed that it is combined with oxygen
from the air in soldering process at formation of complex indium oxides which subsequently
enter into reaction with the surface oxides of ceramic material. The bond is of quasi-adhesive
character. Considerably higher shear strength was achieved with Ti containing solders. This
was caused on one hand by higher strength of diffusion bond with the surface of ceramic
substrate and, on the other hand by higher cohesion strength of soldering alloy proper.

This work was supported by the VEGA No.1/0211/11 of the Grant Agency of the Slovak
Republic Ministry of Education.

[1] A.P. Xian, Journal of materials science 32 6387 (1997).

[2] Y. S.Chang, C. L. Tsao, J. M. Chiang, N. C. Tung, H.G. Pan and H.T. Chuang, Journal of
Materials Engineering and Performance 12, 383 (2003).

[3] M. Provaznik and R. Kolenak, Acta Polytechnica 50, 70 (2010).
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Ligand ronicol, which brings together and divides

Marian Koman and Gregor Ondrejovic
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Bratislava, Slovakia

The pyridylmethanols [2-pyridylmethanol (2-pyme), 3-pyridylmethanol (3-pyme), as well
ronicol (ron) and 4-pyridylmethanol (4-pyme)] have interesting properties in biological sys-
tems. The neutral ligand ronicol in coordination compounds prefer definite types of structure.
The ronicol is usually N,O-bridging ligand and its complexes are coordination polymers re-
sulting in 1-D chains or 2-D sheets, but only for a few complexes, it is terminal ligand [Cu(3-
Mesal)2(3-pyme)2(H20)].(H20) [3-Mesal = 3-methylsalicylate] with monomeric structure
and [Cu(3-MeOsal)2(3-MeOsal)2(3-pyme)4] [3-MeOsal = 3-methoxysalicylate] with dime-
ric structure. The different transitional variations in this rich group of compounds will be
discused. A large number of tetranuclear copper(Il) complexes Cu4OX6L4 (where X = Br,
Cl and L = monodentate O-, S-, N-, P- and Sb- donor atom ligands) have been prepa-
red and structurally studied. Recently, new groups of tetranuclear complexes with nitrogen
donor ligands of pyridine type have been prepared. The neutral ligands are 4-Mepy — 4-
methylpyridine and ronicol (3-Mepy — 3-methylpyridine).

The Cu40Cl16(4-Mepy)4 complex crystallizes in the triclinic crystallographic system. In-
dependent part of the unit cell contains four symmetrically independent molecules of the
same composition. The Cu4OBr2Cl4(4-Mepy)4 complex crystallizes in the triclinic crys-
tallographic system too. The unit cell contains eight symmetrically independent molecules
with following compositions: four molecules of Cu4OBr1Cl5(4-Mepy)4, two molecules of
Cu40Br2Cl4(4-Mepy)4 and two molecules Cu4OBr3Cl13(4-Mepy )4.

The crystal structure of [Cu4OCI6(ron)4] consists independent monomeric molecules
[Cud4OCl6(ron)4]. The molecule contain the structural units Cu4OCI6 in the central oxy-
gen atom is tetrahedrally coordinated to four copper atoms, which are bridged in pairs by
six chloride atoms in trigonal bipyramidal coordination. The fifth coordiantion sites of Cu(II)
atoms are occupied in axial positions by nitrogen atoms of ronicol ligands and do not form
polymeric structure.

This work was supported by the Grant No. APVV-0014-11
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Optimization of the bond and etch-back silicon-on-insulator
manufacturing processes

Petr Kostelnik and Jan Sik
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Republic

We have studied the bond and etch-back silicon on insulator (BESOI) manufacturing pro-
cesses. The top silicon layer, called device layer, was studied from its epitaxial growth on
2 pm thick SiGeB etch-stop layer, through 850 °C / 12 h bond strengthening annealing and
selective etching, to the final chemical-mechanical planarization (CMP) treatment. We have
found that the device layer thickness is reduced during the annealing and selective tetrame-
thylamonium hydroxide and HNA (mixture of hydrofluoric, nitric and acetic acids) etching
processes. This thickness reduction was found to be 0.592 ;m, independently on the origi-
nal device layer thickness. We have also found that the wafer surface is covered by a thin
silicon suboxide layer after the HNA etching. The layer can be however easily removed by
CMP with stock removal higher than 0.1 gm. Such process also polishes the wafer surface to
prime quality micro-roughness. For studied BESOI process we therefore propose additional
epitaxial growth of 0.8 pm to the thickness target of the lightly doped epitaxial layer (future
device layer) and using CMP stock removal of 0.2 ym to obtain BESOI wafer with superior
device layer surface micro-roughness and thickness uniformity.

Our work is partially supported by research and development grant TAO1010078 awarded
by Technology Agency of the Czech Republic.
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Dielectric properties of calcium titanate prepared by plasma spraying
techniques
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In recent decades plasma spraying has become a well accepted technology as the coating
method for metallic and ceramic materials and has been used in a variety of fields. Several
works on dielectric properties of CaTiO3 ceramics have been published, but there is a lack of
research comparing plasma sprayed samples produced with different techniques. One series
of samples was produced using a high-throughput water-stabilized plasma spray system WSP
[1]. Spray distance SD was set to 350 mm and to 450 mm. A conventional atmospheric
plasma-spray system, gas-stabilized plasma gun GSP F4 [2], was used for spraying of the
other set of samples.

Capacity and loss factor of specimens was measured in the frequency range from 20
Hz to 5 MHz. Relative permittivity was calculated from measured capacities and specimen
dimensions [3]. WSP samples have very high relative permittivity at frequencies lower than
1 kHz. The permittivity is strongly frequency dependent and it does not drop below 130.
The GSP sample has lower relative permitivity, and was also more stable versus the tuned
frequency.The most significant is high loss factor of the deposit from a spraying distance SD
450 mm. Sample SD 350 has lower and less frequency-dependent losses. At about 4 MHz the
value of both samples is the same, about 0.1. The GSP sample has rather frequency-dependent
loss factor, however more than 10 times lower than WSP SD 450 — only about 0.01 at 5 kHz.

Porosity was determined on light microscopy images of cross-sections via image analysis
software Lucia G (Laboratory Imaging, Praha, Czech Republic). There is relation between
porosity and relative permittivity. High porosity represents lower relative perittivity because
volume of pore is full of unknown gas which should have lower relative permittivity than pure
CaTiO3. Also there takes place different microstructure of WSP and GSP layers. All these
facts affects dielectric parametres.

[1] P. Chraska, M. Hrabovsky, An overview of water stabilized plasma guns and their appli-
cations, Proc. of the Intl. Thermal Spray Conf. 1992, Orlando, FL, USA, C. Berndt, Ed.,
(1992) 81-85.

[2] J. Ilavsky, et al., Influence of Spray Angle on the Pore and Crack Microstructure of
Plasma- Sprayed Deposits, Journal of American Ceramic Society, 80, (1997) 733-742.

[3] O. Morey, P. Goeuriot, D. Juve, D. Treheux, Dielectric investigations on ‘MgAION’ com-
pounds: role of nitrogen content, Journal of the European Ceramic Society 23 (2003)
345-355.
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Phosphate and borophosphate glasses: structure—properties-application
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Phosphate and borophosphate glasses present an important group of glass materials having
several commercial applications. Their research is still continuing and new materials based
on these glasses have been prepared. Therefore studies of their structure and properties are
reported on international conferences on glasses worldwide. Special phosphate glasses show
promising usefulness as fast ion conductors, waveguides, optical switches, fibres, etc. Ne-
vertheless, the applications of these glasses are often hampered by their low chemical dura-
bility. The addition of trivalent oxides together with substitution of alkali oxides by divalent
oxides can improve their chemical durability. Our studies in recent years were aimed at the
stabilization of phosphate glasses with B,O3 combined with ZnO or PbO. Such materials of-
fer better chemical durability than alkali phosphate or borophosphate glasses. Several studies
were also devoted to mixed MO-Me,O borophosphate glasses with M = Pb and Zn and Me
= Li, Na and K. We studied also the modification of zinc phosphate and borophosphate glas-
ses with higher-valent oxides, e.g. SbyO3, Bi,O3 or TeO, and transition metal oxides TiO,,
Nb205, MOO3 and WO3.

For structural studies we applied Raman and infrared spectroscopy combined with 31P
and 11B MAS NMR spectroscopy. The aim of these studies is to identify basic structural
units in these glasses and to investigate structural changes with changing glass composition
and to relate structural changes with changes in the properties of glasses. Study of thermal
properties of glasses is is carried out using a variety of thermoanalytical techniques (DTA,
DSC, dilatometry and heating microscopy thermal analysis).

The most important applications of these glasses present laser glasses, glasses for the
deposition of radioactive wastes, and glass solders. Nd-doped laser glasses used in high-
power systems are predominantly phosphate-based with near metaphosphate composition.
These glasses are characterized by large stored energy, efficient energy extraction, resistance
to laser-induced damage and mature manufacturing technology. For the storage of radioactive
wastes glasses containing about 40% Fe,O3 a 60% P,O5 were proposed due to their high
chemical durability and the ability to include a high content of radioactive oxides like Na;O,
Cs;0, SrO, UO, or Bi»O3. These oxide dissolve in the glass melt without a significant effect
on its chemical durability.

Zinc borophosphate glasses or SnO-ZnO-P,05 glasses were proposed for the application
in solders replacing lead-based solders. Both glasses reveal a sufficient chemical durability,
low values of the glass transition temperature and a low coefficient of thermal expansion

This work was supported by the Grant No.P106/10/0283 of the Grant Agency of Czech
Republic.
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New approach to crystal nucleation from solution on active centers
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Institute of Physics, Academy of Sciences of the Czech Republic, Cukrovarnickd 10,
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Standard model of nucleation on active centers is based on Avrami approach, when the total
number of nuclei formed on active centers is determined by the equation, which governs the
depletion of the active centers [1]. Nucleation rate per active center enters the Avrami kinetic
equation as a parameter and it is usually computed from the standard kinetic model of nucle-
ation, when the number of active centers does not change in time. We present a new approach
to the nucleation on active centers, when the number density of nuclei, nucleation rate, and
the total number of nuclei are determined from the standard kinetic model. Exhaustion of
active centers is taken into account through the boundary condition.

As a model case we consider the crystal nucleation from solution. The total number of
nuclei in Avrami model reaches the number of active centers faster in comparison with nu-
merical solution of kinetic equation. In our model, nucleation rate and the number density of
nuclei reach an extremum and then decrease to negligible value with time. At lower initial
superstauration and lower number of active centers a decrease in supersaturation is very slow,
but it is faster at higher number of active centers.

This work was supported by Grant No. P108/12/0891 of the Czech Science Foundation.

[1] Z. KoziSek, M. Hikosaka, K. Okada, P. Demo, J. Chem. Phys. 136 (2012) 164506.
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In this work the experimentally observed effect of a slow decay of the photoluminescence
is studied theoretically in the case of quantum dots with an indirect energy band gap. The
slow decay of the photoluminescence is considered as decay in time of the luminescence
intensity, following the excitation of the quantum dot sample electronic system by a short
optical pulse. In the presented theoretical treatment the process is studied as a single dot
property. The inter-valley deformation potential interaction of the excited conduction band
electrons with lattice vibrations is considered in the self-consistent Born approximation to
the electronic self-energy. The theory is built on the non-equilibrium electronic transport
theory. The time dependence of the photoluminescence decay is estimated upon using a sim-
ple effective mass approach. The numerical calculation of the considered model shows the
power-law time characteristics of the photoluminescence decay in the long-time limit of the
decay. Relation of the numerical results to the experimental data is to be discussed. We de-
monstrate that the non-adiabatic influence of the interaction of the conduction band electrons
with the lattice vibrations provides a mechanism leading to the power-law time dependence
of the photoluminescence intensity signal. This theoretical result emphasizes the role of the
electron-phonon interaction in the nanostructures.

This work was supported by the Grant No. LHI12186, LHI12236 and OC10007.
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Study of temperature field measurement at vertical Bridgman method
in static and dynamic arrangement

Robert Kral and Antonin Cihlar
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This work deals with study of the temperature field measurement at simulated crystal growth
by the vertical Bridgman method. Its aim is to understand influence of growth conditions
(temperature gradient in the furnace and pulling rate) on shape and position of crystal/melt
interface and finding suitable growth conditions for preparation of high quality single crys-
tals of lead halides and ternary alkali lead halides. As a model compound, a lead chloride
was chosen for its availability in high purity and for more accessible information about its
material constants. The temperature field in our experimental setup was measured by four
thermocouples inside specially prepared quartz ampoule. Thermocouples moved in four ca-
pillaries asymmetrically positioned along the ampoule axis. Two experimental configurations
were used: static and dynamic. During the static one, the ampoule was held at fixed posi-
tion. After formation of the crystal/melt interface, the temperature was measured by pulling
the thermocouples up through the capillaries by step of 1 mm. In this way, the temperature
was sampled from the bottom crystal part, through the crystal/melt interface, the melt and
the atmosphere over the melt in the total length of 65 mm. At the dynamic arrangement the
ampoule was pulled down by a pulling rate of 3 mm/hour. When it reached the same po-
sition in the furnace as in the static arrangement, the temperature field was measured in the
same manner as for the static measurement [1]. Obtained results of the temperature field were
displayed in the first instance in 2D diagram as “isolevel” temperature curves, assuming ra-
dial symmetry of measured positions inside the ampoule. For further study these data were
recomputed into isothermal curves by linear approximation [2]. From obtained results, we
determined position and shape of the crystal/melt interface. The shape of the crystal/melt in-
terface depended on the temperature gradient in the furnace and the volume ratio of crystal
and melt. At the temperature gradient of 35 K/cm and a small volume of the crystalline phase
the crystal/melt interface was markedly convex. At the dynamic setup, influence of the am-
poule movement caused changing of the interface shape to planar one. Temperature data were
used as boundary conditions for a numerical model to determine melt flow and temperature
field (isotherms) in the studied system using COMSOL Multiphysics 4.1 software.

This work was supported by The Ministry of Education, Youth and Sports by the research
project MSMT KONTAKT No. LHI12150.
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During the last twenty years, diamond has attracted increasing attention of many research
and industrial groups worldwide due to an excellent combination of intrinsic properties (me-
chanical, chemical, and radiation resistance, thermal conductivity, optical transparency, wide
electrochemical window, biocompatibility, etc.). However, several optimistic predictions of
early applications failed on account of technological limitations (such as n-type diamond
doping, low temperature growth, and heteroepitaxial growth over large areas). In the last
5 years, the large area diamond growth by microwave plasma CVD process became attai-
nable, however, growing electronic-grade material remained a challenge. Our present work
focuses on the large area growth (up to 20x30 cm?) of diamond thin films by linear antenna
microwave plasma CVD process from CO, containing gas mixtures. We will show that ad-
ding CO; to the hydrogen rich gas mixture (H,+CHy) has a significant influence not only on
the plasma gas chemistry (conc. of atomic hydrogen) but also on the diamond growth kine-
tic (growth rate). Furthermore, we show that grain size (nano- or micron-sized), roughness,
and chemical purity (ratio of sp3 to sp2 bonded carbon) can be tailored by adjusting the pro-
cess conditions. The presence of CO, in the gas mixture is identified as crucial for obtaining
functional field effect transistors (FETs). Our first model assumed that CO,-grown diamond
films are not suitable for fabrication of hydrogen terminated FET devices due the presence of
recombination centers for holes induced by hydrogen termination. This limitation seems to be
valid only for a certain CO, concentration. We have overcome this technological limitation
and we will show for the first time a functional FET devices working on hydrogen—terminated
diamond films grown by linear antenna microwave CVD plasma from CO; containing gas
mixtures.

This work was supported by the grants P108/12/0996 (GACR) and P08/12/G108 (GACR
Excellence Center). We would like to gratefully appreciate to K. Hruska and J. Libertinova
for SEM measurements and O. Rezek for technical support. This work occurred in frame of
the LNSM infrastructure.
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Nonstoichiometry and physical properties of GaGeTe
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In the GaTe - Ge system there is GaGeTe compound with peritectic melting point 1073
K. GaGeTe crystallizes in hexagonal crystal lattice (space group R3m) with layered structure
with distinct cleavage planes perpendicular to the trigonal ¢ —axis. According to [1] its lattice
parameters are a=4.05A, c=34.65A. In the literature, there are studies of crystal structure [2]
and an investigation of chemical bonding using Raman spectroscopy [3] only. The aim of
this contribution is to present original information on transport properties of Gaj,,Gej_xTe
and GaGeTey_y series. The products of synthesis were identified by X-ray diffraction; phase
purity and microstructure were examined by EDX/SEM. Samples for measurement of trans-
port properties were prepared using hot-pressing. They were characterized by measurement
of electrical conductivity, the Hall coefficient, and the Seebeck coefficient over a temperature
range 80—480 K and of thermal conductivity over a temperature range 300-580 K. All sam-
ples show p-type conductivity. We discuss the influence of stoichiometry on the phase purity
of the samples and on free carrier concentration and hence on their thermoelectric properties.
The investigation of thermoelectric properties shows that the power factor of these samples is
low compared to state-of-the-art materials at room temperature but increases distinctly with
temperature [4].

This research was supported by the Ministry of Education, Youth and Sports of the Czech
Republic under the project MSM 0021627501.
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We examined the problem of impurity nucleation in a solid matrix on several alkali halide
crystals. While the studied NaCl and KCI form simple ionic crystals, when impurities are
introduced and the crystals subjected to heat treatment, complex aggregation phenomena
do occur. In the theoretical part of the work, we tried to follow the aggregation of these
impurities using computational modeling approach. We examined the possibilities and based
the model on interionic potentials (IOPs) lattice modeling standing in the model hierarchy
(and computational demands) between ab-inio approaches such as DFT models and classical
nucleation theory.

We determined formation energies for clusters, treated as defects, starting from single
impurity-vacancy dipole and small aggregates to possible configurations of larger clusters.

Experimentally, we studied the system using optical spectroscopy. The advantage of this
method is in the possibility of following nanocluster growth in the bulk, without destroying
the sample. Experimental results coincide with model. While the study was limited to alkali
halide system, similar behaviour can be observed in other systems.

This work was supported by Grant No. P108/12/0891 of the Grant Agency of the Czech
Republic.
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This paper presents a novel surface plasmon resonance (SPR) sensor based on white-light
spectral interferometry. The experimental arrangement employs a white-light source (bandwi-
dth from 350 nm to 1000 nm), a polarizer and a birefringent quartz crystal for SPR excitation.
SF10 Kretschmann SPR sensor prism is inserted into the beam path and one measures both
the corresponding SPR phase change and reflectivity at a suitable fixed angle of incidence
across the visible spectrum. The prism (sensing surface) is coated with gold film of 44 nm
nominal thickness and the incident angle is approximately 58°. In our case of the SPR ef-
fect, the useful phase information is encoded in the spectral interferogram. Thereby, p- and
s-polarized spectra interfere among themselves and the interferograms are obtained by using
an analyzer when only p-polarized waves are affected by the SPR effect.

Spectral interference signals are then used in corresponding phase retrieval [1]. In order
to calculate the SPR induced differential phase change, a windowed Fourier transform (WFT)
[2] was adopted to extract the phases from two spectral interferograms, one corresponding to
the reference material and the other corresponding to the analyte.

The pilot measurements were tested with water as an analyte and air as a reference mate-
rial and the measurement results were compared with the results of theoretical models. The
first results show good agreement between a calculated resonance wavelength and a reso-
nance wavelength determined from reflectivity measurements. The second results show good
agreement for phase change measurements. The proposed technique offers a much simpler
experimental arrangement than was recently presented in a paper [3].

This work was supported by the Grant No. P102/11/0675 and CZ. 1.05/2.1.00/01.0040.
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Current Loading of Adhesive Joints Aged in Environment with High
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The electrical resistance of conductive joints formed of electrically conductive adhesives
changes with external influences such as the temperature, humidity, mechanical stress, electri-
cal current [1-2] and many others. The goal of the work was to examine influence of electrical
current pulses of high intensity on two groups of adhesive joints: on the joints, loaded with
the current after their forming and on the joints first aged in environment with high humidity
and then loaded with the current pulses. The pulses amplitude, width and frequency were set
so that the joints were only minimally heated. The measured results were mutually compared
and discussed.

Formulation of adhesive was based on bis-phenol epoxy matrix and was filled with silver
flakes with concentration 75 % (by weight). Adhesive joints were formed by adhesive assem-
bly of resistors with the resistance of 14 m{2 on a test PCBs. These boards made four point
measurements of the joints resistivity possible. Humidity ageing was carried out at the 98 %
RH for 100, 200 and 300 hours. The rectangular current pulses with the amplitude of 10 A,
20 A and 50A were used for loading of the adhesive joints. The width of the pulses was 5
18, the frequency was 50 Hz. The lost power was, for the standard resistance of 20 mS) of
an adhesive joint, 12 mW for the amplitude of pulses 50 A and 0,5 mW for the amplitude of
pulses 10 A. This value is negligible from the point of view of possible additional curing of
adhesive. The time of loading with the current pulses was 60 min.

It was found that the current pulses can change the resistance of the adhesive joints.
The resistance first increased with the amplitude of current pulses and then fall down, or
fall immediately down after application of current pulses of minimal current intenzity. The
changes were small (up to 10 %) for the joints, which were not aged in humidity. Higher
changes (up to 37 %) were found for the joints aged in humidity. It supports assumption
about the increase of silver ions mobility in adhesive depending on moistening of the adhesive
matrix.

[1] Duraj, A., Mach, P., Radev, R., Matejec, J.: Influence of High Current Load on Electrical
Properties of Adhesive Conductive Joints, in ESTC 2006, Germany, pp.1323-1329

[2] Mach, P, Busek, D.: Modification of Adhesive Joints Resistance with Current Pulses, in
ISSE 2010,Warszaw, Poland, pp. 106-107
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Rare earth aluminum garnets, RE3Al50;,, where RE are Lu, Y or their mixture in asked
ratio, doped with Ce3* or Pr3* are efficient scintillators characterized by high or medium
light yield (L.Y.) up to 27000 ph/MeV [1,2]. These scintillators are tested and used in various
applications such as medical imaging (PET, PEM, radiography etc. [3]) or in 2D X-ray micro-
radiography [1]. Crystalline samples of above mentioned aluminum garnets can be prepared
as the single crystals grown by the Czochralski or Bridgman methods [4,5], as epitaxial layers
grown by the liquid phase epitaxy (LPE) and in the form of ceramics [7]. In particular the epi-
taxial layers seem to be very promising medium materials regarding their good scintillating
properties and cost [5,6]. Scintillation properties of garnet structure materials were investiga-
ted by pulse height spectroscopy using a HPMT photomultiplier [2]. Scintillating properties
of garnet structure materials can be influenced by (i) garnet sample composition, by (ii) anne-
aling at different temperatures and atmospheres and by (iii) effective doping if energy transfer
is present. The main goal of this report is to present short summary of scintillating properties
(L.Y. and energy resolution) of various aluminum garnet structure materials depending on the
above described modifications (i)-(iii).

This work was supported by the Grant No. 202/0800893 of the Czech Science Foundation
and is also supported by the Commission for Cooperation of Czech Republic with CERN.
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Final properties of formed steel or another alloy pieces are affected by production, at first
conditions of working. For all that it is needful to know detail structure changes of plastic de-
formed material caused by working - forming, grinding, drilling etc. Recently the deformation
is in a general way based on its macroscopic effects, but these are not corresponding fully with
microscopic structural changes [1-2]. The deformation of parts leads to grain boundaries de-
formation in volume of parts or in its surface layers. On metallographic cut it is possible to
observed grain boundaries orientation which was caused by grain boundaries deformation.
If prior knowledge of axes of orientation are known (as it is in most of mechanical working
processes), stereological measurement of degree of grain boundaries orientation is relatively
simple [3]. There are only three principal schemes of elementary bulk deformation, which
very good classified strain in an analysed place of a formed body. They are basic indicators
at analysis and evaluation deformation state caused by an external load. In an undeformed
state the structure is isotropic, the grains have isometric dimension and grain boundaries are
not oriented. In case of plastic deformation of this isotropic structure the grains will occurred
anisometric dimension and grain boundaries are oriented. Grain boundary orientation can be
observed in various planes in dependence on deformation. Direction of grain boundary ori-
entation is the same as direction of deformation. If a deformation scheme is known, the ani-
sotropic microstructure is decomposed into isotropic, planar and linear oriented components
using stereology methods. However, orientation is not the same as deformation. A model of
conversion of grain boundary orientation degree to deformation was based on similar com-
parison orientation — deformation of an idealized grain shape. From three basic equations —
definition of deformation, definition of degree of orientation and invariability of volume the
dependence of true strain to degree of orientation was solved. This model of conversion of
grain boundary degree orientation to grain deformation is independent on initial dimension
of the grain — strain depends only on shape of grain and not dependents on a grain dimension.
The method also does not requires knowledge of the parameter of structure with zero value
of initial deformation, which in most of cases is unknown and in the whole volume of pieces
is not the same.

This work was supported by the VEGA Grant No. 1/0615/12 of the Grant Agency of the
Slovak Republic Ministry of Education.
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Hybrid organic-inorganic nanostructures are known for their suitable optoelectronic ap-
plications in photovoltaics and light-emitting diodes. The organic part usually provides a
large oscillator strength providing thus good optical properties, while the inorganic one exhi-
bits a good charge transport. Therefore, it is the aim of this work to study the resonant energy
(charge) transfer in such a system.

Inorganic materials of the the III-N-V-type are used in optical communications. It was
shown that in quantum dots based on III-V semiconductors the electron-phonon coupling is
responsible for the electronic relaxation process [1,2]. Simultaneously, we expect that the
organic part in the hybrid organic-III-N-V system similarly increase the electronic transfer
due to its strong coupling between excited electrons and vibrational modes.

In our model we studied a charge (energy) transfer in a two-level (donor-acceptor) system.
Particularly, we calculated time-dependences of the population transfer with respect to the
parameters of the electron-vibrational mode couplings.

We proved that the donor population dynamics contains at least two strongly oscillating
components as well as the decay kinetics. We assigned the oscillatory frequencies of the
donor population to the particular vibronic transition frequencies of the energy of the sys-
tem. Moreover, we proved that decay rates exhibits resonances for the integer value of the
ratio between the energy difference of the donor and acceptor and the vibrational energy. We
discussed the model in a great detail.

This work was supported by the Ministry of Education, Youth and Sports of the Czech
Republic (Projects No. COST OC 1007 and KONTAKT Il LH 121186) and by the Grant
Agency of the Czech Republic (Project No. P205/10/2280).
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Lithium and calcium borophosphate glasses doped with TeO, were prepared and studied in
the compositional series (100-x)[0.5Li,O-0.1B,03-0.4P,05]-xTeO, and (100-y)[0.5CaO-
0.1B,03-0.4P,05]-yTeO, within the concentration range of x=0-60 and y=0-30 mol% TeO,.
The structure of the glasses was studied by Raman spectroscopy. Differential thermal analy-
sis, thermodilatometry and heating microscopy have been used to study thermal behaviour
of the glasses. According to the Raman spectra, TeO, is incorporated in the structural ne-
twork in the form of TeO3 and TeOy, structural units. The ratio of TeO4/TeO3 units increases
with increasing TeO, content in both compositional series of glasses. DTA studies showed
that all of glasses crystallize on heating within the temperature region of 400-700°C and the
surface nucleation mechanism prevails over the internal one. The contribution of the sur-
face crystallization mechanism over the internal one decreases with increasing TeO, content.
Compounds formed by crystallization were BPOy4, LiPO3, LiyP,07, CayP,07, CayPgOq9
and TeO,. Glass transition temperature and crystallization temperature decrease with incre-
asing TeO, content as well as the thermal stability of glasses, whereas thermal expansion
coefficient increases. The addition of TeO; to the starting lithium and calcium borophosphate
glass also resulted in a gradual increase of chemical durability of the glasses.

This work was supported from the Grant Agency of the Czech Republic (Grant
No. P106/10/0283).
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Glass arises by cooling of a melt or a high temperature solution with rate greater than the
critical one in the so-called temperature range of glass transition. Glass formation is not any
momentary process as crystallization is, but it is a consecutive one during which the melt
viscosity increases, the melt structure starts rearranging and the values of enthalpy, entropy
and volume decrease. The adequate temperature range of glass formation is characterized by
the temperature of the glass transition - T¢;, which as the midpoint of the temperature range
of glass transition is determined by thermal analysis methods. Unfortunately, 7¢; determined
in that way depends on the measurement conditions (heating or cooling and their rates) and
conditions of glass preparation (thermal history of the glass). These facts disqualify appli-
cation of 7(; as a material constant giving fundamental information about condition of glass
preparation. Therefore methods to reduce negative influence of measuring conditions on the
T determination were searched for. The first researches who were interested in relations be-
tween 7 and heating rate during DSC measurements were probably Kovacs [1] and Lasocka
[2]. However, the great achievement was attained by developing new extensions to conven-
tional DSC - the Temperature-Modulated Differential Scanning Calorimetry (TMDSC) per-
formed by the TA Instruments [3,4], the Pyris StepScan DSC Software (Perkin-Elmer) and
the temperature modulated DSC named TOTEM by Mettler-Toledo [5].

These methods enable one to separate the measured heat flow into the temperature depen-
dent reversing (thermodynamic) component and the time dependent nonreversing (kinetic)
one. Using these methods, both T; and ACp values were obtained, which were independent
of their conditions of measurement (heating or cooling) and glass preparation and thermal
history of the glass as well. The values of Tz and ACp only depend on the glass chemical
composition and accordingly the 7¢; value determined in a such way can be considered as an
actual material constant for the glass of given composition.

This work was supported from the Grant Agency of the AS CR (No. KAN 300100802)
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A high-spin Co(IT) complexes (3d’, S = 3/2) have been investigated by temperature-
dependent FAR infrared spectroscopy. A series of mononuclear Co(II) complexes was chosen
for which the structures have been resolved by X-ray diffraction and the zfs parameters have
been accurately determined by the SQUID magnetometry [1-3]. ZFS is usually characteri-
zed by two parameters, termed the axial (D) and rhombic (E) zero field splitting constants.
Determination of the D-parameter is traditionally performed by the electron spin resonance
(when D is low enough) and the magnetometry (when D is large enough). However, other
techniques can be applied as well, like calorimetry, inelastic neutron scattering, magnetic ci-
rcular dichroism, Mossbauer spectroscopy, or the FAR-infrared spectroscopy. The values of
D vary from 10" to 10% cm’! [4].

The FT-IR spectroscopy is a useful tool for determining the zero-field splitting when the
D-values are large. In Co(Il) complexes there are six lowest energy levels (Kramers doublets)
arising from the splitting of the parent 4T1g(0h) term due to the tetragonal crystal field and
the spin—orbit coupling. Therefore there are 15 allowed electronic transitions among them.
Five transitions from the ground state determine remaining 10 transitions among the excited
states so that the IR data should be selfconsistent.

One of these transitions refers to the zero-field splitting A(1F6 —>1F7) =2D + 2E and its
intensity progressively decreases on temperature lowering. The peak maximum corresponds
to the vertical transition. A decomposition of the vibrational envelope (when resolved) to
Lorentzian-shaped primitive functions yields the on-set of the absorption peak, that refers to
the 00 transition, giving rise to the corrected value D/ir.These data are not far from those de-
termined by fitting the magnetic data (temperature dependence of the magnetic susceptibility,
and the field dependence of the magnetization)[5].

This work was supported by the Grant agencies (VEGA 1/0052/11, APVV 0014-11)
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In this work the carbon black (CB) was used as the filler in polymer matrix. Primary CB
particles (30-50 nm) form larger agglomerates which can build up the continuous electri-
cally conductive path when the concentration of CB reaches the critical value (percolation
threshold). The dependence of conductivity on CB concentration shows the sharp rise the
composite transforms from insulator to conductor. The aim of this work is microscope (op-
tical and AFM) observation and the measurements of electrical properties of the thin plate
(thickness 0,2 mm) composites CB (modified) — polystyrene (PS) prepared from the solution
of PS in toluene. The modification of CB was based on ion extraction from CB in distilled
water. UV irradiation was added for some samples. The extraction of ions was verified by
the measurements of the conductivity of water used and by atomic absorption spectroscopy.
Three series of the samples were studied. 1. Composites with dry CB. 2. Composites with CB
(DCB-deionised CB) after ion extraction in distilled water. 3. Composites with DCB irradia-
ted by UV lamp during the extraction. The concentration of CB was 1-5 %w in all series. The
electrical measurements were carried out in the condenser with micro shift in the frequency
region 0,1 — 1000 kHz for temperatures 25 — 80 °C. The separation polyethylene foil was used
for higher conductive samples. The impedance — phase measurements are presented directly
or in the terms of complex permittivity , where real part is relative permittivity and imaginary
one represents losses. The differences in the structure and electrical properties between the
samples of composites contained different modified (or non-modified) CB will be discussed
in more detailed.
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Growth of profiled sapphire single-crystals by EFG method
Jan Polék

Crytur, Palackeho 175, Turnov 51101, Czech Republic

Sapphire - the single crystal of aluminum oxide (Al,O3) - belongs to one of the most im-
portant artificially produced materials due to its unique physical and chemical properties.
Sapphire has a high refractive index and a broad transmission band spanning the ultraviolet,
visible and infrared bands. Sapphire is very hard material (Moh’s 9) and has an extraordi-
nary mechanical strength up to its melting point 2053 °C, very high thermal conductivity,
high electric resistivity and outstanding chemical resistance even to strong acids, bases and
fluorination agents. All this makes sapphire a much sought-after material in industry and
science. Typically sapphire is grown as bulk crystal by Verneuil, Czochralski or Kyropoulos
methods. However crystal machining is difficult, in comparison to other materials due to its
high hardness. The first growth of profiled single crystal sapphire was published in 1971 by
La Belle and Mlavsky (TYCO laboratories) [1]. The EFG (Edge-defined Film-fed Growth)
method is in principle similar to older one (1953) of A. V. Stepanov for growth of shaped
single crystals of metals. Main advantages of the EFG method are growth of near net shape
which demands zero or small need of machining decreasing production costs, possibility of
growth of complicated shapes and large scale profiles, higher growth rate and also automated
process control. Sapphire profiles can be prepared by EFG method in various shapes - rod,
tube, plate, ribbon, etc. Although EFG method was primarily applied for sapphire production,
is today used also for metals, silicon and other oxides compounds. Review of modern modi-
fications of EFG and related methods was published. The EFG method is based on rising of
Al203 melt by capillary action up to the top of the orifice. Thanks to the wettability of metal
surface of the orifice, the 0,1 mm thick layer of the melt arises. The meniscus of the melt is
then touched by the seed crystal at proper melting temperature. The edges of orifice define
the geometrical shape of crystal. Seed crystal is then slowly pulled from the melt and the final
profiled crystal is grown. Profiled sapphire is produced commercially by several companies
in USA, Japan and Russia, Crytur is the only EU producer. Sapphire profiles are produced in
form of fibre diameter 100-500 pm, rods with diameter 0,5 - 20 mm. Capillaries have mini-
mal outside diameter 0,9 mm and inside diameter 0,6 mm. Tubes have maximum diameter
85 mm and maximum length up to 1800 mm. The largest sapphire plates have dimensions
300 x 600 x 8 mm. Sapphire profiles are used in various industrial and scientific applications
demanding extraordinary material properties. High pressure, high temperature, together with
harsh chemicals are the right reason to use sapphire tube instead of quartz or corundum cera-
mics. Although is EFG method known more than 40 years, is there still many new aims and
the next development is necessary.

This work was supported by the Grant No. TAO1011017

[1] H. E. LaBelle, Jr., Nature, 216, (1967), 574

56



Development of Materials Science in Research and Education, 3-7 September 2012, Lednice
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Diamond exhibits a unique combination of properties while keeping its high biocompatibi-
lity [1]. The growth of homogeneous and continuous films is always preceded by the nucle-
ation/seeding method. Presently, the ultrasonic seeding seems to be the most progressive
and universal technique with nucleation densities up to 10'' cm™2. Seeding by a composite
polymer-diamond powder was shown suitable for seeding of mechanically soft and/or un-
stable substrates [2]. Needle-less electro-spinning allows industrial-scale production of nano-
fibers with high productivity, scalability and quality of nanofibers.

In this work we present the new approach for diamond nucleation which implements na-
nofiber composites produced by textile industry. In this approach, ultra-dispersed diamond
nanoparticles (UDD) (5 — 10 nm) are dissolved in PVA solution which is then deposited by
electro-spinning method onto the substrate material (glass, silicon, paper, etc.). Due to used
high voltage (20 — 60 kV), charged liquid “jets” are extracted in the direction to substrate,
during this extraction they are gradually “dried” and collected onto the substrate as fiber
composites (PVA fibers with immersed diamond nanoparticles) in their solid state. Based on
SEM images, the diameter of fabricated fiber composites varied from 50 nm up to 200 nm and
their length was up to hundreds of micrometers. Then the fiber composites were exposed to
the microwave plasma CVD process using following process parameters: microwave power
900 — 3000 W, gas pressure 30 — 50 mbar, 1 % methane diluted in hydrogen gas mixture.
After the CVD process, samples were characterized by SEM, AFM, and UV micro-Raman
spectroscopy and by FTIR measurements. All the techniques confirmed diamond character
of the fibrous structures. The morphology varied from porous-like 3D structures to single
isolated nanofibers in diameter <50 nm. Combined effect of seeding by the UDD particles
and GPa pressure difference across the fibre interface (given by fibre radii) will be discus-
sed together with applications of these diamond nanofibers and porous structures in a tissue
engineering, sensor applications, and self-standing flexible diamond structures.

This work was supported by the grant P205/12/0908. We would like to gratefully appre-
ciate to K. Hruska for SEM measurements, J. Potmesil and O. Rezek for technical support.
This work occurred in frame of the LNSM infrastructure.

[1] C.E. Nebel, Nat Mater 2 (2003) 431-432.

[2] A. Kromka, O. Babchenko, H. Kozak, K. Hruska, B. Rezek, M. Ledinsky, J. Potmesil,
M. Michalka, M. Vanecek, Diamond and Related Materials 18 (2009) 734-739.

57



Development of Materials Science in Research and Education, 3-7 September 2012, Lednice

Luminescence Properties and Application of Impurity Ion Probes in
Perovskite-type Oxides

Zdenék Potticek and Zdenck Bryknar

Czech Technical University in Prague, Faculty of Nuclear Sciences and Physical
Engineering, Trojanova 13, 120 00 Praha 2, Czech Republic

Study of ferroelectric and structural phase transitions in ABO3 oxides with perovskite-type
structure is of great importance to successful improvement and optimization of their functi-
onal properties that can be tailored for wide range of applications by doping with suitable
admixtures. Due to high sensitivity of luminescence parameters to small changes in host ma-
terial luminescent ions with zero-phonon emission lines offer delicate probes for detection
of phase transitions and local lattice distortions in dielectric materials. A luminescent probe
method is particularly advantageous in the study of small size and confine geometry effects
on properties of ferroelectric and related materials performed mainly on ultrathin films, fine-
grained ceramics, and nanopowders because of a whole range of inconveniences connected in
this case with the application of conventional methods for investigation of ferroelectric phase
transitions.

The luminescence properties of trivalent rare-earth ions and transition-metal ions with
3d3 electron configuration in perovskite-type ABO3 oxides will be reviewed with respect to
their possible application as a luminescent probe in the detection of phase transitions. Spe-
cial attention will be paid to SrTiO3 because of very unusual and large temperature shift of
the zero-phonon R-line of photoluminescence of octahedral Cr3* and Mn*"* centers observed
in SrTiO3:Cr and SrTiO3:Mn crystals [1, 2]. An antiferrodistorsive structural phase transi-
tion from the cubic to tetragonal phase results in the splitting of the R-line to the doublet.
Moreover the temperature shift of the average position of the R-lines was found in the tetra-
gonal phase proportional to the reciprocal permittivity of the pure SrTiO3 and to the square of
TO; soft phonon mode frequency. Such temperature behavior of the R-lines makes it possi-
ble to study ferroelectric phase transitions induced in SrTiO3 by appropriate impurities or
perturbations [3]. Recent study of the temperature behavior of the Cr3* emission R-line in
SrTiO3:Cr nanocrystalline powders revealed conservation of quantum paraelectric properties
down to a particle size of about 10 nm but in small enough SrTiO3 nanoparticles clearly
indicated an emergence of a low-temperature ferroelectric phase transition [4].

This work was supported by the grant P108/12/1941 of the Czech Science Foundation.

[1] S. E. Stokowski, A. L. Schawlow, Phys. Rev. 178 (1969) 464.
[2] Z. Bryknar, V. Trepakov, Z. Pottcek, L. Jastrabik, J. Lumin. 87-89 (2000) 605.

[3] V. A. Trepakov, S. E. Kapphan, J. G. Bednorz, I. Gregora, L. Jastrabik, Ferroelectrics 304
(2004) 83.

[4] V. A.Trepakov, Z. Potiicek, M. V. Makarova, A. Dejneka, P. Sazama, L. Jastrabik, Z. Bryk-
nar, J. Phys.: Condens. Matter. 21 (2009) 375303.
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Photoluminescence and infrared absorption spectroscopy of the
aminated nanocrystalline diamond surface

Zdenék Remes§, Halyna Kozak, Oleg Babchenko, Egor Ukraintsev, and Alexander Kromka
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Nanocrystalline diamond (NCD) coatings deposited on non-diamond substrates such as glass
at a relatively low temperatures below 600C provide economical alternative to single crystal
diamond showing most of the diamond excellent properties. We have significantly reduced
the non-diamond content by the deposition of NCD under the optimized growth conditions on
carefully selected substrates followed by the post-growth etching and cleaning. The diamond
surface exhibits an extraordinary variety of properties at the atomic level and the functionali-
zed diamond surface differs significantly in surface properties such as electrical conductivity,
electron affinity, wettability and chemical reactivity. We have already demonstrated the usa-
bility of the FTIR spectroscopy and fluorescence microscopy to detect the surface coverage
of the oxidized NCD surface with a relatively thick amino-organosilane polymer. However,
the FTIR sensitivity was rather low due to the low reflectivity of NCD/silicon or NCD/glass
interface. Therefore, we have recently developed the NCD coating deposition on the highly
reflective protected gold substrates.

In this paper the microwave based surface wave-discharge in linear antenna configuration
is applied for the growth of diamond thin films on commercially available protected gold on
glass mirrors to enhance the infrared optical reflectivity of NCD layers. To demonstrate the
high sensitivity of the optical methods for the surface characterization, the oxidized NCD
surface is aminated by the wet amino-organosilane treatment. The amination of the NCD
surface is of high interest as it would enable the straightforward binding of a large variety
of functional molecules such as bioactive compounds or polymer building blocks by amide
formation, reductive amination, nucleophilic attack or direct condensation reactions. Atomic
force microscopy (AFM) reveales the macroscopically homogeneous amino-organosilane co-
verage consisting of the insulated microscopic organosilane clusters with submicrone height
partly covering the NCD surface. The grazing angle reflectance Fourier transform infrared
(GAR FTIR) spectroscopy in the mid infrared region detects with high sensitivity to the cha-
racteristic molecular vibrations of the functional groups. From the signal to noise ratio follows
that the GAR FTIR is a potentially suitable method for monolayer detection. The presence of
the amino groups on the partly aminated NCD surface is detected under UV excitation by the
photoluminescence spectroscopy in blue-green spectral region after applying fluorescamine
reagent.

We acknowledge the support of the projects P108/12/G108 (GACR), P205/12/P331 (GACR),
LHI12186 (MSMT KONTAKT II) and LH12236 (MSMT KONTAKT II).
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Glass transition temperature 7; as the midpoint of the temperature range of glass transition
offers fundamental information important for glass preparation. When 7; is determined by
convectional DSC, it depends on the measurement conditions (heating/cooling and their rates)
and conditions of glass preparation (thermal history of the glass). However, if the temperature
modulated DSC (TMDSC) is used the heat flow is independent of conditions during the T
measurement and of thermal history of the glass. T(; values only depend on the glass chemical
composition [1-3].

Our contribution deals with the glass transition study on meta-phosphate glasses with a
composition of LiGd(PO3)4 and LiY(PO3)4 using both the convectional DSC and TMDSC.
These glasses were developed and tested when searching for scintillating materials to be used
in the detection of gamma- and x-rays [5]. The glassy samples were prepared by a direct
synthesis of Li,CO3, YPO4 (GdPOy,), CePO,4 and some excess of P,O5 at 1200°C [4]. Two
groups of powdered samples of particle sizes smaller than 96 pm and between 96 and 106 ym
and bulk glassy samples in the form of both side polished round plates 3.6 mm in diameter and
1.6 mm in height were used. Glass transition temperature was studied using non-isothermal
conventional DSC at heating and cooling rates of 2, 5, 8, 10, 18, 25, and 40 K/min from room
temperature to 550°C. Using TMDSC, the temperature of glass transition was only scanned
at heating rates of 2 and 5 K/min. The aim of this contribution was to determine the glass
transition temperature of all glassy samples depending on scanning rates using both DSC and
TMDSC and to compare the 7¢; values obtained by the TMDSC with those obtained by means
of Cernosek’s procedure [S5] and to discuss the results obtained. The procedure is based on
application of the two-phase exponential association kinetics equation and extrapolation of
the T¢; values measured by the DSC to infinity.

This work was supported from the Grant Agency of the AS CR (No. 300100802).

[1] P.S. Gill, S.R. Sauerbrunn, M. Reading, J. Therm. Anal. 40 (1993) 931.

[2] M. Reading, D. Elliot, V.H. Hill, J. Therm. Anal. 40 (1993) 949.

[3] I. Fraga, S. Montserrat, J.M. Hutchinson, J. Thermal. Anal. Calorim. 87 (2007) 119.
[4] K. Nitsch, M. Rodova, J. Therm. Anal. Calorim. 91 (2008) 137.

[5] Z. Cernoéek, J. Holubova, E. éernoékové, M. Liska, J. Optoelectron. Adv. Mater. 4 (2002)
489.
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Phosphate glasses are able to form relatively large glass-forming regions with molybdenum
oxide and tungsten oxide. These glasses offer prospective applications for their electrochro-
mic properties and a high ionic conductivity. Phosphate glasses belong also among possi-
ble candidate materials for the vitrification of nuclear wastes with molybdenum because
they possess high waste loading capacities. Our previous study of glasses from the ternary
system PbO-MoO 3 -P, O 5 [1, 2] was realized with Raman spectroscopy and 3lp NMR
spectroscopy. A large glass-forming region was observed in this system and in the glass se-
ries Pb(PO 3), -MoO 3 glasses were obtained within the concentration range 0-70 mol%
MoO ; . For all these applications it is necessary to characterize these glasses by several tech-
niques, to investigate their structure and properties and also to study their thermal behavior.

Presented study is devoted to the investigation of thermal bahavior of glasses from the
ternary system PbO-MoO 3 -P, O 5 by several thermoanalytical methods. Thermal proper-
ties of these lead molybdate-phosphate glasses were studied by differential thermal analysis
(DTA), heating microscopy thermal analysis (HMTA) and dilatometry (DT). Characteristic
temperatures obtained from these three methods were compared and discussed. Crystalli-
zation products, obtained by annealing of powdered glasses at high temperatures, were iden-
tified by X-ray diffraction analyses. In the glasses of the Pb(PO 3 ), -MoO 3 series with a
high MoO 3 content crystalline compound of Pb(MoO ), (PO 4), is formed. Crystalli-
zation of this compound was studied by the Day’s method [3] and the prevailing mechanism
of surface nucleation was revealed. Heating microscopy was found as a useful technique
especially for the study of glass behavior above the glass transition temperature.

The authors are grateful for the financial support from the research project
No. P106/10/0283 of the Grant Agency of Czech Republic and from the project SG320001 of
the Ministry of Education of Czech Republic.

[1] L. Koudelka, I. Rosslerova, J. Holubova, P. Mosner, L. Montagne, B. Revel, J. Non-Cryst.
Solids 357, 2816 (2011)

[2] I. Rosslerova, L. Koudelka, Z. Cernoéek, P. Mosner, L. Benes, J. Mater. Sci. 46, 6751
(2011)

[3] C.S. Ray, Q. Zang, W. Juany, D. E. Day, J. Am. Ceram. Soc. 79, 3155 (1996)
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Material science education at ICT Prague
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Institute of Chemical Technology Prague (ICT) is the biggest educational institution of
its kind in Central and Eastern Europe. Apart from education, research in material science
forms the large deal of its activity.

Education in chemistry (alchemy) in the lands of the Czech Crown is as old as the Char-
les University. In times prior to the reign of Rudolph II, the great admirer of alchemy, an
empirical approach started to take shape. In 1546, Georgius Agricola wrote De re metallica
libria dealing with methods used in mining and metallurgy, thus beginning the transformation
of alchemy into chemistry. Industrial development in the 18th century led to the foundation
of Czech Estates Polytechnic Institute which included also the department of chemistry. This
department was part of the Prague Polytechnic until 1920 when Institute of Chemical Techno-
logy and Engineering was formed within the Czech Technical University. Complete indepen-
dence was achieved in 1952 when ICT was created in the form we know it today. Nowadays,
ICT comprises four faculties: Faculty of Chemical Technology, Faculty of Environmental
Technology, Faculty of Chemical Engineering and Faculty of Food and Biochemical Tech-
nology. The core of materials research and education in this field lies in all study degrees at
Faculty of Chemical Technology.

The study in ICT is structured into 3 years of bachelor’s and 2 years of master’s pro-
gram. Bachelor study offers 12 programs with 28 branches. Out of these, 3 study programs
deal with material science: Applied chemistry and materials, Biomaterials for medicine and
Nano- and microtechnologies in chemical engineering. In master study, students can apply
for 16 study programs (35 branches), where there is one material program: Chemistry of ma-
terials and material engineering. This study program is divided into five branches: Inorganic
non-metallic materials, Materials for electronics, Metallic materials, Polymer materials and
Nanomaterials.

Apart from lectures and seminars in specialized subjects, the students have specialized
laboratory practice during both bachelor and master studies. There they familiarize themsel-
ves with advanced preparative, analytical and measuring techniques that are being used in
respective departments in the research and application of materials. ICT has of course a sub-
sequent PhD study program where the students usually continue in research they started in
their diploma thesis.

At this presentation, the typical study course of materials engineering program will be
demonstrated. All special subjects and lab trainings (including equipment used) will be pre-
sented.
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Layered semiconductors such as BiySes belongs to a class of material used in thermo-
electric (TE) applications. TE devices have ability to convert heat energy directly into elet-
ricity and can be used as alternative source of ”green”’energy. TE materials with tetradymite
structure (BipSes, BipTes, SbyTes) are degenerate semiconductors with high concentration
of native defects producing free carriers. For Bi;Ses, selenium vacancies are dominant de-
fects giving rise electron doping of the order 10! cm™3. Doping with electropositive element
as strontium could lead to a decrease of concentration of native defects and consequently to
a decrease of free carrier concentration and has a beneficial effect on transport parameters.

This lecture is focused on preparation and characterization of single-crystalline Bi,Ses
doped with strontium. Single crystals were grown from high purity elements using self-flux
method. The samples were characterized by x-ray diffraction analysis and optical emission
spectroscopy with induction coupled plasma (ICP-OES) was used for determination of actual
content of Sr in the samples. Transport properties involved measurement of Seebeck coeffi-
cient S, Hall coefficient Ry and electrical conductivity ¢ in the temperature range 80 K to
470 K. It was found that the substitution of Sr atoms for Bi atoms in the Bi,Ses crystal lattice
leads to a decrease in the free carrier concentration. This effect is explained within a model of
the point defects in the crystal lattice of Biy_ySrxSes. From measured data the power factor
PF and thermoelectric figure of merit ZT were calculated.
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Diamond thin films are recognize as promising material for life science and regenerative me-
dicine due to its excellent biocompatibility and tunable surface properties by grafted molecu-
les. Use of diamond films as antibacterial coating is less known and still evokes discussions.
In this work we presents study on antibacterial properties of hydrogen and oxygen termi-
nated diamond thin films (H- and O-diamond). As negative reference sample is used glass
and copper is used as strong positive sample. Gram negative bacteria - E. Coli is used as
modeling organism. The bacterial culture was grown in whole media at 37 °C on specimens
(H-diamond, O-diamond, glass and copper) with specific area around 20 cm?. The antibac-
terial properties were determined by number of bacteria colonies after 24 hours incubation.
Experiments on bacteria growth on copper, the well known member of antibacterial materials,
confirmed its killing effect all bacteria. Oxygen grafted diamond films had a minimal impact
on bacterial growth and achieved results are comparable with reference samples (glass). In
comparison to the reference sample, the hydrogen grafted diamond film effectively reduced
the number of bacteria by 60 %. This observation confirms that in specific case (i.e. proper
surface termination on atomic leve), diamond can be classified as antibacterial material.

This work was supported by the GACR grant no. P108/12/0910 and SGS grant
no. 12/110/OHK1/2T/11. We would like to gratefully appreciate to J. Libertinova for AFM
and SEM measurements and O. Rezek for technical support. This work was carried out in
Jframe of the LNSM infrastructure.
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Solar cells based on photovoltaic diode structures made from hydrogenated amorphous (a-
Si:H) and microscrystaline (c-Si:H) silicon thin films with the energy conversion efficiency
about 10% have been developed in the last 35 years as an economical alternative to the solar
cells based on sliced crystalline silicon ingots. However, silicon thin film conversion effici-
ency still needs to be improved to be competitive with the crystalline silicon solar cells with
the efficiency about 20%. One of the possible ways to improve the cells efficiency is to pre-
pare silicon thin films with embedded nanoparticles to enhance the light absorption in the
near infrared region.

In the Department of Thin Films and Nanostructures at the Institute of Physics ASCR,
we developed the radio frequency plasma enhanced chemical vapor deposition (RF PE CVD)
of hydrogenated silicon thin film in glow discharge of Silane diluted in Hydrogen. In the last
years we have started to investigate the properties of nanoparticles embedded in the silicon
matrix. We have observed that some nanoparticles can indeed be embedded in the silicon to
create the quantum dots, whereas others lead to catalytic growth of silicon nanowires (Si-
NW).

We acknowledge the support of the grant project GACR 203/09/1088 of the Grant Agency
of the Czech Republic, Centrum LC 510 and LH12236 (MSMT KONTAKT II).
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The understanding of physical properties of nanotextiles and parameters, controlling the pro-
cess of their production, is very important for future application of this kind of material in
all branches of technology. In this paper we present a preliminary study of polyvinyl alcohol
nanotextiles, produced by a modification of electrospinning method — a so-called Nanospider
technology. The homogeneity of the material is studied by means of measurement of a surface
density. The analysis of polypropylene spun bond, used in our experiments as a substrate for
PVA nanotextile, shows that for future research it would be desirable to use a material with
higher homogeneity. The theoretical model for the filtering efficiency of nanotextile is pro-
posed. Within the frames of this model an expression for the transparency of the multi-layer
nanotextile on the parameters of the technological process is obtained. The research forms a
basis for future detailed study of this new and prospective type of material.

This study was supported by Ministry of Education and Youth of the Czech Republic,
Project No. CEZ MSM 6840770003 and grant SGS10/125/0OHK1/2T/11.
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There is a wide range of degradation factors that may potentially impact the lifespan
of so-called concrete nuclear-safety structures in Nucler Power Plants (NPP). The limited
experimental material connected with ~y-irradiation as degradation factor [1] concluded that
the least dose of 7-irradiation producing measurable damage of concrete is 10 Gy. Such
massive doses cannot be reached in case of NPP’s under the normal operation. Typically,
during its lifetime the concrete in NPP receives a dose about 10° Gy. However, our research
suggests that even substantially lower doses of y-irradiation can lead to remarkable changes
in the material.

In our experiments hardened cement paste (HCP) has been exposed to ~y-irradiation up
to a dose of 1 MGy and then the changes of properties of the porous space were studied by
mercury porosimetry and adsorption of nitrogen.

It was found that the concentration of nanopores in the hardened cement paste increases
and the concentration of pores with a diameter in the range of 10 — 50 nm decreases due to -
irradiation. The most significant change induced by irradiation is the specific pore area. It can
be interpreted as coarsening of an originally smooth surface of the pores. It corresponds to our
hypothesis of so-called “radiation carbonation” of the HCP: the crystals of calcite growing
during the carbonation decrease diameter of the pores and increase their surface. There is,
however, another effect of v-irradiation on HCP: the ~-irradiation causes the radiolysis of
water and this leads to drying of samples and can therefore result in the shrinkage of HCP.
Our experiments really show that the relative change of mass of the control samples was only
1 %, but the relative change of mass of the irradiated samples was up to 6 %. Therefore,
the shrinkage due to drying may also explain an observed decrease of the mean (average)
pore diameter, the specific volume of pores and porosity. It can also explain (contrary to the
“radiation carbonation” hypothesis) that the bulk density and the skeleton density did not
change their values due to irradiation. Nevertheless, it cannot explain an increase in the pore
surface.

Our experimental results can be most likely interpreted by two independent phenomena:
the shrinkage due to radiation drying and radiation carbonation.

This work was supported by the Grant No. SGS12/103/OHK1/2T/11

[1] TAEA TECDOC-1025, Assessment and Management of Ageing of Major NPP Compo-
nents Important to Safety: Concrete Containments Buildings, Vienna, 1998.
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Thermally stable semimetal graphite /n-type ZnO Schottky contact

Roman Yatskiv and Jan Grym

Institute of Photonics and Electronics, Academy of Sciences CR, v.v.i.

In recent years, increased interest in the application of ZnO in new optoelectronic and micro-
electronic devices has emerged [1,2]. One of the crucial tasks, which has come into play,
is understanding and control of ZnO electrical contact properties. High quality ohmic and
Schottky contacts (SC) are a prerequisite for the fabrication of high performance ZnO based
devices. Moreover, high quality Schottky contacts are crucial vehicles to study electrically
active defects in semiconductor materials by capacitance-based defect characterization tech-
niques such as capacitance-voltage measurement (C-V), deep-level transient spectroscopy
(DLTS), and admittance spectroscopy (AS). In fact, only rather limited number of studies
exist utilizing capacitance-based defect characterization techniques to study electrical active
defect in single crystalline ZnO [3], reflecting the challenge to prepare high-performances
Schottky contact. We report the formation of a Schottky contact by printing colloidal gra-
phite on an O- and Zn- face ZnO substrate [4]. A significant face effect with higher quality
barriers achieved on O- face compared to Zn- face was observed. The extracted values of
the barrier height and of the ideality factor from I-V characteristics were 0.89 eV and 1.0
for O-face and apparent 0.60 eV and 2.53 for Zn-face, respectively. This significant vari-
ation was explained by differences in the defect nature of the Zn-face and O-face surfaces of
Zn0O which was confirmed by photoluminescence (PL) measurements. In the case of O-face
ZnO substrate, the current transport through the Schottky barrier was described by thermi-
onic emission model and extracted values of the barrier height followed the Schottky- Mott
relation. Using the Schottky-Mott relation together with the assumption that Fermi levels of
the semiconductors are not pinned, we calculated the graphite contact work function ¢=5.09
eV. This value is in a good agreement with theoretical and experimental values reported in
the literature [5]. Temperature I-V measured of semimetal graphite/ZnO SC showed that TE
was dominant in current transport at RT and above. We demonstrated that low-energy depo-
sition colloid graphite on ZnO substrate can be good candidates for replacing conventional
metal contact, which degrade easily at high temperature by diffusing into semiconductor and
irreversibly forming undesirable ohmic contact.

This work has been supported by the projects COST OCI10021 and LD12014 of the Mi-
nistry of Education CR.

[1] U. Ozgur et al., J. Appl. Phys. 98, 041301(2005).

[2] L.J. Brillson et al., J. Appl. Phys. 109, 121301 (2011).
[3] H. Wenckstern et al., Appl. Phys. Lett. 9, 022913 (2007).
[4] R.Yatskiv et al., Carbon 50, 3928-3933 (2012).

[5] N. Ooi et al., Carbon 44, 231-242 (2006).
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Methods of Accelerated Growth of Tin Whiskers
Pavel Zék, Ivan Kudlacek, and Jan Urbanek

CTU in Prague, Faculty of Electrical Engineering, Department of Electrotechnology,
Technickd 2, Prague 6, Czech Republic

Unalloyed tin electroplating has a long history of whisker formation that has resulted in
present reliability risks for electronic equipment [1]. Tin whiskers can grow between adjacent
conductors of different potential, causing transient or permanent electrical shorts. In addition,
the whiskers can break loose, causing mechanical damage in slip rings, optical components
or MEMS.

The objective of our work is to investigate methods for tin whisker growth, which can
further enable measuring the effectiveness of mitigation strategies. To achieve this objective,
a set of experiments was conducted using bright and matte tin platings on brass and bronze
coupons and hot-solder dipped bronze coupons. Two sets of experments were conducted: sta-
tic stress test (permanent bending, permanent compression) and dynamic bending test (one-
sided bend).

The results clearly show a high reliability risk when layers of pure tin are used. However,
the risk does also occur when tin-rich solder alloys are used. The tin whiskers have been
grown under these conditions. Furthermore, it happened in a relatively very short time. The
first signs of tin whisker growth were identified after 380 hours of exposure to dry heat. Ac-
cording to the evidence of the experimental data, the absence of Cu underlayer slows first
whiskers occurrence nearly twice. The presence of Cu underlayer is supposed to accelerate
diffusion of Cu atoms into the tin layer and the formation of intermetallic compounds. Ano-
ther risk is caused by brighteners in galvanic bathe if layers from bright tin are deposited. The
extreme risk is brought by brighteners consisted of organic compounds with large molecules
containing a greater number of inter-linked benzene nuclei. The results also proved that tin
whiskers can also grow on the surface of lead-free solders. Hot dip applied lead-free solder
used in the dynamic stress test failed on all tested samples (Sn99Cul, Sn95,5Ag3,8Cu0,7,
Sn97Cu3), as well as a the reference sample with electroplated pure tin. The Whiskers grow
after load of 84 000 bending cycles.

This work was supported by the Grant Agency of the Czech Technical University in Pra-
gue, grant No. SGS12/183/OHK3/3T/13.

[1] BRITTON, S.C. extitSpontaneous Growth of Whiskers on Tin Coatings: 20 Years of Ob-
servation, Trans. Of the Institute of Metal finishing, Vol. 52, pp. 95-10 April 1974.
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