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INTRODUCTION

The research in solid state physics at the University ofidaestarted after World War
II. The Institute of Solid State PhysicgISSP) of theUniversity of Latvia was established on
the basis of Laboratory &emiconductor Researeimd Laboratory oFerro- and Piezoelectric
Researchin 1978. Since 1986 the ISSP has the status of an independent orgarozahe
University and now is the main material science instituteaitvifa.

Four laboratories from the Institute of Physics of the laatvi\cademy of Sciences joined our
Institute in 1995. Twenty scientists of the former Nuclear Rebe@entre joined the ISSP in
1999 and established Laboratory of Radiation Physics. In 2004 scdntist the Institute of
Physical Energetics joined ISSP and established Laborat@ygahic Materials (Table 1).

In mid 90-ties the ISSP has intensifiedtéaching activities A number of researcher
have been elected as professors of the University of Latwdst-gPaduate and graduate
curricula were offered in solid state physics, material pBysibemical physics, physics of
condensed matter, semiconductor physics, and experimental methodstamaents. In 2002
the Chair of Solid State and Material Physics Universityad¥ia was established at ISSP.

Research and training in optometry and vision science is taking plahe Laboratory
of Visual Perception of the ISSP since 1992. Co-located with thi#utas the Optometry
Centre has been established in 1995 with facilities for primgey care and serving as a
technological research basis for students and staff.

In December 2000 the ISSP was awardedGaetre of Excellence of the European
Commission (Centre of Excellence for Advanced Material ResearchTaahnologies). This
honorary recognition with the accompanying financial support of 0,7 millidR Eas increased
our research activities, particularly extending the listwfresearch partners and scientists who
come to work to our Institute from the leading European researatesent

The research of the ISSP includes
electron and ion process in wide-gap materials with different dexjrerdering;
functional organic molecules and polymers for photonics and organtoogiies;
multifunctional and hybrid materials for energy applications: lighitting diodes,
photovoltaic elements and coatings for solar baterries, stofalggdrogen for fuel

cell devices;



electrodes and plasma technologies for hydrogen production, polymebrares

with ionic conduction for fuel cells and gas separations;

inorganic single crystals, ceramics, glasses, thin fiems, nano-structured surfaces

for application in optics, electronics, photonics and energetics.

The highest decision-making body of the Institute is Sh&ntific Council of 21

members elected by the employees of the Institute (Tabl@@sently Dr. phys. L.Trinklere is

the elected chairperson of the ISSP Council. The Council app@ietsod and its deputies.

ORGANIZATIONAL STUCTURE OF THE ISSP IN 2014

International Supervisory Board

Council of Institute
Dr.phys L.Trinklere

Dr.habil.phys A. Sternberg

RESEARCH DEPARTMENTS
AND LABORATORIES

ADMINISTRATION AND
DOMESTIC SERVICES

Table 1



SCIENTIFICUNITS

DEPARTMENT OF CRYSTAL PHYSICS AND DEPARTMENT OF PHOTONICS
OPTOELECTRIC MATERIALS P.Kualis  MATERIALS PHYSICS D. Millers
‘,‘ #, Laboratory of Optical e Laboratory of Solid State T
‘ ¢/ Spectroscopy M. Springis 'O Radiation Physics L Grigorjeva
7~ Laboratory of Magnetic " Laboratory of Amorphous .
‘ “/ Resonance Spectroscopy U. Rogulis 'O Materials Spectroscopy L. Skuja
‘ ) Iéaa?;;z%;zw'de Band B. Bérzina -o Laboratory of Optical Recording J. Teteris
. Laboratory of Semiconductor 7 o
‘ Optoelectronics B. Pojakovs -o Laboratory of Surface Physics J. Maniks
-o Laboratory of Organic Materials M. Rutkis
DEPARTMENT OF DEPARTMENT OF
FERROELECTRICS V.Dimza  SEMICONDUCTOR MATERIALS A. Lusis
Laboratory of Physics and i " . .
Application of Functional Materials V. Dimza Laboratory of Solid State lonics A. Lasis
Laboratory 9f Synthesis M. Antonova Laboratory of EXAFS Spectroscopy J. Purans
and Processing
Laboratory of Visual Perception M. Ozolins Ié:t;g;t;ray'eorfi:)s'drogen J. Kleperis
DEPARTMENT OF THEORETICAL PHYSICS
AND COMPUTER MODELING J. Kotomins
Lab y of Comp Modeli 5 ; y Laboratory of .
of Electronic Structure of Solids J. Zukovskis # Radiation Physics J. Berzips
Laboratory of Kinetics in . Laboratory of I
Self-organizing Systems VeKuzovkays Electronic Engineering A. Kristins
ADMINISTRATION A Sternbergs DOMESTIC SERVICES
Efe ;’ ;g]g;rector M. Rutkis D. Popele Human Resources |
) Efe ;)t\:lt()‘(i:slrector ASarakovskis R. Siatkovskis Procurement Department
Scientific Secretary L. Grinberga J. Ruhmanis Engineer Igne:::r::‘v::: O
Accounting Department A. Jozepa L. Rihtere Library ( )

Main Engineer =

V. vanovs and Mechanical Workshops |

The interdisciplinary approach of research at the ISSPRefiected by itshighly
qualified staff. At present there are 172 employees working at the Institutd, PBdanembers
of the research staff hold Dr.habil.degrees, 68 hold Dr. or PhEheAend of 2014 there were
19 PhD students and 46 undergraduate and graduate students in physicstoametryop
programmes working at the ISSP.



Table 2

The Scientific Council of the Institute

Laima Trinklere, Dr.phys., chairperson of the Council
Marcis Auzins, Dr.habil.phys., UL

Gunars Bajars, Dr.chem.

Larisa Grigorjeva, Dr.habil.phys.

Jur is Gr be, PhD student

Anastasija Jozepa

Andris Krumins, Prof., Dr.habil.phys.

Peteris Kulis, Dr.phys.

© ©o N o g bk~ w D PRE

Aleksejs Kuzmins, Dr.phys.

10. Raitis Grizibovskis, PhD student
11.Juris Purns, Dr.phys.

12.Uldis Rogulis, Dr.habil.phys.
13.M rtins Rutkis, Dr.phys.

14. Andrejs Silins, Prof., Dr.habil.phys.
15. Linards Skuja, Dr.habil.phys.

16. Anatolijs Sharakovskis, Dr.phys.
17.Andris Sternbergs, Dr.habil.phys.
18.Janis Teteris, Dr.phys.

19. Anatolijs Truhins, Dr.habil.phys.
20.Nils Veidemanis, A/S “Sidrabe”
21.Guntars Zvejnieks, Dr.phys.

The annual report summarizes the research activities of 8f ii52014. The staff of
the Institute has succeed imé&tional science grantsand inone national cooperation project
with the total financing 263,4 thous. EUR

Since 2008 the budgetary increase of science was focused onfisciefnastructure
financing and launching of National Research Programmes (N&R¢ of the scientific
priorities in Latvia ismaterialscience ISSP became coordinating institution for the Materials
NRP and collaborates as well in the NRP “Energeticsaetitrg 297,9 thous. EUR budget in



2014. The infrastructure financing for ISSP in 2014 was 707,2 thous.dBdRt was partly

used also for the salaries of the scientific and maintergtatfeof the Institute. (Table 3).

Main awards, received at 2014:

No Author Award
1 Dr..phys. R. Eglitis Thg Correspondir Member of Latvian Academy (
Science
5 Dr. habil.phys The International Member of Latvian Academy
' E. Lippma (Estonia) | Science
3 3. Mikelsone _The I__’OREAL—UNESCO shcarship ,,For Womer
' ' in science 2014”
4 Dr.habil.phys E. Silins avarc in physicsof Latviar Academy of
' V. Kuzovkovs Science

J.Purns, A.Kuzmins | Authors of the best scientific achiewment (fr
5. | J.Kalinko, A. Anspoks, | Latvian Academy of Science)
J. TimoSenko

At the end of 2014, more than 60 students, master’s candidates aodhldcahdidates
worked in our Institute under the supervising of our scientists.Iidtgute has always strived
to be actively involved in student teaching on all levels. DU2@6 — 2008 a teaching module
“Functional material and nanotechnologies” was introduced in bacheld master physics
curricula. This project was supported by European Social Fund. Manyorkers of the
Institute were involved in preparation of lecture courses.

In 2014four international conferenceshave been organised:

1. International Young Scientist Conference “Developments in Optad
Communications 2014”, April 9 — 12, 2014, Riga, Latvia;

2. Saules kauss 2014, May 17, Riga, Latvia.

3. International Joint event of 12th Russia/CIS/Baltic/Japan Symposion
Ferroelectricity and 9th International Conference on FunctionateNals and
Nanotechnologies (RCBJSF-2014-FM&NT) , September 29 — October 2, 2014 Riga
Latvia

4. Workshop of FP-7 project “Waste Heat to Electrical EnergySuatainable Organic
Thermoelectric Devices” 8.09. — 10.099R, Latvia



INCOME OF ISSP, THOUSAND EUR, FROM 2007 -2014

Table 3

Contracts,
Grants and ] ) Structural
Total Other financing market Internat.
Year | ] programmes ] funds
financing from budget oriented funds
from budget from EU
research
2007 | 4605.12 1027.17 1579.67 140.44 13176 18709
2008 | 6063.28 1457.59 1549.22 221.83 415.19 2206
2009 | 2443.64 898.69 822.56 91.35 231.07 399.97
2010 | 3038.68 634.89 961.01 118.53 169.04 1159|21
2011 | 3868.93 637.45 733.49 148.83 172.81 2 176(99
2012 | 4925.98 606.57 785.57 170.74 59.05 3 30405
2013 | 3518.90 345.92 787.27 232.21 393.42 1 405|66
2014 | 3029.00 562.30 891.00 361.20 178.Y0 1 035|80
7.00
6,06
5.00
5.00 £,93
4,01
& 4.00 3.87
2 3,52
= 3,04 ’_‘ 3,3
=2 3.00 —
2,44
2.00 - ’—‘
1.00 -
000 m T T T T T T T
2007 2008 2009 2010 2011 2012 2013 2014
Years

Fig.1. Total financing of the ISSP milj. EUR from 2007 to 2014

.— salaries



The main source fonternational funding were two EC # Framework Programme (H2020)
contracts:

- 3 EURATOM projects — 155,3 thous. EUR;

- Latvian — Belarus project — 22,8 thous. EUR,;

Main achievments in 2014:
1. 91 SCI papers published by the staff of Institute;
2. 4 patent applications;
3. 15 B.sc. thesis and 13 M.Sc. thesis in physics, optometry andstlyemere defended under
the supervision of our scientists;
4. A. Anspoks, A. Voitkans and M. Dunce were acquired degreectdrdaf physics (PhD);
5. The development of “National Research Centre for nanostracamd multifunctional

materials, constructions and technologies” by the ISSP (ERQE&q).

Many thanks to everybody who contributed to this report as wédl s organizations
that supported the Institute financially: Science Departnmanthe Latvian Ministry of
Education and Science, Latvian Council of Science, Universityatfia, EC #' Framework
and H2020 Programme, Programme of EU Structural funds, COSjfaftme, and to many

foreign Universities and institutions for cooperation.

Prof. Dr. A.Krumins
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DEPARTMENT OF CRYSTALS PHYSICS AND OPTOELECTRONIC
MATERIALS

Headof Department Dr. phys. P. Kulis

LABORATORY OF MAGNETIC RESONANCE SPECTROSCOPY

Head of Laboratory Prof., Dr. habil. phys. U. Rogulis

RESEARCH TOPICS

Research of defect structure, luminescence centres afm&ns using magnetic
resonance spectroscopy techniques (EPR, ODMR).

Research of intrinsic and activator-related defects in oxyfleatomposites, fluoride
micro- and nano-crystals in glass matrixes.

Investigations of luminescence properties of oxyfluoride gladsytass-ceramics, as

well as application possibilities of these materials.

LABORATORY EQUIPMENT

ODMR spectrometer: Oxford Instruments Magneto-optical cryosthtmagnetic fields
up to 7 T at temperatures 1.5-4.2 K, spectral range 200-800 nm ammvanve frequencies 36
and 45 GHz.

EPR spectrometer: X-Band (9.3 GHz), magnetic fields up to t&niperature range 6-
300 K.

SCIENTIFIC STAFF

1. Prof., Dr. habil. phys. U. Rogulis
2. Dr. phys. A. Fedotovs
3. Dr. phys. E. Elsts

11



PhD students Students

1. A. Antuzevis 1. M. Kemere
2.Dz.Brzi 8§ 2. J. Sperga
3. O. Kiseova 3. A. Cvetkova

SCIENTIFIC VISITS ABROAD

U. Rogulis (1 month, Germany)
E. Elsts (1 week, Spain)

COOPERATION

Latvia

1. Department of Physics, Faculty of Physics and Mathemaétits

2. Laboratory of Semiconductor Physics, Institute of Technical 8hyRiga Technical
University (Prof. A. Medvids)

Germany

1. Fachhochschule Sudwestfalen, Soest (Prof. Dr. S. Schweizer)

2. University of Paderborn (Prof. Dr. S. Greulich-Weber)

Romania

1. National Institute for Material Physics (INCDFM), Buctard&komania (Dr. M. Secu)

2. National Institute for Research and Development for OptoelecsrtidOE 2000, Bucharest,

Romania (Dr. I. C. Vasiliu)
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MAIN RESULTS

STUDIES OF RADIATION DEFECTS IN CERIUM, EUROPIUM AN D TERBIUM
ACTIVATED OXYFLUORIDE GLASSES AND GLASS CERAMICS
E. Elsts, E. Rogulis, K. Bulindzs, K. Smits, A. ZolotarjpksTrinklere, K. Kundzins

Terbium, cerium and europium activated oxyfluoride glasses and ¢gaasiics have
been studied by thermally stimulated luminescence (TSL) andabpiisorption techniques
after the X-ray irradiation. A creation of colour centres in axgfide glass matrix and TSL
peaks depending on the activator type were observed. LaF3 andaréneactivators were
analysed by SEM-EDS.

ADVANCES IN OXYFLUORIDE GLASS-CERAMICS
U. Roqulis, A. Sarakovskis, E. Elsts, A. Fedotovs, |. 8ric

Besides being a good medium for up-conversion displays, oxyflugldde-ceramics
have shown several new prospective application directions. Fostigagons of the up-
conversion mechanisms, the comparison of the optical spectraeoflass-ceramics and
corresponding fluoride macrocrystals has been fruitful. We cadpeathodoluminescence
decay times for terbium-, cerium- and europium-doped oxyfluorids-glxmmics and obtained
that cerium-doped glass-ceramics have shortest decay tioresation of fluoride crystallites
in the oxyfluoride glass-ceramics could be tracked by the EPRrfige structure of impurity
ions. Activator ions in the oxyfluoride glass-ceramics could beeeladd in the oxide glass as
well as in the fluoride crystal parts of the ceramimsyealing new possibilities of the

construction of the spectral shape for solid state lighting.

SCIENTIFIC PUBLICATIONS

1.E. Elsts, E. Rogulis K. Bulindzs, K. Smits, A. Zolotarjovs, L. Trinklere, K.

Kundzins, Studies of radiation defects in cerium, europium and tedmstivated oxyfluoride
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glasses and glass ceramics, Optical Materials, 20154 1/gbp. 90-93; DOI
10.1016/j.optmat.2014.10.042

2. A. Antuzevics, U. Rogulis, A. Fedotovs, Dz. Berzirend J. Purans, Electron
paramagnetic resonance study of point defects ig, 8igest of the International Conference
on Global Research and Education, Inter-Academia 2014, Riga, Liat@4-95.

LECTURES ON CONFERENCES

1. E. Elsts, U. Rogulis, K. Bulindzs, K. Smits, A. Zolotag, L.Trinkere, K. Kundzins,
Studies of radiation defects in Ce, Eu, Th doped oxyfluoride glemsésglass ceramics,
Abstracts of 5th International Workshop on Photoluminescence in Raites BREL4, 2014,
San Sebastian, Spain, 0113.

2. U. Rogulis, I. Brice, E. Elsts, J. Grube, D. Milletsuminescence of Eu ions in
oxyfluoride glasses and glass-ceramics, 12th Russia/ClB/Baftan Symposium on
Ferroelectricity and 9th International conference on Functiona¢fi4ddd and Nanotechnologies
— RCBJSF-2014-FM&NT, 2014, Riga, Latvia, p. 382.

3. A. Antuzevics, U. Rogulis, J. Purans, A. Fedotovs, DzziBs, EPR Spectra of SgF
12th Russia/ClIS/Baltic/Japan Symposium on Ferroelectricity anth@&imnational conference
on Functional Materials and Nanotechnologies — RCBJSF-2014-FM&NT, 2014, |Rityia,
p. 353.

4. A. Fedotovs, Dz. Berzins, U. Rogulis, K. Smits, G. DdkeMedvids, P. Onufrijevs,
Angular Dependence of Recombination Luminescence Detected iEZRRQ Crystal, 12th
Russia/CIS/Baltic/lJapan Symposium on Ferroelectricity and rédrniational conference on
Functional Materials and Nanotechnologies — RCBJSF-2014-FM&NT, 2014, Radyvia, p.
352

5. E. Elsts, G. Krieke, U. Rogulis, K. Smits, R. IgnatahsSarakovskis, Luminescence
of terbium activated NaLaFn oxyfluoride ceramics,12th Russia/CIS/Baltic/Japan Symposium
on Ferroelectricity and 9th International conference on Functionatefals and
Nanotechnologies — RCBJSF-2014-FM&NT, 2014, Riga, Latvia, p. 387

6. E. Elsts, E. Rogulis, K. Bulind s, K. Smits, A. Zolotg, L. Trinklere, K. Kundzis,
Radi cijas defektu pt jumi ar Ce, Eu, Tb aktios oksifluordu stiklos un stikla keramilk, LU

CFI 30. zintnisk s konferences tes, 2014, 7. Ipp.
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7. U. Rogulis, I. Brice, E. Elsts, J. Gre, Eu un Ce luminiscences joslu novietojums
oksifluor du stikla keramiks, LU CFI 30. zintnisk s konferences tes, 2014, 13. Ipp.

8. A. Fedotovs, U. Rogulis, Dz. Bi §, K. Smits, G. Doe, A. Medvids, P. Onufrijevs,
Magn tisk s rezonanses spektri un rekombimatuminiscence ZnO, LU CFI 30. zitnisk s
konferences tes, 2014, 14. Ipp.

9. A. Antuzevis, U. Rogulis, J. Puns, A. Fedotovs, Dz. Bzi §, Sck EPR spektri, LU
CFI 30. zintnisk s konferences tes, 2014, 15. Ipp.

10. O. Kiseova, A. Cvetkovs, U. Rogulis, V.Serga, R. Igmes, ZnCdyx pl no k rti u
p tjumi, LU CFI 30. zintnisk s konferences tes, 2014, 90. Ipp.

MASTER THESIS

Andris Antuzevis, "Skandija fluoda elektronu paramagtisk s rezonanses spektri", mstra
darbs, Rga, LU, 2014.

BACHELOR THESIS

Ingm rs Felcis, "LED modw spektru pt jumi”, bakalaura darbs, Ba, LU, 2014.
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LABORATORY OF OPTICAL SPECTROSCOPY

Head of Laboratory Dr.habil.phys. M.Springis

RESEARCH TOPICS

Synthesis of rare-earth doped fluoride and oxyfluoride nanocompositesesstoidi
radiation energy transfer and relaxation mechanisms in doped nanodesims means of
optical spectroscopy methods; optical spectroscopy of defects ircamaposites including
studies of up-conversion luminescence.

The impact of defects (including radiation) on spectroscopic prepedf several
complex fluorides structures (LaFNaYF,, NalLaFR) was studied. Along with the mentioned
activities a new research topic related to the luminescpracesses in rare-earth (RE) doped
fluoride and oxyfluoride materials was initiated. The studiesoaganized in two directions:
development of synthesis process of different fluoride nanostractarel studies of
spectroscopic properties as well as radiation energy relaxagohanisms in the materials.
Special attention is paid to the studies of up-conversion processtudies of visible or even
ultraviolet luminescence excited by several lower-energy phatossrption.

SiO, based glasses and nanostructured glass ceramics with RE Bopedif*, Tm™)

Lak; nanocrystals were  synthesized.

0.9

20 w ECTmIVD (02571120 molb) Mechanisms of the  up-conversion

o ErTm*/Yb™ (2/1.5/20 mol%s)
A EMTm™/Yb® (1.5/4/20 mol%)

0.8

luminescence in these materials were studied

0.7

0.6

at different temperatures. It was found that in

500
0.5

silicate glass ceramics with LaEr* the
0.4 . . .
main mechanism responsible for the up-
conversion luminescence at room temperature

is excited state absorption while at lower

001260 F0n0— - Ry temperatures energy transfer up-conversion

Up-conversion  luminescence color  calculatedprevails.

according to CIE chromaticity diagram in . 3+
NaLaR:Er*, Tm*, EF* materials excited by laser A synthesis procedure of NalLaRE™ was
diode at 980 nm. Black arrows indicate trends ef

color when the excitation power density is increas

i elaborated and systematic studies of the

material were performed. NaLaBoped with

16



Erof different concentrations reveals characteristi¢* BEuminescence bands. The green
luminescence is the most intensive one in the luminescencewspeéts the concentration of
the activator is increasing, the intensity of all lumimgs® bands changes significantly due to
the cross- relaxation process between the activator ions.

It was concluded, that NaL#RE®*" is a perspective material for efficient up-conversion
luminescence solutions due to its particularly low phonon energy.

The staff of the laboratory is taking part in the preparation apdrsision of practical
works in solid state physics courses for Master students atrtiversity of Latvia (Dr. hab.
phys. M. Springis), supervision of practical works in electriéitr Bachelor students and in
solid state optical spectroscopy for Master students at theetdity of Latvia (M. Sc. J.
Grube). Dr.phys. A. Sarakovskis is a associate professoheatFaculty of Physics and
Mathematics University of Latvia (courses: “Materials Mature and Technics” and

“Spectroscopy of Solid State”).

LABORATORY EQUIPMENT

Picosecond wavelength-tunable laser (EKSPLA) excited luminesaseesurement
equipment with streak-camera (HAMAMATSU). The equipment allavessurement of time-
resolved luminescence spectra at different temperaturels 1800 K) in a broad time range
(50 ps — 10 ms)

Spectrometer (ANDOR) equipped with CCD camera (ANDOR) faditional and up-
conversion luminescence spectra measurements at diffenrapetatures (10 K — 300 K),

excited by Xe lamp or laser diode (808 nm and 980 nm, power upfo 1

SCIENTIFIC STAFFE Students
Dr.hab.phys. Maris Springis K. Strals
Dr.phys. Anatolijs Sarakovskis G. Krie e

A. Ansbergs
PhD Students G. Zageris

M.Sc. Jurgis Grube
M.Sc. Guna Doke

17



SCIENTIFIC VISITS ABROAD

J. Grube (1 week Poland)

COOPERATION

Latvia

Riga Technical University (Prof. A. Medvid).

RTU Institute of Nonorganical Chemistry (Dr. J. Grabis, DrJankovica).
Switzerland

University of Bern, Department of Chemistry, Bern (PKafKraemer)
Russia

The Joint Institute for Nuclear Research, DuffPf. G. Arzumanyan)
Institute of Spectroscopy, Russian Academy of sciencessKr@ttof. M. Popova)
Finnland

Optoelectronics and Measurement Techniques Laboratory,Universtbylof
(PhD, D.Sc.Alexey Popov).

MAIN RESULTS

NalLaF; MATRIX MULTI SITE NATURE IMPACT ON Er ** LUMINESCENCE
J. Grube, G. Doke, A. Sarakovskis, and M. Springis

Different kinds of materials doped with rare-earth (REments often serve as up-
conversion (UC) luminescence sources. One of the requirerferthe high UC luminescence
efficiency is low material phonon energy, other — existencetes$ svthere RE ions can freely
incorporate within the lattice. Previous studies have shown MWelLaFR, meet these
requirements [1]. In this work we will show NaLafatrix multi site nature impact on Er
luminescence.

Spectroscopic measurements at low temperature (10K) were dahe fdalak doped
with EF* (2mol%). Characteristic Br luminescence bands were observed. Combined

18



excitation-emission spectroscopy (CEES) for the dominant graemdscence band shows
different luminescence spectra which proves the multi siter@adf crystalline lattice where
Er* can incorporate. Excitation spectra show sharp peaks caused lijomamestween energy
levels multiplet from ground state to one of the excitate@.skataddition to each of this sharp
peaks broad excitation band at the shorter wavelength side ofpsakp appears. For some of
the luminescence peaks luminescence decay kinetics shows notdedgyang part but also a
rising part suggesting an energy transfer processes beEréen
Based on the experimental results the impact of the mutnsiture of NaLafon EF*

luminescence is discussed.

IMPACT OF Er ** CONCENTRATION ON LUMINESCENCE IN NaLaF 4
J. Grube, A. Sarakovskis, G. Doke, M. Springis

NalLaF4 doped with Er3+ of different concentrations was syntteksTde luminescence
spectrum for NalLaF4:Er3+ (0.2 mol%) at 489nm excitation revealsactesistic Er3+
luminescence bands in the green (540 nm), red (660 nm) and infrareah(®&@ectral regions.
The green luminescence band originated from the 4S3/2115/2 transition is the most
intensive one in the luminescence spectrum. As the concentodtiba activator is increasing,
the intensity of all luminescence bands changes significaritlg. super-linear increase of the
infrared luminescence intensity with increasing Er3+ concentrats well as the quenching of
green luminescence at the concentrations exceeding 2 mol% cdtrilngtesl to the cross-

relaxation process between the activator ions.

EXAMINING TEMPERATURE INFLUENCE ON Er 3"
LUMINESCENCE IN NaLaF ;MATRIX
J. Grube, G. Doke, G. Krieke, A. Sarakovskis, M. Springis

Different kinds of materials doped with rare-earth (RE) elet®m often serve as

upconversion (UC) luminescence sources where photons with loweayyefusually IR) are
converted into higher energy photons (VIS, and UV). One of the reqgirts for the high UC

19



luminescence efficiency is low material phonon energy, other stegde of sites where RE
ions can freely incorporate within the lattice. Previous studée® shown that NalLafeets
these requirements [1]. Different green luminescence spegider various excitation
wavelength are observed at low temperature (15K) clearly atidge multisite nature of
NaLaR. At room temperature (300K) such significant differencesimithescence spectra are
not observed. Therfore in this work we will show temperatureuenite on NalLafEr:
luminescence. In this report spectroscopic measurementsexediftemperatures (15K-300K)
for NaLaR doped with Br (0.1 and 2 mol%) will be shown. Variations of the shape of the
green luminescence (origin frof8s/2 to ‘l1s2 transition) were observed when temperature was
increased. In addition, variation in green luminescence decayids at different temperatures
depends on Erconcentration. For the low Econcentration (0.1 mol%) green luminescence
decay kinetics remains nearly unchanged at different tempesafL5K-300K), but at higher
Er+ concentration (2 mol%) significant variations in the kineticsh& green luminescence
decay are observed. Based on the experimental results tempargtace on Er spectroscopic

properties in NaLafwill be discussed.

INFLUENCE OF DIFFERENT CRYSTAL FIELD ENVIRONMENTS O N THE
LUMINESCENCE OF NaLaF 4Er3*
A. Sarakovskis, G. Krieke, G. Doke, J. Grube, L. Grinbargi M. Springis

Low phonon energy of the matrices and multisite nature ofrjfstatline lattice make
complex fluoride materials attractive for the upconversion lunoegrese. The aim of this work
has been to study multisite formation in NaLaF#:&nd the influence of the multisite structure
on the luminescence processes in the material. The resuksvdérmperature site-selective
spectroscopy measurements in hexagonal NaLaF4:®ill be shown. Three distinct
luminescence spectra in the green spectral region assbaciatie 4Sy2 Ylls, electronic
transition could be extracted under the photoexcitation at diff@@sitions corresponding to
the excitation of*F;;, level of EF™ It was possible to model the experimentally obtained
luminescence spectra at any excitation wavelength by a limeabication of the extracted
spectra with a tolerance better than 5%. The results of tdwsedective spectroscopy suggest

the presence of three different crystalline field environmestisre E¥* ions incorporate. The
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analysis of the structure of the material and time-resoluatdnkescence have been used to
differentiate between cationic sites withy @1d Gn symmetries in the structure of NalaF
available for Ef" incorporation. Site-selective excitation of*Efocated at a specific site
induced energy transfer to erbium ions located at other sites basobserved in both the
upconversion and traditional luminescence processes. The enhancpdtemesfer between the
different sites in NaLaF4:Ef signifies the importance of multisite nature of the structure

which is a key factor for an efficient upconversion lumineseenc

NaLaF4 MATRIX MULTI SITE NATURE IMPACT ON Er ¥*
LUMINESCENCE
J. Grube, G. Doke, A. Sarakovskis, M. Springis

Different kinds of materials doped with rare-earth elemefien serve as upconversion
luminescence sources. One of the requirements for the high uprsionvéuminescence
efficiency is low material phonon energy, other — existence of siteere rare-earth ions can
freely incorporate within the lattice. Previous studies hstvewn that NalLaF4 meet these
requirements [1]. In this work we will show NaLaF4 matrix mslte nature impact on Er3+
luminescence.

Spectroscopic measurements at low temperature (10K) were ataihe NalLaF4 doped
with Er3+ (2mol%). Characteristic Er3+ luminescence bandse wdrserved. Combined
excitation-emission spectroscopy for the dominant green luminesdemad shows different
luminescence spectra which proves the multi site nature ofattiystlattice where Er3+ can
incorporate. Excitation spectra show sharp peaks caused by transitieebenergy levels
multiplet from ground state to one of the excitated state. Irtiaddd each of this sharp peaks
broad excitation band at the shorter wavelength side of shaks pgpears. Based on the
experimental results the impact of the multi site natdrdlalaF4 on Er3+ luminescence is

discussed.
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Eu AND Ce LUMINESCENCE BAND POSITIONS IN OXYFLUORID E
GLASS-CERAMICS
U. Rogulis, I. Brice, E. Elsts, J. Gre

Cerium Ce3+ and europium Eu2+ activator ions in the oxyfluoride glasskglass-
ceramics show broad luminescence bands with their maxima biudespectral region. Eu3+
luminescence lines could be observed in the red region. The luemoesmtensity of several
oxyfluoride compositions is comparable with the intensity of commastidae LED phosphors
[1].

Eu and Ce Iluminescence band positions in the oxyfluoride glass-ceraane
determined by the composition of the oxide glass matrix, dsasidoy the fluoride crystallites.
The concentration and size of the fluoride crystallites could deed/ by appropriate
temperature procedures. By varying the annealing temperaalsesthe relative intensities of
the Eu2+ and Eu3+ luminescence bands can be changed. These pessibilite luminescence
band position variations will be discussed, concerning the improveshéiné spectrum of the

oxyfluoride glass-ceramics to adjust it to one of the whiget Istandards.

MAGNETIC RESONANCE SPECTRA AND RECOMBINATION
LUMINESCENCE IN ZnO
A. Fedotovs, U. Rogulis, Dz. Bzi §, K. Smits, G. Doe,
A. Medvids, P. Onufrijevs

Zinc oxide is known as a promising material for production of optdrelec
semiconducting devices. It is possible to obtain structural chamgesse samples using laser-
treatment which could be detected in the recombination lumines@@hgespectra. It has been
observed that in the laser-treated ZnO sample RL consigtgoobands (630nm and 740nm)
with different decay times. All bands detected in the RL-Hfefong to the RL band with
slower decay time. Using modulation of microwaves (PL-ERR}¥ possible to observe one
donor band which does not appear in the RL-EPR spectra. The dd¢ctEPR spectrum has a

pronounced angular dependence. The EPR measurements show pressmoe dfansition
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elements in the investigated samples. The mechanisms &Lthe the laser-treated samples

will be discussed.

SCIENTIFIC PUBLICATIONS

J. Grube, A. Sarakovskis, G. Doke, M. Springisimpact of Er3+ Concentration on
Luminescence in NaLaF4. Latvian Journal of Physics and Tediitences, 2014, N3, pp.
42-50.

POPULAR SCIENCE PUBLICATIONS

A.Sarakovskis New luminescent materials are syntesized.lllustratéeh8e, 2014, Nr.103,
p.10.
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1. J. Grube, G. Doke, A. Sarakovskis, and M. Springis. NaMgidx Multisite Nature Impact
on Er3+ Luminescence. Abstracts, p.9.
2. U. Rogulis, I. Brice, E. Elsts, J. Gxe. Eu and Ce Luminescence Band Positions in
Oxyfluoride Glass-Ceramics. Abstracts, p.13.
3. A. Fedotovs, Dz. Berzins, U. Rogulis, K. Smits, G. D&kdyledvids, P.
Onufrijevs.Magnetic Resonance Spectra and Recombination Lureimeesm ZnO. Abstracts,
p.14.

International conference “Functional materials and nanotechnologig’ FM&NT,
Riga, Latvia, 2014, September 29 — October 2.
4. J. Grube, G. Doke, G. Krieke, A. Sarakovskis, M. Spririgiamining Temperature

Influence on Er3+ Luminescence in NaLaF4 Matrix. Book of Alostrgp. 37
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5. A. Sarakovskis, G. Krieke, G. Doke, J. Grube, L. GrinbarghM. Springis. Influence of
Different Crystal Field Environments on the LuminescenddaifaF4:Ef". Book of Abstracts,
p. 376.

International conference on Luminescence, Wroclaw, Poland2014, July 13-18.
6. J. Grube, G. Doke, A. Sarakovskis, and M. Springis. NaLa&4i®vMultisite Nature Impact
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BACHELOR THESIS

Martins Osis. ,Up-conversion Luminescence of'Edoped Oxyfluoride Glass and
Glass-Ceramics”, supervisor Anatolijs Sarakovskis.

J kabs Narvaiss. "Influence of Synthesis Atmosphere on theddpersion
Luminescence in NaLafEr** Material", supervisor Guna De.

Kri§j nis Kirilovs.,Multiphoton excited Luminescence of ¥tand Tni" doped NalaF

Matrix”, supervisor Jurgis Grube.
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LABORATORY OF WIDE BAND GAP MATERIALS

Head of Laboratory Dr. hab. phys,.Assoc. prof B. Berzina

RESEARCH AREA AND POSSIBILITIES

The research interests of our laboratory are focusedyltrinduced processes and
defect luminescence in wide band gap materials such asolpgritrides, oxides and others
available in form of bulk and nanosize structures. The spettteahcterization of materials is
realized in order to reveal:

defect-induced luminescence mechanisms as well as the ditettre and behavior in

material;

processes of energy transfer between defects and host lattice

influence of material size on luminescence properties (maerasid nano-structures in

1D, 2D and 3D forms);

estimation of practical applications of the materials for theé light dosimeters, gas

sensors, UV and visible light emitters;

elaboration of new materials for oxygen gas sensing;

estimation of surface defect luminescence.

The research includes different spectral charaatems of materials in temperature
range 8 K — 300 K, such as absorption spectra within the speatigeé 190 nm — 1100 nm,
photoluminescence spectra (250 nm — 1500 nm), its excitation spéatn@escence

polarization and optically and thermally stimulated luminescence.

SCIENTIFIC STAFF: Students - Technicians:

1. Paula Jankovska, student,

1. Baiba Berzina, Dr.hab.phys, senior 2. Ivo Megnis, student
researcher, head of lab.

2.Laima Trinkler, Dr. phys., senior

researcher,

3. Valdis Korsaks, Dr. phys., researcher.
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COLLABORATIONS

Latvia
Laboratories and departments of ISSP University of LaWis.(J.Maniks, D.Millers,
V.Skvortsova, L.Skuja, K.Kundzins, L.Grigorjeva, Y. ZhukovskEi Piskunov).
Institute of Inorganic Chemistry, Riga Technical UnivergRyof. J. Grabis).
Institute of Technical Physics, Riga Technical Univerfsofs. A.Medvid, M.Knite).
Lithuania.
Institute of Applied Research, Department of Semiconductor Optoahécs,
Vilnius University, Vilnius (Drs. K. Jarasiunas, P.Scaev),
Center for Physical Sciences and technology, Optoelectroniestaemt, Vilnius (Drs
R.Nedzinskas, S.Tumenas)
Taiwan
National Taiwan University, Taipei (Profs. Li-Chyong Chen, Kidsien Chen),
National Sun Yat-Sen University, Department of Materials@ptbelectronic Science
Kaohsiung, Taiwan (Drs. M. M. C. Chou, L. W. Chang)
Romania
“Raluca Ripan” Institute for Research in Chemistry, Babelyai University, Cluj-Napoca,

Romania (Dr. L. E. Muresan)

MAIN INVESTIGATIONS AND RESULTS

SPECTRAL CHARACTERIZATION OF AIN NANOPWDER
L.Trinkler, B.Berzina, V. Korsaks?.Jankovska

Spectral characteristics of AIN nanopowder synthdsim Institute of Inorganic
Chemistry, Riga Technical University were studied in otdeexamine the sensing properties
of the material for oxygen gas. Luminescence spectra (PL)atérral under excitation with
light from the ultraviolet region at different temperatunese studied. Besides the well-known
luminescence at 380 nm — 400 nm caused by oxygen- related defectsst@naeeat 420 nm

was also observed, which possible could be related to defes#d ba nitrogen vacancies. It
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was found that the intensity of 420 nm luminescence is maxirhah \the sample is in vacuum,
but this intensity considerably decreases, when sample is surrouitdexygen gas or oxygen
containing gases, demonstrating oxygen sensing properties of alumitniaiey nanopowder.

These studies were performed within a support of Eumopeaject ERDF
2014/0047/2DP/2.1.1.1.0/14/APIA/VIAA/007.

SPECTRAL CHARACTERIZATION OF HEXAGONAL BORON NITRID E
B. Berzina, L.Trinkler, V.Korsaks

Spectral characteristics of hBN powder were studied includiagoluminescence (PL)
and its excitation (PLE) spectra within a wide spectralomegnd temperature range (8K —
300K). From the complex luminescence spectra observed a Spémiast was dedicated to the
native defect-induced blue luminescence (BL) at 380 nm forminge g@mnon assisted sub-
bands due to its sensitivity to presence of oxygen gas surroundingtegal. The BL kinetics
and material absorption within the infrared spectral regionevadso studied. The results
obtained allowed to propose the BL mechanisms in hBN. There as@lgosvo mechanisms
coexisting and originating the BL. One of them is intra-centerinestence mechanism
realized under direct excitation of the luminescent defebemwoptical absorption/excitation
and the following emission occur within one and the same luminedeéett. The second one
is the recombination mechanism, when at least two differeféctde are involved in
luminescence formation and the luminescence process can betehaed with interaction of
the donor-acceptor center pairs (DAP). The nitrogen vacaao@$ centers are considered as
possible candidates originating the BL.

These studies were performed within a support of European tpr&g&DF
2014/0047/2DP/2.1.1.1.0/14/APIA/VIAA/O07
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LUMINESCENCE PROPERTIES OF ZnO/LiGaO »
L.Trinkler, B. Berzina, V.Korsaks

Nonpolar m-plane ZnO epilayers and ZnOA.ag,O multiple quantum wells grown
on LiGaQ substrate by plasma-assisted molecular beam epitaxy weredstoglimeans of
photoluminescence and polarized luminescence in the 10-300 K themgal tawas found
that PL spectra of all studied ZnO/LGO samples contain tworrbands — one of them in the
region 400-900 nm (3-1.5 eV), called “green” band and ascribedéoctdgfresent in ZnO, such
as basic stacking faults and others, and another — around 370 nm (3.2alked)“blue” band
and ascribed to exciton emission. Contrary to epilayer sampdeaatérised with exciton band
position at 3.2-3.25 eV, the sample with 5-period ZnO (1.1 nm}&tyo 450 (0.6 nm) multiple
quantum wells exhibits a strong emission at 3.65 eV (at 10K), iresudtom the positive
guantum confinement effects and the absence of internal polaniZetids. PL of all samples is
polarized in the whole studied spectral range (1-4 eV), the imeséesting being the region of
the exciton band. Polarization rate and sign varies from samm@anple, depending on its
structural orientation and decreases with temperature rise.

These studies were performed within a support of the Latvian-lotAodaiwan
project “Nonpolar ZnO thin films: growth-related structural and optical priggt No. LV-
LT-TW/2015/3.

SCIENTIFIC PUBLICATIONS

1. L.Trinkler, B.Berzina, Localised transitions in luminescence of AIN ceramics. (2014)
Radiation measurements, 71, pp. 232-236.

2. L.Trinkler, B.Berzina, Recombination luminescence in aluminum nitride ceramics (2014)
Physica Status Solidi (B) Basic Research, 251 (3), pp. 542-548.

3.A.Sutka, R.Parna, J.Kleperis, T.Kaambre, |.Pavloveképrsaks, K.Malnieks, L.Grinberga,
V.Kisand,Photocatalytic activity of non-stoichiometric ZnFe204 under vidighe irradiation.
Phys. Scr. 89 (2014) 044011 (8pp)

Volume 89, Issue 4, April 2014, Article number 044011
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4. L.Trinkler, B.Berzina, E.PalcevskisAIN Ceramics from nanosized plazma processed
powder, its properties and application. Chapter in Book: Nitriderdiesa Combustion
synthesis, properties and applications. Ed. by A.Gromov and L. Chukhlomileg-VCH,
2014, pp.265-293.

LECTURES ON CONFERENCES

30th Scientific Conference of Institute of solid State Physs, University of Latvia,

February 19-21, 2014, Riga, Latvia

1. L.Trinkler, B.Berzina . Localised transitions in luminescence of AIN ceramics. Book of
Abstracts, p.16.

2. E.Elsts, U.Rogulis, K.Bulid s, K.Smits, A.Zolotarjgus.Trinklere , K.Kundzi S. Studies of
radiation defects in Ce, Eu,Tb doped oxyfluoride glasses and gtassice Book of Abstracts,
p.7.

3.V.Skvotsova, N.Mironova-Ulmang, Trinkler , V.Merkulov. Chromium and iron ions optical

properties of topaz and beryl crystals. Book of Abstracts, p.8

Joint 12 Russia/CIS/ Baltic/Japan Symposium on Ferroelectrigi and 9" International
Conference Functional Materials and Nanotechnologies, Riga, Sephber 29-October 2,
2014.

4. T.Yan, C.Y.J.LuL.Trinkler, B.Berzina, V.Korsaks, L.Chang, M.M.C.Chou, K.H.Ploog,
Nonpolar ZnO epilayers and ZnO/ZMg,O multiple quantum well grown on LiGa®y
Molecular beam epitaxy. Book of Abstracts, p. 240.

5. P.Sajev, R.Nedzinskas, S.TumenasTrinkler, B.Berzina, V.Korsaks, M.M.C. Chou,
L.W.Chang, L.C.Chen and K.H.Chen, Electronic properties of pahnanpolar ZnO films on
LiGaO,. Book of Abstracts, p.369.

6. R.Nedzinskas, A.Rimkus, A.Balinas, S.Tumenas, P&ev,L.Trinkler, B.Berzina,
V.Korsaks, M.M.C.Chou, L.W.Chang, L.C.Chen and K.H.Chen, Optical propedigolar
and nonpolar ZnO films on LiGaOBook of Abstracts, p.365.

7.V. Skvortsova, N. Mironova-Ulmank, Trinkler, V. Merkulov. Optical Properties of

Natural and Synthetic Beryl Crystals. Book of Abstracts, p.373.
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8. B. Berzina, V. Korsaks, L. Trinkler, R. Kirsteins, M. Knite, and J. GrabifAIN Based
Composite — White Light EmitteBook of Abstracts, p.389.
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LABORATORY OF SEMICONDUCTOR OPTOELECTRONICS

Head of Laboratory Dr.phys. B. Polyakov

RESEARCH AREA AND MAIN PROBLEMS

1. Engineering, synthesis, and functional processing of advanced 0D ambdi®
nanostructures. Scanning probe and electron microscopy characiarafatanomaterials.

2. Development of nanomechanical tests for 1D nanostructures and tgymsilaf
their mechanical properties, prototyping of nanodevices.

3. Synthesis of inorganic nanocrystals, nanotubes, and nanowires for photonics,
electronics and biomedicine. Investigation of their structogalical, and other properties.

4. Spectrochemical characterisation and depth profiling of plasciag
components of the thermonuclear fusion reactors by means ofindseed breakdown

spectroscopy (LIBS).

SCIENTIFIC STAFF

Dr. Habil. Phys. I. Tale PhD Students
Dr. Phys. P. Kulis M. Sc. G. Marcins

Dr. Phys. J. Butikova

Dr. Phys. L. Dimitrocenko Students
Dr. Phys. B. Polyakov B. Sc. E. Butanovs

Dr. Phys. A. Voitkans B. Sc. J. Zideluns

Dr. Phys. S. Vlassov (visiting researcher)

M. Sc. J. Jansons

COOPERATION

Latvia

Joint stock company “Alfa”

Institute of Biomedical Engineering and Nanotechnologies, Régdafiical University
G. Liberts Innovative Microscopy Center, University of Daygisv

Germany
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University of Rostock, Rostock

Company “Aixtron”, Aachen

Max Plank Institute of Plasma Physics, Garching
Estonia

Institute of Physics, University of Tartu

Estonian Nanotechnology Competence Centre, Tartu

MAIN RESULTS

HYBRID AG-SIO ; CORE-SHELL NANOWIRES
S.Vlassov, B. Polyakov, L.M. Dorogin, M.Vahtrus, M.Antsov,LRhmus

The combination of two different materials in a single compositee—shell
heterostructure can lead to improved or

even completely novel properties. In thEEEELEEEY

work we demonstrate the enhancems Ag core

of the mechanical properties of silve
(Ag) nanowires (NW) achieved b

coating them with a silica (SiO2) shek

In situ bending test
Fig. 1. In situ bending tests of ~SiO2 cor+shell nanowire
as waveguides for plasmon propagation

using sol-gel method. Ag NWs can serve

in nanophotonics. In nanophotonics, a significant degree of bendingnsedfeired in order to
guide the light in the desired direction, which may cause crackatmon in Ag NW, and
strongly disturb plasmons propagation. In situ scanning electron roE®s (SEM)
nanomechanical tests of Ag SiO2 core—shell nanowires reveaharoved fracture resistance
and an electron-beam induced shape restoration effect. Shapmtr@stwas shown to be a
phenomenon exclusively inherent to core—shell heterostructures, and abgemefAg NWs or
SiO2 shells separately. Shape restoration was explainetessreinduced structural relaxation
of the SiO2 shell governed by elastic forces generated ljefioemed Ag core. Test conditions
were simulated using FEM (finite element modelling), and Yleeame value of e-beam induced

viscosity of the shell = 7 x 13" Pa-s was extracted by fitting simulated relaxation curves wit
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experimental data. The stresses in the core of core—shaliN¥énding experiments can reach
to 15 GPa without visible fracture, in contrast to uncoated Ag NWIh start to fracture at a
stress of 8.5 GPa. According to FEM simulations, the shell caupelathe mechanical stresses
in the core in the vicinity of the contact with a stiff substeatd mitigate the plastic yield in the

core.

MECHANICAL PROPERTIES OF SOL-GEL DERIVED SIO , NANOTUBES
B. Polyakov, S. Vlassov, R. Zabels, L. M. Dorogin, M. AntsR. Lohmus

The mechanical properties of thick-
walled SiO2 nanotubes (NTs) prepared by \

sol-gel method while using Ag nanowire \ \; \“‘
(NWs) as templates were measured by us ' “ \_ " N
SEM

FEM simulations

. A

AFM Nanoindentation

different methods. It is important to measu

mechanical properties of nanostructures

set of different method to possible exclu

Cantilevered beam
bending

Three point bending

errors - specific for every measurement Fig. 2. Nanomechanical tests of sol-gel derived2SiO

technique. In this work we measured the nanc::ﬁggﬁlligﬁcs):négxlj’i-n%og:‘thbz:ifn-grsgpteensc;éﬁignotube
Young's modulus of SiO2 nanotubes by inside SEM [2].

using three different methods. Half-suspended bending tests weesl caut inside a SEM by
using a nanomanipulator equipped with force sensor. The averageotaéheeYoung modulus
was found to be 24.5 + 11.1 GPa. Unexpectedly, significant plasticByO2 nanotubes was
observed for inside SEM in situ measurements. AFM nanoindentatiotih@edpoint bending
tests were performed on the same set of NTs under amiieditions, resulting in values of
20.1 + 7.5 GPa and 41.3 + 5.8 GPa, respectively. Finite elenathbdhsimulations were used
to extract Young’'s modulus values from the nanoindentation data. lifgdésded and three-
point bending tests were processed in the framework of linesticéla theory. Three-point
bending tests were found to be the most appropriate method for meashei Young's
modulus of sol—gel synthesized SiO2 NTSs.



SYNTHESIS OF NANOCRYSTALS, NANOTUBES AND NANOWIRES FOR
PHOTONIC AND BIO APPLICATIONS
B. Polyakov, A. Kuzmin, R. Zabels, K. Smits, J. ButikovaK&lis

Metal nanoparticles and nanowires are novel and perspective at@niafs having wide
range of possible applications. These materials can be syatiasing simple wet chemical

methods. Metal nanoparticle

nanotubes and nanowires (Ag and
can be wused in photonics
plasmonics, for single or double photc

. . s Cee
luminescence  yield enhancemerg» “flf*

:

photon absorption enhancement in so%é@g
cells, etc. 8.
&
We synthesized semiconducting Fig. 3. TEM images (Au — mesoporous SiO2 nanopartic
nanocrystals (CdS, PbS, ,Bi) and synthesized by wet chemical method

metal nanoparticles (Au, Ag, Pd),

nanotubes (Au-Ag) and nanowires (Au, Ag, Cu) as well as hybrid ¢@le{s\u / mesoporous
SiO, nanoparticles), investigated their morphology by SEM and internaitste using TEM

microscopy. Currently we are working on doping by rare earth elsmséict shell in core-shell
nanostructures system for biomedical applications and nanophotonigsetvtan sputtering
technique was applied to prepare ZnO-Wé&nd CuO-WQ@ core-shell hybrid nanowires.
Subsequent thermal treatment used to induce interdiffusion and sédictiséanical reactions,

where copper or zinc tungstates are produced.

PREPARATION OF EFFICIENT PFC OPERATION FOR ITER AND DEMO: POST-
MORTEM ANALYSIS AND MATERIAL MIGRATION. QUALIFICATI ON OF
LASER-INDUCED BREAKDOWN SPECTROSCOPY

J. Butikova, A. Voitkans, P. Kulis, I. Tale

The studies of material modification under plasma exposure gerEsite expertise
with regard to plasma-facing component (PFC)-related questiorature fusion reactors.

Laser-Induced Breakdown Spectroscopy (LIBS) is an analytical meftaidaining the surface
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N NAYAG laser
1) 1064 nm

distribution of elements. This powerful tool

spectrochemical analysis provides both the elen ¥ (I toxng
Yy, i \, nm
depth profiling and the content layer-by-layer imagir et \'\.‘ > Z
We have developed a 2D scanning LIBS s \ « ==

Spectograph e —

in order to visualise a spatial distribution of the elen

on the round robin and plasma-exposed samples. Fig. 4. Set-up for double-pulse LIBS
o . experiments
Currently, it is possible to analyse an area of 1 x § mm
of the surface, with the diameter of ablation crater of ~ 26&o0 that the ablation rate remains
below 100 nm per pulse. The energy of used 1064 nm laser pulse is ~@0mphring to the
standard LIBS, the 2D scanning method has allowed improving theiggnsignificantly. The
future plans include developing the procedures for deuterium spmuisosas well as

performing the double-pulse LIBS experiments.

SCIENTIFIC ARTICLES

1. S.Vlassov, B.Polyakoy L. M. Dorogin, M. Vahtrus, M. Mets, M.Antsov, R. Saar,EA
Romanov, A.L6hmus, and R.L6hmus. Shape Restoration Effect i®8i@g CoreShell
NanowiresNano Lettersl4, 2014, 5201 5205.

2. B.Polyakov, M.Antsov, S.Vlassov, L.Dorogin, M.Vahtrus, R.Zabeld,ahge, R. L6hmus.
Mechanical properties of sol-gel derived Si@anotubesBeilstein Journal of Nanotechnolagy
2014, 5, 1808-1814.
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I.Kink. Elasticity and yield strength of pentagonal silver nancsvii@ situ bending tests,
Materials Chemistry and Physic¥43, 1026-1031, 2014.
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Nanoscale Research Letteds186, 2014.

5. B.Polyakov, S.Vlassoy L.Dorogin, J.Butikova, M.Antsov, S.Oras, |.Kink, R.L&dhmus.
Manipulation of nanoparticles of different shapes inside a scannegwren microscope,
Beilstein Journal of Nanotechnolog§y 133—-140, 2014.
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6. M.Antsov, L.DoroginS.Vlassov, B.PolyakoyK. Mougin, I.Kink, R. L6hmus. Analysis of
elastic and static friction forces in a nanowire bent onat dlirface: a comparative study,
Tribology International 72, 31-34, 2014.
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DEPARTMENT OF PHOTONICS AND MATERIAL PHYSICS

Head of Department Drhabil.phys. D.Millers

SOLID STATE RADIATION PHYSICS LABORATORY

Head of laboratory Dr.habil.phys.L.Grigorjeva

RESEARCH AREA AND MAIN RESEARCH TOPICS

The time-resolved luminescence and absorption methods were oisezlettronic
properties studies of single crystals, ceramics, nanostatcaterials.

Excitation sources a pulsed electron beam accelerator (10 ns, 270 ke¥, 10
electrons/pulse), YAG:Nd and nitrogen lasers (266 nm and 532 nm,38hsm, 10ns); for
steady state luminescence spectra and radiation deéattoer X-ray source and 980 nm laser
diode were used. TSL methods were developed.

Steady state and time resolved absorption spectroscapyIS-UV absorption
spectrometer LABOMED for measurements in 190-1100 nm range. FRbD$drption
spectroscopy: EQUINOX 55 (10000—400'&mnd 22000-7000 c'r]nspectral regions) developed
also for dispersed materials in wide temperature range.

Luminescence measurements. The luminescence was measured through
monochromator MDR-3 with  HAMAMATSU H8259 photon counting head and photon
counting board FastComTech module P7887 with 500 channels. The mimradlins is 250
ps. The laser frequency and time bins can be adjusted. The soemoe spectra were recorded
using the Andor Shamrock B-303i spectrograph equipped with CCD cameRQRNDU-
401A-BV). The luminescence measurements will be carri¢ehaperature regions 8-300K and
300K-500K.

TSL and FGT methods. The temperatureegimes are easy realized by using special
programs. The activation energies was calculated by Hoogerstraand fraction glow

methods.
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SCIENTIFIC STAFF Students
Dr.habil.phys. D.Millers M.Vanks,

Dr.habil.phys. L.Grigorjeva
Dr.K.Smits

A.Zolotarjovs

MAIN RESULTS

LUMINESCENCE PROPERTIES OF ZIRCONIA NANOCRYSTALS PR EPARED BY
SOLAR PHYSICAL VAPOR DEPOSITION
K.Smits, L.Grigorjeva, D.Millers, K.Kundzins, R.lgnatadsGrabis, C.Monty.

Zirconia nanocrystals have attracted considerable interebtokbels, which can be
used as probes for medical imaging and biosensor applications. elpvzénconia particle
agglomeration forms a major limitation to its use for bioledgelIn this backdrop, for the first
time, well-separated zirconia nanocrystals were obtained hbeliotron reactor (PROMES
CNRS, France) via the solar physical vapor deposition (SPV@&@had. As the raw material
target for solar evaporation, zirconia nanopowders obtained visothgel process were used.
The luminescence and upconversion luminescence properties of tBelSwnopowders were
compared with those of the SPVD nanocrystals. Erbium was choske asninescence center
with ytterbium as the sensitizer, and along with these two dopaiotsium was also used.
Niobium acts as a charge compensator to compensate for deptetioe charge due to the
introduction of trivalent erbium and ytterbium at tetravalercariium sites. Consequently, the
oxygen-vacancy concentration is reduced, and this results in dicsighiincrease in the
upconversion luminescence.

The SPVD-prepared samples showed less agglomeration andcyfie structure as
well as high luminescence, and thus, such samples can be ofirgezast for biolabeling
applications.
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Schematic of Heliotron reactor (left panel) andpit®tograph (right panel).

THE ROLE OF Nb IN INTENSITY INCREASE OF Er ION UPCO NVERSION
LUMINESCENCE IN ZIRCONIA
K. Smits, A. Sarakovskis, L. Grigorjeva, D. Milleesxd J. Grabis

It is found that Nb co-doping increases the Iluminescence and upconversion
luminescence intensity in rare earth doped zirconia. Er and Yb-dapextrystalline samples
with or without Nb co-doping were prepared by sol-gel method anth#tiigrannealed to check
for the impact of phase transition on luminescence propertiese Rloagposition and grain
sizes were examined by X-ray diffraction; the morphology eveecked by scanning- and high-
resolution transmission electron microscopes. Both steadyastdteéme-resolved luminescence
were studied. Comparison of samples with different oxygen vscaonocentrations and
different Nb concentrations confirmed the known assumption that oxygemaias are the
main agents for tetragonal or cubic phase stabilization. Theeaxygcancies quench the
upconversion luminescence; however, they also prevent agglomeshateme-earth ions and/or
displacement of rare-earth ions to grain surfaces. It is fourtdcthdoping with Nb ions
significantly (>20 times) increases upconversion luminescenogensity. Hence,

ZrO2:Er:Yb:Nb nanocrystals may show promise for upconversion applications
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THERMALLY STIMULATED LUMINESCENCE OF UNDOPED AND Ce *'-DOPED
Gd,SiOs AND (Lu,Gd),SiOs SINGLE CRYSTALS
V. Bondar, L. Grigorjeva, T. Karner, O. Sidletskiy, K. 8nS. Zazubovich, A. Zolotarjovs.

Thermally stimulated luminescence (TSL) characterificSL glow curves and TSL
spectra) are investigated in the 4-520 K temperature rangfeefeingle crystals of gadolinium
and lutetium—gadolinium oxyorthosilicates X-ray irradiated at 8 K, or 80 K. The nominally
undoped GgBiOs and (Lu,Gd)SiOs crystals, containing traces of CeTb**, and Ed* ions, and
Ce**-doped G@SiOs and (Lu,GA)SiOs crystals are studied. For the first time, the TSL glow
curves of these materials are measured separately foletteor (intrinsic, C&- or Tb**-
related) and hole (Eitrelated) recombination luminescence, and the TSL glow curakspe
arising from thermal decay of various electron and hole cgrdaes identified. Thermal stability

parameters of the electron and hole traps are calculated.
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SCIENTIFIC VISITS ABROAD

1. Dr.habil.phys.L.Grigorjeva, Estonia (5 days)
2. Dr.K.Smits. Germany (5 days).

3. Dr.K.Smits, France, PROMES, 2 weeks.

4. A.Zolotarjovs, France, PROMES, 2 weeks.
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5. Dr.L.Grigorjeva, France, PROMES, 2 weeks.

6. A.Zolotarjovs, Wroclaw, Poland

COOPERATION

Latvia

Riga Technical University, Institute of Inorganic Chemigy.habil.sc.ing. J.Grabis).

LU Institute of Microbioligy (M.Gavare, J.Liep$)

Estonia

Institute of Physics, Tartu (Dr.S.Zazubovich, Dr. 1.Sildos))

Russia

GIREDMET, Moscow (Pr. I.S Lisitskii)

St.Peterburg, Prof. P.Rodnyi, E.Gorohova, K.Chernenko.

Poland

Institute of High Pressure Physics, PAN, Warszawa, PqRal.W.Lojkowski,)

France

CNRS Processes, Material and Solar Energy Laborator (HS), Odeillo
(Dr.C.Monty)

Shanghai Institute of Technology (SIT), Dr. Jiayue Xu.

SCIENTIFIC PUBLICATIONS

K.Smits, L.Grigorjeva, D.Millers, K.Kundzins, R.lgnatans, J.Grabis, C.Monty.
Luminescence properties of zirconia nanocrystals prepared lnypsgisical vapor
deposition.2014, Opt.Mat. V.37, 256-261. DOI: 10.1016/ j.opt.mat.2014.06.003.

K. Smits, A. Sarakovskisl.. Grigorjeva, D. Millers and J. Grabis. The role of Nb in
intensity increase of Er ion upconversion luminescence in zirdowippl. Phys. 115, 213520
(2014). DOI: 10.1063/1.4882262.

V. Bondar, L. Grigorjeva, T. Karner, O. SidletskiyK. Smits, S. Zazubovich,
A. Zolotarjovs. Thermally stimulated luminescence of undoped anti-Geped GeSiOs and
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(Lu,Gd)SiOs single crystals. Journal of Luminescence, v. 159, 2014, 229-237. DOI
10.1016/j.jum.2014.11, 034.

A.N. Trukhin, K. Smits, G. Chikvaidze, T.l. Dyuzheva, L.M. Lityagina. Luminescence
of rutile structured crystalline silicon dioxide (stishovit8hlid State Communications, v. 189,
2014,10-14. DOI: 0.1016/j.ssc.2014.03.010.

J. Maniks L. Grigorjeva, R. ZabelsD. Millers, I. Bochkov, J. Zicans, T. lvanova, J.
Grabis Swift heavy ion induced modifications of luminescence and nmécdigproperties of
polypropylene/ZnO nanocomposites. Nuclear Instruments and Methodgsiic$?Research
Section B: Beam Interactions with Materials and Atoms. 20B26, 154-157.
DOI:10.1016/j.nimb.2013.10.090

LECTURES IN CONFERENCES

International Conference "Functional materials and nanotecimologies 2014 (FM&NT)",
(29.Sept.-02.0kt), Rga, Latvia.

1. Donats Millers, Larisa Grigorjeva, Igor S.Lisitskij, Khiail S.Kouznetsov, Ksenia
Zaramenskikh. The radioluminescence and cathotodoluminescence of TIQERils.
F-123.

2. Larisa Grigorjeva, Krishjanis Smits, Donats Millers, Ixnkovi a.Luminescence of
Er/Yb doped HAp-FAp nanocrystals and ceramics. F-118.

3. V. Bondar, L. Grigorjeva, T. Kéarner, O. Sidletskiy, K. Smits, S. Zazubovich, A.
Zolotarjovs Thermally stimulated luminescence of undoped ant-Geped GgSiOs
and (LuGd)SiGs single crystals . F113.

4. F.Mukepavela, L.Grigorjeva, E.Gorohova, et al. Structure, nadobas and
photoluminescence og ZnO ceramics based on nanopowders. F-47.

5. K.Smits, A.Zolotarjovs et al., Comparative studies of alanmrepared with

electrochemical and plazma electrolytic oxidation routs. F-60.
LU CFI 30™ Scientific Conference, 2014, 19-21. Febr. Riga, Latvia

6. V.Liepi a, D.Millers, K.Smits. Luminiscences mehamismajpmi SrAl,O4:Eu,Dy

materi| . Abstracts, 10 Ipp.
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7. L.Puina, L.Grigorjeva, D.Millers, K.Smits. Hidroksilapat un fluorapatu luminiscence.
88 Ipp.

8. E.Elsts, U.Rogulis, K.Bulind s, K.Smits, A.Zolotarje\sTrinklere, K.Kundzi §. Radicijas
defektu pt jumi ar Ce, Eu, Tb aktitos oksifluordu stiklos un stikla kerark s. 7 Ipp.

9. E.Elsts, U.Rogulis, K.Bulind s, K.Smits, A.ZolotarjevsTrinklere, K.Kundzi §. Radicijas
defektu pt jumi ar Ce, Eu, Tb aktivtos oksifluordu stiklos un stikla kerark s. 7 Ipp

10. A.Zolotarjevs, K.Smits, D.Millers. Termostimtls luminiscences pjumi oksdu

materi los. 11 Ipp.

11. K.Smits, K.Kundzins. Transmisijas elektronu mikroskops FEhigk s iespjas un
pielietojumi, 44 Ipp.

12. A.Fedotovs, U.Rogulis, Dz.Ei §, K.Smits, G.Doe. Magntisk s rezonanses spektri un

rekombinatv luminiscence ZnO. 14 Ipp.

17th International Conference on luminescence and opticapectroscopy of Condenced
Matter, 2014, 13-18 July, Wroclaw, Poland.
13. A.Zolotarjevs, K.Smits, D.Millers, C.Monty, L.Grigexja. Thermal activation energies of

defect states in ZnO single crystals, ceramics and nanngsu®@ook of Abstracts, , P.171.

MASTER THESIS

Virg nija Liepi a, Studies of luminescence mechanisms on £)AEu,Dy”
Univerisity of Latvia. Riga, 2014.

BACHELOR THESIS

Aleksejs Zolotarjovs, TSL and fractional glow methods used for defects statesiigations

on oxide materis”, Univerisity of Latvia, Rga, 2014.
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OPTICAL RECORDING

Head of Laboratory Dr. J.Teteris

RESEARCH AREA AND MAIN PROBLEMS

Synthesis and research of amorphous chalcogenide semiconductorA®&& and As-
S-Se) and azobenzene containing organic polymer thin films for abptiecording,
nanotechnology and holography have been performed. Photoinduced changes of optical
properties, holographic recording and hologram self-enhancementseftard relaxation
processes in amorphous films are studied. The main task was Righafensitive photoresists
in the visible region for holography and lithography for production ofraiiffve optical
elements. Rainbow hologram production technology based on chalcogenig®rskmotor
photoresists was developed. The methods for fabrication of subwavetgagngs and

surface-relief features with nanometer scale have beeiogede

SCIENTIFIC STAFE

PhD Students

1. Dr. M.Reinfelde 1. J.Aleksejeva

2. Dr. J.Teteris 2 U.Gertners

3. Dr. A.Gerbreders

4. Dr.hab. AKrmi S Students
1. E. Potanina
2. K. Klismeta
3. M. Jirgensons

COOPERATION

Latvia

1. Riga Technical University (prof. A.Ozols).
2. Daugavpils Pedagogical University (Dr. V.Pagks and Dr. Vj.Gerbreders).
USA
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3. Boise State University (Dr. M. Mitkova).

Czech Republic
4. University of Pardubice (Prof. M.Vicek).

FOREIGN SCIENTIST VISITS IN LABORATORY

1. Mg.Sc. Tyler Nichol, USA, Boise State University, 25.05.2018.08.2014.
2. Dr. Sc. Luidmila Loghina, Czech Republic, Uniuversity ofdednice, 04.08.2014-
01.11.2014.

MAIN RESULTS

SUBWAVELENGTH STRUCTURES IN AMORPHOUS CHALCOGENIDE T HIN
FILMS
Mara Reinfelde and Janis Teteris

Thin films of amorphous chalcogenide semiconductopSAsAs-Se and As-S-Se
systems were used for recording of refractive index and surtieé-modulated gratings.
Amorphous chalcogenide semiconductors are high index materialsefrdctive index in the
range 2.2 — 3.5, depending on the film composition and light wavhlemge photoinduced
changes of refractive index down ta 0.15 — 0.5 are observed in these systems.

The photo- and electron-beam stimulated changes of wet etchirig eaterphous As-
S, As-Se and As-S-Se films have been studied. Amorphous chalcogamdeonductor
(AChS) resists obtained by thermal deposition in vacuum aseacterized by very high
resolution capability and they possess a number of pecukatitee make them attractive for
application in many photo- and electron-beam lithographic (EBL) pseses

The recording of the subwavelength gratings with a period of OmMi5- 1 m was
performed by holographic method. The fringe period for two interseligingbeams in a media
with high refractive index n can be expressed asy/2 n sin, where ¢ is the wavelength of
laser light in vacuum, n is refractive index of the reasied is the half-angle between the laser

beams inside the resist. The right angle prisms with n= 2.8 were used to increase the value
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of . The grating period and profile after chemical etching wesasured by AFM. The

transmission, reflection and polarization properties of the obtgragithgs were studied.

OPTICAL RECORDING IN AMORPHOUS CHALCOGENIDE THIN FI  LMS

Janis Teteris

During the past 10 years, research in the field of opticalrattdased on amorphous
chalcogenide semiconductors has made significant advances. Mihit r@éfsearch is driven by
applied interest and this field of research is extremely broadetne. The use of amorphous
chalcogenide thin films in holography and lithography has probably orlpéggin, but already
produced some promising results.

The main functional principles and practical application of amorplobascogenide
photoresists for production of the embossaithbow holograms and holographic optical
elements are discused. The laser interference lithograpised as a low-cost method for the
exposure of large surfaces with regular patterns like subwaveigratings and microsieves.
The regular features with the sizes of about 50 nm and less dabrimated by this method.
The Bragg reflection gratings were recorded and studied in amorg#8s and As-S-Se
films. Amorphous chalcogenide thin films are thought to be oneeoptitential materials for
all-optical integrated circuits for the optical communicatgystems due to their excellent
infrared transparency, large nonlinear refractive index, and low plrerergies. The possibility
to use the amorphous chalcogenide films as a media for holograpbrding, processing and

storage of information with high density is discussed.

HOLOGRAPHIC LITHOGRAPHY IN AMORPHOUS CHALCOGENIDE T  HIN FILMS
J.Teteris, J.Aleksejeva and M.Reinfelde

The recording of the surface-relief and refractive index modutatethgs with a period
of 0.15 — 1.0 m was performed by solid immersion holographic method. The gratiradder
two intersecting light beams in a coupling prism with refr&ciivdex n can be expressed as

= o/2 n sin, where ( is the wavelength of laser light in vacuum, n is refraciidex of the
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prism and is the half-angle between the laser beams inside the pFisentight angle prisms
with n= 1.5 — 2.6 were used. Amorphous As-S-Se based photoresisefrattive index p=3.2
at 0.488 m was used for the recording of surface-relief gratingerAtcording, wet etching
of the photoresist was performed to obtain a surface-religingraThe grating period and
profile were measured by AFM. If the recording was perfornmedii (n=1) and the angle
between the beams was equal t6, @0grating with a period of 0.345n was obtained. If the
intersection of the laser beams is performed in a priglmawefractive index of 1.75, a grating
period of 0.197 m was obtained. The application of a prism as an immersictiume
decreases the period of the recorded gratingimes. The transmission, reflection and
polarization properties of the subwavelength transmission graitings,S; amorphous films
were studied. The angular selectivity of holographic recordiragrinrphous chalcogenide thin

films has been improved significantly by a decrease of gratnigd.

SURFACE RELIEF FORMATION DURING HOLOGRAPHIC RECORDI NG

U.Gertners and J.Teteris

The key element for the production of surface-relief holographicabplements is
photoresist or light sensitive material. Changes of the iarproperties induced in resist
material by light or e-beam exposure enable the surfacé s#lieturing bywetor dry etching.
Therefore this process includes two steps: recording and developynetthing. Recently a
number of organic and inorganic materials have been studied for sliréace relief formation
during the exposure process by a light or e-beam. It is very prarisi practical application
enabling the possibility to simplify technology of the surfaceepaittg.

In this research the study of direct holographic recording of thacairtlief gratings on
amorphous As-S and As-S-Se films has been presented fromdthefslight polarization.
Because of direct surface relief formation, efficiency of mblégef formation also depends on
softening temperature of the sample what in this case is abdl@.1R8sults have shown that
the surface relief formation efficiency is many times dargn case of extra softening by
additional incoherent light during recording. The mechanism of tleetdiecording of surface
relief on amorphous chalcogenide films based on the photoinduced plastis been

discussed.
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OPTICAL RECORDING IN AZOBENZENE CONTAINING POLYMER FILMS
A. Gerbreders and J. Teteris.

Preparation method and optical properties of spiropyran and polymer dtamiis
films was studied. Polyvinyl acetate, polymethylmetacrylatel copolymer of poly(vinyl
butyral-co-vinyl alcohol-co-vinyl acetate) were used as barseomposite.

The transmission spectra of composites were measured batbedtar illumination by
laser beams with different wavelengths. Transmission of conepfilsit of merocianine form
was measured by laser beam wavelength 532 nm in dependence on baaity.int

The holographic recording of diffraction gratings was performed tbgrent laser lines
(325, 532 nm). During recording the diffraction efficiency was meakur transmission mode.

The profiles of the gratings area were analyzed by AFMos@ope.

SCIENTIFIC PUBLICATIONS

1. A.Gerbreders, A.Bulanovs, E.Sledevskis, Vj. GerbredelsTeteris, Optical
properties of composite films based on copper chloride in PMMA xn&tely Engineering
Materials, 605(2014) 445-448.

2.J.Aleksejeva, M.Reinfelde, J.TeterisDirect surface relief patterning of azo-
polymers films via holographic recordingan. J.Phys.92 (2014) 842-844.

3. M.Reinfelde, J.Teteris, E.Potanina Surface relief grating formation in amorphous
As40S15Se5 and AsS; films under 0.532 m wavelength illuminationCan. J. Phys.92 (2014)
659-662.

4.J.Aleksejeva, A Gerbreders, J.TeterisA.Vembris, E.Zarins, V.Kokars,
Photoinduced surface patterning in low molecular organic glasselsitétnational Conference
Radiation Interaction with Materials: Fundamentals and Applicai®ig;Book Series Title:
Radiation Interaction with Materials and Its Use in Technologages: 73-76

5.U.Gertners, J.Teteris Z.GertnereE.Potanina, Investigation of several techniques
for light induced surface patterning, 5th International ConfereackalRon Interaction with
Materials: Fundamentals and Applications 2014;Book Series Tiiéiaon Interaction with
Materials and Its Use in Technologies Pages: 79-82
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LECTURES ON CONFERENCES

30" Scientific Conference of the Institute of Solid Stat€hysics, University of Latvia, Rga,
Latvia, February 19-21, 2014.:

1. J.Aleksejeva, J.Teteris, A.Vembris, Virsmas reljedgdeSans azo-savienojumos (Surface
relief formation in azo-compounds), Book of Abstracts, p.101.

2. K.Klismeta, J.Teteris, Fotoinducs masas pb de un dubultlauSana azo savienojuvi-

75 (The photoinduced mass transport and birefringence in azo compound W-75)f Book
Abstracts, p.58.

3. E.Potaina, J.Teteris, lerosinoSstarojuma vi a garuma ietekme uz virsmas reljefa
veidoSanos As; pl najs krti s (Recording light source wavelenght influence on
surface formation process in & thin films), Book of Abstracts, p.59.

4. MJirgensons, J.Teteris, Foto-induc dubultlausana AS; plnajs krti s
(Photoinduced birtefringence in /& thin films), Book of Abstracts, p.103.

5. M.Reinfelde, J/Teteris, Parauga biezuma ietekme uz virgelgefa veidoSars procesu
amorfajos halkogedos (Influence of sample thickness on formation of surface relief

amorphous chalcogenides), Book of Abstracts, p.101.

57" Scientific Conference for Students of Physics and Naal Sciences; March 19-21,

Vilnius.
6. U.Gertners, J.Teteris, Z.Gertnere, E.Pita, Direct light-induced patterning in a-/s

thin films,

International Young Scientist Conference “Developments in Ofics and Communications
2014”7, Riga, Latvia, April 9-12, 2014
7. K.Klismeta, J.Teteris, The photoinduced birefringence and recomfingurface relief
gratings in azo compound W-75, Book of abstracts, p. 28.
8. E.Potaina, J.Teteris, Light wavelength influence on surface retebrding process in

As,S; thin films, Book of abstracts, p. 29.

5" International Conference Radiation Interaction with Materials:Fundamentals and

Applications 2014, Kaunas, Lithuania, May 12-15, 2014
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9. J.Aleksejeva, A.Gerbreders, J.Teteris, A.Vembris, H8arV.Kokars, Photoinduced
surface patterning in low molecular organic glasses, P1-1, p.73-76.
10.U.Gertners, J.Teteris, Z.Gertnere, E.Pota, Investigation of several techniques for light

induced surface patterning, P1-3, p.79-82.

6" International Conference on Optical, Optoelectronic and Phtonic Materials and
Applications, Leeds, UK, July 27 — August 1, 2014

11.K.Klismeta, J.Teteris, The photoinduced birefringence and mnemssport in azo
compound K-D-2, 00141, p. 93

12.A.Gerbreders, Optical properties of the low-molecular amorphoasheomophores and
their application in holography, 00046, p. 113.

13.J.Teteris, Optical Field-induced Surface Patterning of Amorphbasc@genide and Low
Molecular Organic Glass Films, 00147, p. 201.

14.A. Ogurcovs, Vj. Gerbreders, E. Tamanis, A. Gerbreddrardterization of screen-
printed ZnO/CulnSe2 p-n junction before and after laser ablation, 00135%5.

15.M. Reinfelde, J.Teteris, Influence of Film Thickness on Binoiuced Formation of

Surface Relief Gratings in Amorphous Chalcogenides, 00079, p. 76.

19" International Symposium on Non-Oxide and New Optical Glass *ISNOG2014),
Jeju.Republic of Korea, August 24-28, 2014
16.J.Teteris, Photoinduced mass transport in amorphous chalcogenidediistisct book, p.
102.
17.M.Reinfelde, J.Teteris, Spectral dependence of photoinduced fonmradt surface relief

gratings in amorphous chalcogenides. Abstract book, p. 102.

8" International Conference on Advanced Optical Materials andDevices, Riga, Latvia,
August 25-27, 2014
18.K.Klismeta, J.Teteris, Photoinduced mass transport and birefroeg in azobenzene

containing low molecular weight organic glasses,

International Conference FM&NT2014 (Functional materials and nanoéchnologies 2014)
Riga, Latvia, September 29 — October 2, 2014:
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19.K.Klismeta, J.Teteris, Recording of Surface Relief inoBenzene Containing Low
Molecular Weight Organic Glasses Book of abstracts,. PO-122.

20.A.Gerbreders, Optical Properties of the Low-Molecular AmorphazscAromophores, F-
65.

21. M.Reinfelde, Kinetics of Diffraction Efficiency During thdolographic Recording of
Surface Relief Gratings, F-66.
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LABORATORY OF AMORPHOUS MATERIALS SPECTROSCOPY

Head of laboratory Dr.habil.phys. L.Skuja

RESEARCH AREA AND MAIN PROBLEMS

The optical and electronic properties of advanced wide-band gap iatsatéor
applications in optical elements for high power laser opticscaldibers, for deep-ultraviolet

and vacuume-ultraviolet spectral ranges, for radiation environra@wlt$or nanoscience.

SCIENTIFIC STAFFE

Dr.habil.phys. L.Skuja (Head of laboratory)
Dr.habil.phys. A. Trukhin
Dr.habil.phys A.Silis

EXPERIMENTAL METHODS AND EQUIPMENT

The research is performed mainly by spectroscopic methodsydimgl optical
absorption and luminescence spectroscopy, magnetic resonanceossmgstr (electron
paramagnetic resonance), infrared absorption and Raman scateerargy-dispersive X-ray
microanalysis, thermal desorption mass-spectrometry.

Several of these experimental techniques are available Igbation with other
laboratories of ISSP or with our research partners in otisétutions in Latvia or abroad. The

equipment, available directly in the laboratory is listed hel@be

Optical absorption spectroscopy. Absorption measurements in the NIR-VIS-UV range by
double monochromator (AMKO-LTI) or CCD-based spectrometers (AndamBock 303-i)
and Hamamatsu TM-UV/VIS C10082CAH portable spectrograph. Confignsator NIR-VIS-
UV measurements of attenuation in optical fibers are dlailasing OceanOptics DH-2000-S-

TTL D,-halogen light source).
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Luminescence spectroscopyLuminescence excitation by the following sources is available
YAG:Nd laser (266 nm, 532 nm), nitrogen laser (337 nm), excimerda@48, 193 and
157 nm), semiconductor lasers (650, 765 nm), deuterium and xenon lampsescence
detection is performed using photomultipliers/monochromators and cd&d camera
coupled with spectrograph. Time-resolved luminescence istddtdéy digital oscilloscopes,
multichannel photon counters or time-correlated single-photon counting.

Vacuum ultraviolet spectroscopy McPherson 234/302 200 mm monochromator wigHanp
with MgF-window serving as light source (120-250 nm) is used in configurations fisabpt
absorption and photoluminescence excitation measurements. Cgpabilivestigate optical
fibers in deep-UV..vacuumUyv range is developed.

Raman spectroscopy Andor Shamrock303i spectrometer with Newton DU971N electron
multiplying cooled CCD, NIR to UV spectral range.

Energy-dispersive X-ray fluorescence microanalysis (EDAX Eagle Ill spectrometer,
Rhodium X-ray source with micro-capillary focusing lens, dealements from Na to U,
spatial resolution ~50m).

Mass spectrometry:Dycor LCD-300 quadrupole mass-spectrometer, 1-300 a.m.u. witreeil-f

vacuum station.

MAIN RESULTS

LUMINESCENCE OF RUTILE STRUCTURED CRYSTALLINE SILIC ON DIOXIDE
(STISHOVITE)
A. N.Trukhin, K.Smits, G. Chikvaidze, T. I. Dyzheva, L. Myagina

Luminescence spectrum of synthetic mono-crystalline stishomitgoises a slow blue
band at ~ 400 nm(~3.1 eV) and a fast UV band at ~260 nm (~4.7 eM@|lass some bands in
near-infrared range of spectra. The NIR luminescence bbsite crystal, excited with lasers
532 nm, 248 nm and 193 nm as well as x-ray, possesses severdihsisa# zero phonon line
is situated at 787 nm (1.57 eV) and grows with cooling. An anti-Sloleess located at 771 nm
(1.68 eV). This line disappears with cooling. In a powder sampéstfovite created by shock
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waves generated by the impact of a 50-m-diameter meteoAtiziona 50,000 years ago, the
PL broad blue band is situated at 425 nm (2.9 eV), the UV band at ~26@inheV), and the
sharp lines, seen only under 193 nm laser, at 689 nm (1.789 eV), 694 nm {4).a88 06

nm (1.754 eV).We ascribe the fast UV luminescence to singhgtesitransitions and the slow
blue band to triplet—singlet transitions of the same intrinsieadeff stishovite in both types of
samples. The blue band in stishovite crystal exhibits delayeddsoence of recombination
nature, whereas the blue band of Arizona's powder sample doedhifit ®uch effect. This
difference is explained by different surroundings of luminescengerci& those samples. NIR
luminescence of mono-crystalline stishovite is ascribed to canyourity penetrated in the
sample from graphite heater. NIR luminescence of powder frono#a has not yet found an

explanation.

DIFFUSION AND REACTIONS OF PHOTOINDUCED INTERSTITIA L OXYGEN
ATOMS IN AMORPHOUS SiO, IMPREGNATED WITH *0 -LABELED
INTERSTITIAL OXYGEN MOLECULES
Koichi Kajihara, Linards Skuja, and Hideo Hosono

Both diffusion and reactions of interstitial oxygen atom$) @® amorphous Si®(a-
SiO,) were examined using oxygen-excesSiO, containing'®0-labeled interstitial oxygen
molecules (@) and exposed to,Haser light i = 7.9 eV). Both the Flaser photolysis of
interstitial @ at 77K and subsequent heat treatment 2Q0°C give rise to oxygen exchange
between residual interstitial@nd oxygen atoms in tt&eSiO, network, and these temperatures
are far lower than the temperature at which conventional tiemetwork-interstitial oxygen
exchange in unirradiated-SiO, occurs ( 700°C). However, at the initial stage of the low-
temperature fFlaser photolysis, an efficient formation of interstitiabne molecules (quantum
yield 0.06) via nearly exchange-free diffusion of photogenerated intersiflizs observed

and this reaction predominates over the network-interstitiggen exchange.
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LUMINESCENCE OF PHOSPHORUS CONTAINING OXIDE MATERIA LS:
CRYSTALLINE SiO »-P AND 3P,057SiO,; CAO*P,05 SRO*P,Os GLASSES
A. N.Trukhin, K. Smits, J. Jansons, D. Berzins, G. Chikvaidze, D.kd&m

Luminescence of phosphate glasses such as @agaRd SrO-BOs is compared with
that of phosphorus doped crystallinguartz and phosphosilicate glass with content
3P,0s-7Si0,. Water & OH groups are found by IR spectra in these matefia¢ésspectrum of
luminescence contains many bands in the range 1.5 — 5.5 eV. The kenitebands in UV
range at 4.5- 5 eV are similar in those materials. Decatidarin exponential approximation
manifests a time constant about 37 ns. Also a component in ps rasgeetgcted. PL band of
Us component is shifted to low energy with respect to that ohs&@0dmponent. This shift is
about 0.6 eV. It is explained as singlet-triplet splitting of textstate. Below 14 K increase of
luminescence kinetics duration in us range was observed aad dseribed to zero magnetic
field splitting of triplet excited state of the center.

Yellow-red luminescence was induced by irradiation in phosphorus dogsdlline -
quartz, phosphosilicate glasses. The yellow luminescencem®hta bands at 600 and 740
nm. Their decay is similar under 193 nm laser and may be fittbde first order fractal
kinetics or stretched exponent. Thermally stimulated luminescemtains only band at 600
nm. The 248 nm laser excites luminescence at 740 nm accordirigatoenter process with
decay time ~4 ms at 9 K.

Both type of luminescence UV and yellow were ascribed to diftedlefects containing
phosphorus.

P-doped -quartz sample heated to 550 co become opalescent. Ir spectrd telaiater
& OH groups are changed. Photoluminescence intensity of alllarets, UV (250 nm),
yellow (600 nm) and red (740 nm) strongly diminished and disappearetedtémng to 660 €
Radiation induced red luminescence of non-bridging oxygen luminescemias (NBO)
appeared in crystal after heat treatment. We had obseuprgdtalline version of this center (L.
Skuja et al, Nuclear Instruments and Methods in Physics Red¢@&$,159-168 (2012)).
Effect of heat treatment explained as sedimentation of phospimsome state. Keeping of
treated sample at 450-500 I8ads to partial revival of ability to create yellow lunsoence

center under irradiation.
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LUMINESCENCE OF SILICON DIOXIDE DIFFERENT POLYMORPH
MODIFICATION: SILICA GLASS, -QUARTZ, STISHOVITE, COESITE
A. N.Trukhin

Abstract. Stishovite, coesite, oxygen deficient silica glass ad a®lirradiated -
guartz, exhibit two luminescence bands: a blue one and an UV dnexwmtable in the range
within optical gap. There are similarities in spectral posiand in luminescence decay kinetics
among centers in these materials. The interpretation was dorieeomodel of Oxygen
Deficient Centers (ODC) . The ODC(Il) or twofold coordinatdican and ODC(l) are
distinguished. ODC(l) is object of controversial interpretatidhe Si-Si oxygen vacancy and
complex defect including latent twofold coordinated silicon are pexhos Remarkably, this
luminescence center does not exist in as grown crystalligeartz. However, destructive
irradiation of -quartz crystals with fast neutrons,rays, or dense electron beams creates
ODC(l) like defect. In tetrahedron structured coesite thd #@lpped exciton (STE)
luminescence observed with high energetic yield (~30%) like -quartz crystals. STE in
coesite coexists with oxygen deficient-like center. In octahedrantsted stishovite STE was
not found and only ODC exists

INHOMOGENEOUS BROADENING AND PEAK SHIFT OF THE 7.6 EV OPTICAL
ABSORPTION BAND OF OXYGEN VACANCIES IN SiO ,
K.Kajihara, L.Skuja, H. Hosono

The peak parameters of radiation-induced 7.6 eV optical absorption band/gen
vacancies (Si—Si bonds) were examined for synthetic high-pugtyartz and amorphous SiO
(a-SiQy) exposed td°Co -rays. The peak shape is asymmetric with the steeper édbe a
lower energy side both in-quartz and a-Si§) and the peak energy is larger fequartz than
that for a-SiQ. The full width at half maximum for a-Sy@s larger by ~40-60% than that for
-quartz, and it increases with an increase in the disordéneofa-SiQ@ network, which is
enhanced by raising the temperature of preannealing beforaiioadi.e., fictive temperature.
These data are interpreted from the viewpoint of the sitagadgtribution of the Si—Si bond
length in a-SiQ.
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LUMINESCENCE OF NON-BRIDGING OXYGEN HOLE CENTERS | N
CRYSTALLINE SiO ,
L. Skuja, K. Kajihara, J.Grube, H. Hosono

Oxygen dangling bonds (nonbridging oxygen hole centers, NBOHCs), wh&h ar
characteristic to amorphous SiQvere studied in amorphized regions of neutron-irradiated
quartz crystal and on their boundaries by time-resolved sitetivel@hotoluminescence (PL) at
20K. Along with the usual disorder-broadened PL band of NBOHCs, sltaygtdl-like" zero-
phonon lines (ZPLs), whose positions do not shift with the excitatioeleagth, are observed.
In addition to the previously reported NBOHCs with ZPL at 1.933 e¥eand sub-type of
NBOHCs with ZPL at 1.883 eV is confirmed by observation of iisational sideband due to
Si-(dangling O) stretching mode (897¢runder resonance 1.883eV excitation. A third sub-
type of NBOHCs with an excitation energy at 1.879 eV, distinguislyeal strong coupling to
low-energy (66 ci) vibrational mode is found. This mode is weakly coupled alshetmther
two sub-types of NBOHCs.

SCIENTIFIC VISITS ABROAD

1. Anatoly Trukhin, X International Symposium "SiCAdvanced Dielectrics and Related
Devices", June 14-16 Cagliari, Italy.
2. Linards Skuja X International Symposium "SiQAdvanced Dielectrics and Related

Devices", June 14-16 Cagliari, Italy.

COOPERATION

Latvia

Institute of Atomic Physics and Spectroscopy, University ofibatProf. J.Spigulis, Dr.
A.Skudra)

Estonia

Institute of Physics, Tartu (Dr.S.Zazubovich)

Russia
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GOl, St.Peterburg (Dr.L.Maksimov)

Russian Academy of Sciences, Kotelnikov Institute of Radgireeering and Electronics
Moscow, Russia (Dr. K.Golant).

Vereschagin Institute of High pressure Physics of RAS t§koRussia (Dr. T. |. Dyzheva).
France

Université Jean Monnet Of Saint-Etienne (France) (Prof. r@une, Prof. A. Boukenter).
Italy

University of Palermo (Prof. M. Cannas, S. Agnello, L.&&r0)

Japan

Tokyo Institute of Technology (Prof. H.Hosono)

Tokyo Metropolitan University (Prof. K. Kajihara)

USA

Materials Science and Technology Division, Oak Ridge Natibabbratory, Oak Ridge, TN
37831-6044(Dr. L. Boatner).

SCIENTIFIC PUBLICATIONS

1. K.Kajihara, L.Skuja, H. Hosono, Diusion and reactions of photoinduced interstitial
oxygen atoms in amorphous Sitpregnated wit?O-labeled interstitial oxygen molecules.
J. Phys. Chem. C v. 118, pp.428286 (2014).

2. A. N.Trukhin , K.Smits, G. Chikvaidze, T. I. Dyuzheva, L. M.Lityagihajminescence of
rutile structured crystalline silicon dioxide (stishovited]i® State Communication 189 pp.10-
14(2014).

3. A. N. Trukhin, K. Smits, J. Jansons, D. Berzins, G. Chikvaidze, and Brikcom
Luminescence of Phosphorus Containing Oxide Materials: Cryst8iiQ-P and
3P2Q7Si0,; CaO+ROs; SrO+R0Os Glasses, AlIP Conference Proceedings 1624, 154 (2014);
doi: 10.1063/1.4900472.

4. A. N. Trukhin, Luminescence of silicon dioxide different polymorph modification:
Silica glass, -quartz, stishovite, coesite, AIP Conference Proceedings 16242064){ doi:
10.1063/1.4900473.
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5. L. Skuja, K. Kajihara, J.Grube, H. Hosono, Luminescence of Non-brig@ixygen
Hole Centers in Crystalline S¥OAIP Conference Proceedings, v.1624, p.130-134 (2014). doi:
10.1063/1.4900468

6.. K.Kajihara L.Skuja, H. Hosono, Inhomogeneous broadening and peak shift of the 7.6
eV optical absorption band of oxygen vacancies in,SKIP Conference Proceedings, v.1624
p.58-63 (2014), doi: 10.1063/1.4900457

LECTURES IN CONFERENCES

X International Symposium "SiO,: Advanced Dielectrics and Related Devices", June 14-
16 Cagliari, Italy:

1. A.N.Trukhin, K. Smits, J. Jansons, D. Berzins, Gik@aidze, and D. L. Griscohuminescence
of Phosphorus Containing Oxide Materials: CrystallSiQ-P and 3P2@7Si0O,; CaO+ROs;
SrO«B0Os Glasses,

2. A. N. Trukhin, Luminescence of silicon dioxide difeént polymorph modification: Silica glass,

-quartz, stishovite, coesite.

3. L.Skuja, K. Kajihara, J.Grube, H. Hosono Lumineseeaf Non-bridging Oxygen Hole Centers
in Crystalline SiQ.

4. K.Kajihara, L.Skuja, H. Hosono, Inhomogeneous Heméng and peak shift of the 7.6 eV

optical absorption band of oxygen vacancies in,SiO

30th Scientific Conference of the Institute ofSolid State Physics, University of
Latvia, R ga, Latvia, February 19-21, 2014:
5. K.Kajihara, L.Skuja, H.Hosono Exchange between intellstitid structural oxygen
in excimer laser-irradiated Sj@lass. Abstracts, p.6
6. L.Skuja, K.Kajihara, A.Sili§ Luminescence kinetics of molecular oxygen in silicon
dioxide. Abstracts, 93.Ipp.
7. A.Trukhin, K.Smits, J.Jansons, Dzi8i §, G. ikvaidze, D.L.Griscom Luminescence
of phosphate-containing materials: crystalline SfCand glassy 3®s - 7SIQ; ;
Ca0-ROs ; SrO-ROs, Abstracts, p.12
8. Dz. Briljonoks, A. Trukhin ArF lase-induced luminescenceaodium silicate

glasses, Abstracts, p.92.
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LABORATORY OF SURFACE PHYSICS

Head of Laboratory Dr.habil. phys. J. Maniks

RESEARCH AREA AND MAIN PROBLEMS

The research interests are focused on problems related torgtrusicromechanical and
optical properties of surfaces, interfaces and thin films diaaced materials for
micro/nanotechnologies (e.g. oxides, halides, metals, alloys;@ngosite systems). The area
of research also includes a development of methods for the oatidifi of surfaces of
functional materials and studies of surface and interfaceteféa properties. The research is
mainly based on methods of micro- and nanoindentation, AFM, SEM abd XR
Main research topics in 2014 were

Micro- and nano-mechanical characterization of surfacedayen films and interfaces

of advanced materials;

Modification of surfaces of functional materialsi¢er band-gap oxides, alkali halides) by

irradiation with high energy (MeV-GeV) ions;

Interaction processes (adhesion, wetting and compsia contact surfaces, including

interaction processes with liquid metals.

SCIENTIFIC STAFE

1. Dr.habil.phys., emeritus J.Maniks Students
2. Dr.phys. F.Muktepavela B.sc.R.Grants
3. Dr.phys. I.Manika
Technical Staff
PhD Students A.Petersons
M.sc.phys. R.Zabels

VISITORS FROM ABROAD

1. Prof.K.Schwartz, GSI, Darmstadt, Germany (6 days).
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COOPERATION

Latvia

Daugavpils University, Innovative Microscopy Centre;

Institute of Physics, University of Latvia (Dr.A.Shisko);

NACO Technologies.

Germany

GSI, Darmstadt, (Prof. K.Schwartz).

Kazakhstan

L. Gumilyov Eurasian National University (Dr.A.Dauletbekpva

Russia

Institute of Solid State Physics RAN, Chernogolovka (Prof.Bufited, Dr.V.Sursajeva)

MAIN RESULTS

DISLOCATION FORMATION IN LiF CRYSTALS
IRRADIATED WITH SWIFT IONS
R. Zabels, I. Manika, J. Maniks, R. Grants

Swift- ion-induced formation of radiation defects and their aggesgait high irradiation
doses are of importance for ion-induced nanostructuring and radiasstance studies in
materials for nuclear and related applications. Formationisdbadtions in LiF irradiated to
high-dose with MeV-GeW*S and*U ions has been investigated by AFM and chemical etching.
The chosen ions form tracks with different morphology. It has be@blishied that in
individual tracks of**U ions, exhibiting track core damage, tiny dislocation loops anid the
nuclei are created. Increasing fluence till overlapping afkgdeads to pronounced rows of
dislocation loops in ion trajectory. Their size reaches 600-1000 nmlightiesulphur ions also
cause formation of dislocations. The size of dislocation loopgsvatong the ion trajectory
reaching maximum in the region were calculated energy losmnefdisplays a maximum. At
moderate fluenceslfsorbed dose 1.75 MGy) the density of dislocativeated by U ions wak7x10°

cm? while for S ions - 9x1cm? It confirms that the efficiency of dislocatioroguction is substantially
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higher in the case of irradiation with heavy ioBstimates show that a substantial part of radiat&fects

is included in the system of dislocations.

SCIENTIFIC PUBLICATIONS

SCI publications

1. R.Zabels, |.Manika, K.Schwartz J.Maniks, R.Grants. MeV-GeV ion induced
dislocation loops in LiF crystals. Nuclear. Inst. and Methods B(2@64) 318-321.

2. J.Maniks, L.Grigorjeva,R.Zabels D.Millers, I. Bochkov, J. Zicans, T. lvanova,
J. GrabisSwift heavy ion induced modifications of luminescence and nmécdla properties
of polypropylene/ZnO nanocomposites, Nuclear. Inst. and Methodé 23624) 154-157

3. V. Sursaeva, A. Gornakovk, Muktepavela, Grain Boundary ridges slow down grain
boundary motion: In-situ observation, Materials Letters, 124 (2014) 24-27

4. A. Shishko,F. Muktepavela, A. Klukin, E. Platacisand A. Sobolev. The effect of the
divertor poloidal magnetic field on liquid metal thin film floMagnetohydrodynamics, 50(2)
(2014) 207-2016

Other publications

5. E. Platacis A. Sobolev, A. Shishkd;. Muktepavela. Experimental studies of liquid
lithium film flow in magnetic field. Proceedings of Pamir Imtational conference:
Fundamental and Applied MHD Vol 2, p.16-19.
Lectures at Conferences
International Conference on Functional Materials and Nanotechologies FM&NT 29.09.-
02.10. 2014, Riga, Latvia.

1. K. Schwartz, J. Maniks, |. Manika. Irradiation Induced Namasirres in LiF Crystals
and Possible Applications. Abstracts p.91.
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2. F. Muktepavela, L. Grigorjeva, K. Chernenko, E. Gorokhova,déinii.Structure,
Nanohardness and Photoluminiscence of Zn N Ceramics Based on Nanap@dhdaacts
p.312.

3. R. Zabels, I. Manika, K. Schwartz, J. Maniks, M. Sorokin, Dauletbekova, M.
Zdorovets. Depth Profiles of Indentation Hardness and DislocaMobility in MgO Single
Crystals Irradiated with Swift Kr and N lons. Abstracts p.343.

4. R. Grants, V. Sursaeva, F. Muktepavela. Kinetic Propesti€rain Boundary with

Ridges in Zn bicrystal. Abstracts p.362.

Pamir International Conference Fundamental and Applied MHD.
June 16 - 20, 2014 Riga, Latvia
5. E. Platacis, A. Sobolev, A. Shishko, F. Muktepavela. Experamhstudies of liquid

lithium film flow in magnetic field.

30th Scientific Conference, ISSP, University of Latvia Febrary 19 — 21, 2014, Riga,

Latvia

6. R. Zabels, I. Manika, J. Maniks, R. Grants. MechanisihBislocation Formation in

LiF Crystals Irradiated with Swift lons. Abstracts p.47.

7. A. Shishko, E. Platacis, A. Sobolevs, A.Klukins, F.Muktepawl&iks, S. Ivanovs, F.
M. Gryaznevich, L. ZakharoWHD effects and wetting problems during lithium gravitational

flow in the divertor zone of “low-power”(spherical) TOKAMAK. Atracts p.107.
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LABORATORY OF ORGANIC MATERIALS

Head of laboratory Dr. phys. M.Rutkis

SCIENTIFIC STAFF: Students:

M rti S Rutkis Dr.phys. M rti § Narels BSc
Lilita Gerca Dr.chem. Igors Mihailovs BSc
Oskars Viltis Dr.phys. J lija Perve ecka BSc
Aivars Vembris Dr.phys. Arturs Bundulis BSc
Andrejs Tokmakovs  MSc. Elza Lna Linina

Andrejs Juris

J nis Busenbergs

PhD students:

El na Laiz ne MSc.
J nis Latvels MSc.
Edgars NitiSs MSc.
Kaspars Pud s MSc

Raitis Gr ibovskis MSc

RESEARCH AIM:

The fundamental and applied research of organic moleculesriatsgatand their
structures are conducted by the laboratory. In most cases thbetsobf investigations are
original organic compounds synthesized by Latvian chemists. The ras@arch goal of
laboratory is to develop knowledge about the structure - properti@sonship of organic
materials for next generation electronics and photonics. Based orptdeeived from these
studies, new materials with improved properties are designetbse cooperation with the
Latvian chemists. Assessment and demonstration of possible appkcaif the novel
developed materials is an important task of the laboratoryndadiuman resources, generated
knowledge and technology within the laboratory are a base for developmempariic

electronics and photonics in Latvia.
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Research topics:
Quantum chemical investigation of structure and propertiesrohwophores;
Design of thin films;
Energy structure of thin films;
Electrical and photoelectrical properties;
Nonlinear optical phenomena;
Stimulated emission;
Thermoelectrical properties;
Electroluminescence in thin films;

Optically induced switching;

Research methodology within a laboratory:

Quantum chemical modelling by Gaussian 09, GaussView 5.0 and Ghgrer 8.0
software packages;

Deposition of organic thin films by thermal evaporation in vacuyim soating, blade
casting, Langmuir— Blodgett technology, self-assembled monstaye

Space charge limited current, time of flight and camidraction by linearly increasing
voltage methods are used for acquiring electrical propertigsrofilms;

Investigation of energetic structure is done by temperature niedutgpace charge
limited current method, Kelvin probe and photoconductivity measuresne

Determination of linear optical parameters by absorption rafidction spectroscopy
and M-line method;

Investigation of light emission properties by luminescence, utited emission and
electroluminescence spectral methods;

Characterisation of nonlinear optical properties by hyper Rayleigittering, optical
second harmonic generation, Maker fringe, Kurtz powder, Teng-Mipaeagnetric, attenuated

total reflection and Mach — Zehnder interferometric methods.
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National Research Program in Materials Science and Informatioffechnologies
IMIS (2010-2014):

Project No.1 “Multifunctional materials for high-tech applicatiomsonversion of

radiation energy, information recording, storage, transfer andgsiogg

Project No.6 “Graphene, modified graphene and graphene containing cas pasit

surface coatings, nanodevices, sensors and energy conversion.”

National Research Program inMultlfunctional Materials and composltes, photonicS and
nanotechnology (IMIS2) (2014-2017):

Project No.1 “Photonics and materials for photonics”

Project No.6 “Nanomaterials and nanotechnology”

ESF project of the activity 1.1.1.2 “Attraction of Human Resoures to Science”:

N0.2013/0045/1DP/1.1.1.2.0/10/APIA/VIAA/018 “Design and investigation of hoolecular

weight glass forming organic compounds with use in photonics”
International projects:
1. EC 7F project;Waste heat to electrical energy via sustainable organic theatectric
devices - H2ESOT”

2. Latvian — Lithuanian — Taiwan partnership program proj&stnthesis and studies of

organic electroactive materials for effective and reliable opéatronic devices

COLLABORATION :

Latvia:
Riga Technical University;

Institute of Organic Synthesis;
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Institute of Physical Energetics;
Daugavpils University.
Lithuania:
Vilnius University (Prof. S. Jursenas);
Kau as universitte (Prof. J. V. Grazulevicius);
Center for Physical Sciences and Technology (Prof. L. VatkunaProf. V. Gulbinas).
Taiwan:
National Sun Yat-sen Universty  (Dr. Li-Yin Chen).
France:
Institut des Nanosciences de Paris (Prof. N. Witkowski).
England:
Nottingham University (Prof. S. Woodward).
Germany:
Julius-Maximilians Universitaet Wuerzburg (Prof. J. Pflaum).
Bulgaria:
Institute of Organic Chemistry, Bulgarian Academy of Saesn@rof. V. Dimitrov).
Moldova:

Universitatea Tehnica a Moldovei (Prof. A. Casian).

MAIN RESULTS

ENERGY STRUCTURE AND ELECTRO-OPTICAL PROPERTIES OF ORGANIC
LAYERS WITH CARBAZOLE DERIVATIVE
K. Pudzs, A. Vembris, |.Muzikante, R. Grzibovskis, B. Turoyské&imokaitiene,

S. Grigalevicius, J.V. Grazulevicius

Phosphorescent organic light emitting diodes are perspectilighting technologies
due to high efficient electroluminescence. Not only phosphorescesthiy also host materials
are important aspect to be considered in the deviceswhereatbey problemfor blue light
emitting phosphorescentmolecules. Carbazole derivative 3,6- ali(@zolyl)-9-(2-
ethylhexyl)carbazole (TCz1) is a good candidate and has showneexaelults in thermally
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evaporated films. This paper presents the studies ofielqiroperties and energy structure in
thin  films of spin-coated TCzl and thermally evaporated  trid[2-(
difluorophenyl)pyridineliridium(lll) (Ir(Fppy)3). The 0.46 eV diffemee of electron conduction
level between TCz1 and Ir(Fppy)3 compounds was obtained from tlie egltammetry and
photoconductivitymeasurements. Temperaturemodulated space dimartgel current (TM-
SCLC)method is used tomeasure the local trapping state®dogeccarrier in the energy gap.
The TMSCLC measurements for the system TCz1 + 8 wt.% IyjBpghow a trapping state
with the value of 0.4 eV which is comparable to the conduction levireince of these
materials. It allows to conclude that Ir(Fppyolecules act as electron traps in the TCz1 matrix
and the TM-SCLC method is applicable to investigate dopants@srgastates. To show the
trap effect, an organic light emitting diode was made wttexeelectroluminescent layer was a
spin-coated host-guest system of TCz1 with incorporated 8 wit4aplyk.
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Fig. 1. Chemical structure of (a) the carbazole Fig. 2. Dependence of current and power efficiemcy
(:]erlvahtlves Tcil and (b) :jhle (Ie:Iectrog the current density of the ITO/PEDOT:PSS/TCz1 +
phosphorescent compound Ir(Fppy)3. Ir(Fppy)3/LiF/Al device.
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Fig. 3. (a) Energy diagramof the TCz1 compound ted
Ir(Fppy)3 compound in solid state. (b) Energy déags of

the device ITO/PEDOT:PSS/TCz1 + 8 wt%
Ir(Fppy)3/LiF/Al. Gray filled arrows show injectioaf the
electrons and unfilled arrows — injection of holeg and

Eh are the conduction levels of electrons and holes
respectively.

The values of the ionization energy characterizing the hole ctingemnergy level are
similar for TCz1 and Ir(Fppy)3 - 5.57 and 5.61 eV respectively. difierence of the electron
affinity energy of the TCz1 and Ir(Fppy)3 was obtained from the itinoizaenergy and the
threshold energy of photoconductivity. The value of this differen€ed® + 0.10 eV and it is
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close to the estimated electron local trap state 0.40 + 0.0@m®4/can conclude that this energy
level corresponds to the Ir(Fppy)3 molecules as the electppimtthe TCz1 matrix. The charge
carrier trap concentration is several orders of magnitogeerl than the concentration of
Ir(Fppy)3 molecules. There could be two explanations: not all migieavork as traps or there
could be aggregates formed by Ir(Fppy)3 molecules where edbhrofis working as only one
electron trap object. This local trapping state is very impbitaelectroluminescence because it
corresponds to the electron affinity level in the electrolunt@ese material— Ir(Fppy)3.
Electrons fromthe electron conductivity level of TCz1 are caughthese traps thereby
increasing electron density on the electron affinity level @ppy)3 molecules thus providing

electrons for electroluminescence.

HYBRID SOI/POLYMER ELECTRO OPTICAL INTENSITY
MODULATOR OPERATING AT 780 nm
E. Nitiss,J. Busenberg®/. Rutkis

Broadband electro optical (EO) modulators are among the key rekefoe the future
development of the communication technology. In order to satisfy #regeawing need for an
increase in data transfer rate, there is a demand for sspégd, low loss and low production
cost EO modulator. Several directions of EO modulator technology apemeht have been
advanced in the last decade. It has been shown that a fumthesise in data transfer speeds of
modulators based on inorganic EO components may be achieved by ogfithiei structure
and introducing new concepts and materials with enhanced nonlirggsaripgs. Nevertheless
the main disadvantages such as high fabrication costs and dieless@s would still remain.
Furthermore, the high dielectric constants of inorganic non-lineaabgNLO) materials set
limits to the maximal bandwidth obtainable in a travelling &avodulator design. Due to the
low EO coefficients of the inorganic materials, the light #redelectric field interaction length
should be long in order to achieve low driving voltages thus causedjght wave and the
microwave propagation velocity to mismatch. Thus a consideadtgletion has been devoted to
new EO active organic materials due to their multiple adgaotas properties such as a low
cost, an easy processability, low dielectric constants anghanioinlinearity. Devices based on
highly nonlinear organic EO materials with EO coefficients uB@0 pm/V could satisfy the

future bandwidth and chip scale requirements.
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In this contribution we have proposed a design for a new type of hsitiddn-on-
insulator (SOIl)/polymer waveguide EO modulator that could operateirbtie visible and the
infrared wavelength range. The preparation steps of the modwlat@guide are shown in Fig.
1. The MZI modulator design is shown in Fig. 2. The design was @atilnfor highest
bandwidth, lowest optical loss including the light splitting losse( Fig. 3.) and other
parameters. By optimizing the travelling wave modulator siracparameters using a rough
modulator bandwidth estimation model, we have shown that it is tiedhetpossible to
achieve a halfwave voltage-interaction length of 1.56nVVand a bandwidth of 1.9 Ghz for
MZI modulator with 0.5 cm long arms and an EO coefficient of 100 pmhé. advantages of
the proposed modulator structure that should emphasized are thigigmoplpreparation, low
drive voltages values and the expected low light propagationUodertunately, such design
also possesses an important drawback. The operational bandwidtie d¥idl type EO

modulator on SOI platform would not exceed a couple of GHz. Thus we doulit¢bald be

Photoresist Contact

Si ) electrode
Sio, (a) o

EO polymer
Sio,
Si
%soz (b)
D. E. F.
Photoresist
EO polymer
Sio,
Si
Sio,
o m | Fig. 2. (a) The Cross-section and (b) the top \déw

the MZI SOl/polymer waveguide intensity modulator:

Sectrode W, — polymer waveguide width, W- central Si
ﬁ F-;soz electrode width, K- Si electrode height, WeHqx —
- - - SiO, cladding thickness, H- EO polymer thickness
Fig. 1. Preparation steps of SOl/polymer waveguide: above the trench, L —length of the MZI modulator

photoresist masking layer is applied on the SOI n@e Si arm.
layer is patterned using conventional lithograpieps (B-D)

thus yielding a trench for further waveguide forroatiThe z:z Cos 2 °
SiO; cladding layer is obtained by thermal oxidatiorSo{E) 08 e

for a fixed period of time to obtain the require@kmess of 07 Ry

SiO,. Afterwards, a ridge waveguide core is createtthén 06 °‘;\\

formed trench by the spin coating or a blade casfrieO 05 a\“\

polymer (F). Additional photolithography steps appléeed 04 R

(G-l) in order to remove the polymer and $l&yers where 03 °\°°

contact metal electrodes will be applied (J). Thetpresist 02 e

layer is removed (K) and, if necessary, the EO potyme o1 el
thickness is reduced via etching (L). The stepiglgptional 00 0 10 20 20 20 50
and could be applied in order to obtain a wavegoate with
desired parameters. Fig. 3. The 2D numerically simulated output to itpu
power ratio B,/P;, as a function of splitting angle
n,=1.67.
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used for an ultra-high speed light modulation. Despite this we veelibat such active
waveguide structure and preparation technology could find its applicdbomaaking light

switches, array waveguides for dense wavelength divisiotipiexing etc.
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REAEARCH AREAS

Materials
1. Production of new modified ferroelectric ceramics by doping wiharides, developing
binary or multicomponent solid solutions:
complex lead-containing perovskite family with general chemfoaiulas
PbB’1/2B”1/203 (where B'=Sc+3, Lu+3, Yb+3, Tm+3 etc.; B"= Nb+E+5) and
PbB’1/3B"2/303, (where B'=Mg+2, Zn+2, Ni+2, Cd+2 etc., B"- Nb+5;+5aand etc);
modified (Pb,La)(Zr, Ti)O3 (PLZT);
lead-free perovskite ceramics based on {Kay s)NbOs, (Nay sBig 5)NbOs, or BaTiQ;
- BiFeG; Bi(Fep sCro.5)03,SrMnG;,
2. Thin films, multiferroic materials, inorganic functional anthomaterials
Methods
1. Investigation of kinetic parameters of synthesis and sintprogeses;
2. X-ray diffraction, atomic force microscopy, piezo-responsesf microscopy, electron
scanning microscopy with EDX option, EPR and Raman spectroscogkestde impedance
and hysteresis measurement tools, ellipsometry and reflecjot®etiniques;
3. Investigation using synchrotron radiation based methods.

Properties: electromechanical properties; piezoelectric properties afdlifiduced
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deformation, electrocaloric effect, thermal expansion, opfadadorbtion, luminiscence),
dielectric and magnetic properties, electronic strugture

Problems

1. Phase transitions (including field-induced ferroelectric ptrassitions) and ordering
effects in “ordinary” ferroelectrics and ferroelectr&daxorsalong with new compositions
(including 3d elements doping of AB@erovskites); replacement of lead-containing materials
in various applications

2. Investigation of electronic structure of prospective inorg&mctional and nanomaterials

using advanced synchrotron based methods.
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MAIN RESULTS

PREPARATION AND ELECTRIC PROPERTIES OF BARIUM ZIRCO NIUM
TITANATE CERAMIC
B.Garbarz-Glos, W.Ek, M.Antonova, A.Budziak{.Bormanis, C.Kajtoch

Barium titanate is a well-known, intensively studied and technddlgi important
ferroelectric material with a perovskite structure. The dopadiO; systems - barium
zirconium titanate - has attracted considerable attention in bdthabdl thin film, due to its
potential applications for various device in particular as pleeté transducers, tunable
filters, phase shifters, terrestrial and satellite comnatiwns (operating in the microwave
frequency range), the GPS system and radiolocation. SulwstinftiTi*" with Zr** in BaTiO;
exhibits an interesting behavior in the dielectric study. Alltkinee phase transitions correspond
to pure BaTiQ are merged or pinched into single phase transition depending oonttestcof
zirconium. Therefore, in this study the structure and dielectopgsties of pure barium titanate

and barium zirconate titanate ceramics (for selected conpusitivere investigated. These
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ceramics were prepared by solid-phase reaction from simplesoand carbonates using the
conventional method. The structure and morphology of sintered sangreskaracterised by
X-ray diffraction (XRD) and scanning electron microscopy (SEM)he dielectric
measurements, in the frequency range between 20 Hz and 1 Midzparéormed by means of
QUATRO KRIO 4.0 temperature system together with precis® lAgilent 4284A meter,
BDS 1100 cryostat and WINData 5.62 Novocontrol software. The heatidgcooling agent
used was nitrogen. The data were taken at stabilized temgepatnts within the range from
500 K to 140 K with 5 K step. The application of dielectric spstiopy made possible to
determine independently both real and imaginary parts of the mesganction of various
excitations related to polarization in solids in particular teysof quantitatively ferroelectric

dispersion.

ELECTRICAL CHARACTERIZATION OF FE DOPED BT CERAMIC  BY
IMPEDANCE SPECTROSCOPY
D.Sitko, W.B k, B.Garbarz-Glos, M.Livinsh, I.Smeltere, C.Kajtoch

The ABG;-type compounds with perovskite structure are one of the moséstitey
group of materials. Among them, the titanates are of gnéatest from the point of view of
fundamental research as well as regarding their possible dpigaBarium titanate (BaTi§)
BT) was the first developed piezoelectric ceramic and aegndue to its excellent ferroelectric
properties and the high electric permittivity at room tempeeait is still widely used as
capacitors, thermistors, chemical sensors, and piezoeléetrices.

The electric behavior of the of Fe-doped and undd@e&TiO; were investigated as a function of
frequency and temperature. These ceramics werame by solid state reaction using the conventional
method. The microstructures were observed on tHaciof the polycrystalline specimens, with use of
a scanning electron microscopy Model Hitachi S4%@8 a field emission and a Noran Vantage EDS
system .The performed EDS investigations revedhed the all investigatedamples were perfectly
sintered. They contained a little glassy phase tmir grains were well shaped. The impedance
measurements were carried out in the temperatane 150K to 600K, and in the frequency range from
0.1Hz to 10MHz. All the electric measurements & samples were performed with use of an Alfa - AN
modular measurement system with a temperaturea@ystem Quatro Krio 4.0 range from 0.1Hz to 1-

MHz. Based on thesparameters the electricptoperties ofthe grainsand grains boundaries
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were describedThe grain and grain boundaries relaxation frequesnaiere shifted to higher frequency
with increasing temperature. Bulk resistance ofacecs and the thermal activation energies were

determined.

THERMAL PROPERTIES OF RELAXOR PbNi 1/3Nb2303 SOLID SOLUTION
CERAMICS *)
K. Bormanis, S.N. Kallaev, Z.M. Omarov, A.R. Bilalov,
S.A. Sadykov, and R.G. Mitarov

Ceramic ferroelectric relaxors of specific crystal stnoetand unique physical properties
make a promising class of functional ferroelectric matetiaés multicomponent perovskite
solid solutions of mixed oxides, such as PlNb,303, being special interest.  The  studies
of the behavior of heat capacity and dielectric permittivitf?bNi,sNb,303-PbTiO; (PNN-PT)
solid solutions over a wide temperature range from 150 to 800 Kzoded.

The temperatures characterizing the anomalies of diel@etmittivity (T) and of heat
capacity G(T) are found for the (1-x)PNN-xPT system at x = 0.3, 0.4, 0.5tetimperatures ;T
of the maximums of dielectric permittivity of which are around 3385, and 455 K,
respectively. The 0.7PNN-0.3PT composition has a noticeable freggdependence of the
broad phase transition peak of dielectric permittivity not belmggrved in compositions of x =
0.4 and 0.5. The extended shape of the anomaly of heat capacity atT,, 315 K in the
0.7PNN-0.3PT composition is typical to ferroelectric relaxors.

The temperature dependence of the heat capag(fy 6f the 0.7PNN-0.3PT ceramics
has an anomaly at T225 K another anomaly being discovered extending from 250 to 650 K
around T 520 K. A guantitative analysis of the temperature dependenbeatfcapacity
and separation of the anomalous contribution from phonon contribution, mgsincases, is
made by estimating the phonon heat capacity of the compounds as tloé tharDebye and
Einstein functions the anomalous component being found as the differeneeeiethe
measured and calculated phonon heat capacifies’,-C,°. Local distortions of the structure
revealed in the Brillouin scattering spectra are found mregions of the C(T) anomaly: 250-
450 K coinciding with the (T) and within 450-650 K. The temperature dependence on
temperature of the C anomaly separated from the phonon contribution is described by

expression for the Schottky heat capacity of two-level stapesaed by an energy barrier.
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*) In cooperation with Institute of Physics, Dagestan Sciencer&€&eRAS, Makhachkala,

Russia andDagestan State Technical University, Makhachkala, Russia.

ELECTROLUMINESCENCE OF
(Pbo,glLao,og)(Zl’ 0_65Ti0,3903 RELAXOR CERAMICS *)
K. Bormanis, S.A. Sadykov, S.N. Kallaev, S.M. AlievaSA. Agalarov,

M. Livinsh, and M. Antonova

Lanthanum doped lead zirconate titanate (PLZT) relaxor ceramiéth w
(Phy.oilagog(Zroeslioss)Os  composition  exhibits a  repolarization  induced by
electroluminescence with a pronounced discrete character afiemik is established that this
behavior is related to the reorientation of nanodimensional pagwn® in a strong pulsed
electric field in the vicinity of a smeared phase transitigB].

The time and temperature dependences of the electroluminesaencgudied; the
intensity of luminescence at switching polarization in PLZTagdécs as a function of
temperature over the wide range including the maximum point bfctlie permittivity under
condition of fast rise (0.1 kV/cm pes) of a strong applied field is presented.

There is a critical (dynamic coercive) field & which the domain reorientation starts
(decreasing with rising the temperature), which is simitaferroelectrics and indicates to
decreasing internal bias fields. The temperature being highgoolaeised state (determined
from the duration of electroluminescence) at switching the s@pptied field within ~50 s is
achieved faster — formation and evolution of the relevant domaintwe is intensified by
temperature.

The discrete character of electroluminescence from PLZfinvthe entire range of
temperatures studied is supposed to be related to temparatuced variation in dimensions
and the number of nano-polar regions increasing the number okedhaingse boundaries when
polar domains are split as the temperature increases. Umdpidsy growing applied field the
microscopic regions of individual critical field intensiti€& are successively involved in
formation of the domain structure and further rearrangement thiodigin of the internal and

coercive fields determining the scatter of separatestonipeaks in time.
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*) In cooperation with Institute of Physics, Dagestan S&e@entre, RAS, Makhachkala,
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INTERPRETATION OF THE ELECTROCALORIC EFFECT IN
NBT-ST-PT SOLID SOLUTIONS
Marija Dunce, Eriks Birks, Jani Perantie, Juha HagbesgjavAntonova, Andris Sternberg

There is a lot of attempts to createpBi,»,TiO3 (NBT) -based compositions with
improved properties for different applications. The aim of theemtestudy is to analyze the
relationship between polarization and electrocaloric ef(B€E) in 0.4NBT-(0.6-X)SrTi@
xPbTiO; (0.4NBT-(0.6-x)ST-xPT) solid solutions. Earlier a wide siapilange of the relaxor
state depending on PbTj@oncentration was found in these solid solutions. The pronounced
electrocaloric effect at high concentrations of PT&3 well as extremely low values of the
electrocaloric effect at low concentrations of Pbiw@re observed, which does not correspond
to the variation of polarization depending on Philé@Gncentration. The measured values of the
electrocaloric effect do not correspond also to the valuesulatéd from frequently used
thermodynamic equations.

It is shown that behaviour of ECE in compositions where FE statenot be induced
even by electric field, corresponds to compositions where F& et#sts in temperature region
far above T  T(P) dependence in the region of electric field-induced phesgsition
corresponds to change of volume of FE phase. Evaluation of ptianiZrom ECE in FE phase
allows us to conclude that polarization hysteresis loops ardwaysareliable measurement of

polarization.

DIELECTRIC AND ELECTROMECHANICAL PROPERTIES IN NBT- BT
SOLID SOLUTIONS WITH Na AND K NIOBATES
M. Dunce, E. Birks, M. Antonova, and A. Sternberg

The wide attention is paid to ternary solid solutiong §B& sTiO3; with BaTiO; and

KosNapsNbO; in the concentration range of the morphotropic phase boundary, with
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K0.5Na0.5NbO3 (KNN) added. 2 mol% of KNN is sufficient to shife tbepolarization
temperature below room temperature. As a result, a larfgentigtion can be achieved at the
electric field-induced phase transition between relaxor and feotoiel states. In spite of the
large number of studies, the choice of KNN in this solid solutitstead of pure NaNbO3 (NN)
or KNbO3 (KN), is still not clear. In this work addition of NKINN or KN to NBT-BT solid
solution is compared. It is shown that role @fsMag sNbOs, NaNbQ or KNbO; reduces mainly
in suppressing of ferroelectric properties like in other perovskieelectrics where Ti is
replaced by Nb, and development of relaxor state. Besides f@gukependent dielectric
permittivity relaxor state is characterised by dependenceritiéal fields, corresponding to
phase tradition between relaxor and ferroelectric state, oretatape, reflecting metastability
of ferroelectric phase. Na/K plays only marginally role in clean§ physical properties and
phase diagram of those ternary solid solutions. Comparing coridérsa;.xNbO;
compositions, NaNb®is preferred because in this case field induced phasetivassire less
smeared due to more homogeneous composition with less atomicsspeaéved. The
influence of Nb is compared with compositions outside morphotropied@msdary, by study
of solid solutions (0.80N@&Bio 5TiO3 — 0.20BaTiQ)1.y~- (KxNayxNbGO; )y.

X-RAY DIFFRACTION AND RAMAN SPECTROSCOPY STUDIES IN
Nal/gBil/zTiO 3—SI’TiO 3—PbTi03 SOLID SOLUTIONS
M. Dunce, E. Birks, A. Kuzmin, R. Ignatans, A. Plaude, M.ohmva, A. Sternberg

Nay/2Bi12TiO3 (NBT) and its solid solutions attract a lot of interestasalternative for
nowadays widely used lead-containing ferroelectric materia¢sptig/hich is gradually limited
due to environmental considerations. Besides, understanding and aisatote of phase
transitions in pure or modified NBT are challenging topics of stutethe physics of
ferroelectrics.

Previously a transfer from relaxor to ferroelectric stassing different stages of
relaxor behaviour, was established in triple solid solutions QN TiO3-(0.6-X)SITIG-
XPbTiO; (0.4NBT-(0.6-x)ST-XPT) by studying their dielectric propertiesthis study, 0.4NBT-
(0.6-x)ST-xPT solid solutions were investigated by x-ray diffecand Raman spectroscopy.

Although compositions with low concentration of PT exhibit pure relaxor hemaeven
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without electric field-induced phase transition to ferroeledtate, some traces of tetragonal
phase were observed in x-ray diffraction patterns. An amount afjtetal phase and a degree
of tetragonality upon temperature variation were determined fogralecompositions with
different content of PT, using the Rietveld method.

From the x-ray diffraction measurements we found that thegteted phase in 0.4NBT-
(0.6-x)ST-xPT solid solutions is present at the long range otdewaemperatures for all PT
concentrations, including compositions, which remain in a relaxa stegn in the presence of
electric field. The fraction of the tetragonal phase anddetrality increase with increasing of
PT concentration. An influence of local inhomogeneous latticensten the broadening of x-
ray diffraction maxima and concentrations of tetragonal and culsisegshwas studied. It was
detected that Raman spectrum, representing local tetragomaletyy, is almost concentration-
independent at room temperature. Upon temperature increase therspeecomes featureless
for all studied compositions. Approaching of cubic structure at eldvé@mperatures is

observed either at the long or short range order.

AGING AND MEMORY EFFECTS IN ELECTRO-OPTICAL PLZT 8/65/ 35
CERAMICS MODIFIED WITH 3D TRANSITION-METAL IONS
V.Dimza, L.Kundzina, M.Kundzins, K.Kundzins, A.Plaude, M.Livil.Antonova

The temperature and frequency dependencies of the dielecttiepsibgity in relaxor
electro-optical PLZT 8/65/35 (La8) modified with 3d transition-meésals (Mn, Fe, Co, Ni)
ions measured to study the aging and memory (AM) effectepoeted. The studies of aging at
room temperature show that 3d admixtures (Me) in La8 ceramicgmatl to medium
concentration range (Me < 1.0 wt.%) changes the depth of dispetstoaging amplitude and
the temperature range of the memory effect. At Me condenmtssexceeding 1.0 wt.% the aging
and memory effect are significantly reduced (or eliminatejea 1.0 wt.%.

The obtained results suggest that the changes of the agiatsedfe determined by two
substantial acceptor effects of the introduced 3d ions: 1) formatite®t- Vo type dipoles

(Vo - oxygen vacancy); 2) Jahn-Teller (JT) effect.
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THE EFFECT OF CU ADMIXTURE ON RELAXOR PROPERTIES OF THE
ELECTROOPTICAL PLZT 8/65/35 CERAMICS
Vilnis Dimza, Lelde Kundzina, Maris Kundzins, Karlis Kundzinsad Livins, Maija

Antonova and Aina Plaude

Behaviour of the complex dielectric permeability= —i and polarisation in relaxor
electro-optical PLZT 8/65/35 ceramics modified by admixture of fDdied within the 20 —
4000C range of temperatures at frequencies from 130 Hz to 1 Midpasted. Admixture of
Cu is found 1) to shift the maximums ofT) and (T) curves to a higher temperature, 2) to
increase polarisation, 3) to affect essentially the dieteotfaxation behaviour of PLZT as a
result of a combined effect of relaxor dispersion and Debye-ligpedsion; 4) to produce
dispersion of the 1/n type ( =2 f is the angular frequency; 0<n<l1) at high temperatures.
Involvement of different dispersion mechanisms at increasingddcentration is explained by
diversity of the mechanisms compensating the effects ofcCeptors possible implications of
the Maxwell-Wagner dispersion being discussed. The shift of {fi¢ maximum and the
increase of polarisation are explained by the Jahn-Tellertgtfee axial Cu2+ being Jahn-

Teller ions).
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LABORATORY OF VISUAL PERCEPTION

Head of Laboratory Prof. M.Ozolinsh

Human vision is a complex phenomenon. Its optical part is essdrgiggver optical
image stays only at the very beginning of the visual pathwayrdodration processing in the
cortex. We see with our brains, and as a result in some prowcases it is very hard for us to
accept the final outcome. Laboratory is a joint between @pliesin institute and Department
of Optometry and vision science of the University. Most op&&nent’'s Master thesis have
been accomplished due to collaboration between units. In 2012 maor2Q@ Bachelor’'s and 10
Master’s thesis have been completed under supervision of laborasegrchers.

Research in laboratory is focused on following problems:

- investigation of smart optical materials and designs with cdaltdel optical, electrooptic,
refractive properties such as pjezooptic and electrooptic ialaten order to accomplish
effective radiation wavefront control, modification of light teeing and other optical
characteristics;

- effect of aberrations in eye structures and appliancestimalranage formation and on the
psychophysically detected human visual response, accomplishing adaytosecompensation
of optical objects aberration errors with fast control feedback

- studies of binocular and stereovision, suppression and rivakiianisms of binocular
vision, evaluation of suppression strength and depth effect on qoililsion binocular
functions;

- fast eye kinematics studies for children and adults without @hdseveral disorders of visual
perceptions, eye kinematics studies in sport vision.

- evaluation of accommodation/convergence mechanisms readingnptirials and for regular
computer users;

- digital visual stimuli image processing determinant falyse of the human visual response;
- multispectral material surface reflectance and emisaiaitysis in visible and near IR and UV
range, and its visual recognition by humans with normal and colagretéfvision;

- providing illumination and material visual appearance testing espend quality of products

correspondence according to standards.
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Wales University of Cardiff, The School of Optometry and Vision sc&nc
(Prof.T. Wess)

MAIN RESULTS

MODELLING THE APPEARANCE OF CHROMATIC ENVIRONMENT U  SING
HYPERSPECTRAL IMAGING.

Ausma Gutmane, Kaiva Jurashevska and Sergejs Fomins

Color vision test called KAMS was created to determine a@solution threshold for
each individual with red-green color vision defects. The aim @fsthdy is to determine how
long the test will be useful for it's purpose?

Purpose: Analyse changes over time of isochromatic color pair's phaygarameters
and changes in color perception of participants with color visicectkef

Method: Take 2 different physical measurements once in a month for botledrint
copies of obtained isochromatic color pairs:

1. The chromaticity coordinates (X, y) and brightness (Y) by Konidaokh CS - 100A
colorimeter at standard light source D65 (T = 6500K) in the Supgigba GT - 100W1 light
box.

2. The color values with the multispectral camera CRI Nuafis®7 with Nikon AF Micro-
Nikon 60mm F2.8D objective at standart light source D65 in therSdagight GT - 100W1
light box in a range of wavelength from 420 to 720 nm (with a step ofr)0

And secondly, to perform psychophysical measurments on people withvisibn deficiency.

Results: Color samples were measured 9 times (from the May 2013 to Ja2ub4y.
Changes inKE of isochromatic color pairs were insignificant during these dhths. For
example, for one individual green - gray color plate that wedd in daylightKE value for the
light sample pair measured in May is 27 units, but when measurdahuary it is 23 units.
From so far analysed data we can observe tendency that the gled samples might be

fading faster than red colored samples.
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POSITIVE AND NEGATIVE CHROMOSTEREOPSIS USING LED DI SPLAYS
Maris Ozolinsh, Kristine Muizniece and Gunta Krumina

lllusory depth sense observing colour planar image such as inpagesnted on
computer screen is determined and analyzed. The colour diffetlesfiold needed to induce
the depth sense is determined. The induced effect polarity aévettse source image red plane
in front of blue plane is observed by partial covering of eye pugksaly or temporary. It is
explain by the changes of eye point spread function taking into acaaoted ray source and
longitudinal chromatic eye aberrations. Illlumination conditions affiee inducing of colour

stereopsis due to changes of pupil size.

VISION SCIENCE AND PSYCHOLOGY APPROACH TO ADAPTATIO N
PROCESSES
M. Ozolinsh, D. Lauva and O. Danilenko

We have experimentally studied visual adaptation processescamgiared results in
various visual perception tasks. Adaptation stimuli were denaiadton computer screen and
differed each from other by their luminance, colour, duration and dgsarelated to the
excited retinal and consequently the cortex neural cells anéspomding visual areas. Depth
and characteristic times of adaptation processes depend onpésception task. The slowest
characteristic times (in range up to 10 sec and more) from dtyatiecesses are for adaptation
to size of moving targets exciting retinal cells by equilumirend isochrome stimuli, that are
processed along parvocellular and magnocellular visual pathwaysas#iime that neural cell
physiology lays on the base of this kind of size adaptation. Anothdr i size adaptation
where retinal cell excitation is static realizes in Ebbinghbwsion. Here parallel to ongoing
adaptation process brain uses also previously acquired knowledge toshititkie decision
about stimuli size, and physiological effects dominate overhmggical effects in perception
of such stimuli. Over- or underestimating sizes in Ebbingh#&usadh with non-moving stimuli
realizes much faster, and the degree of perception errorscpligctioes not depend whether
margnocellular or parvocellular visual pathway are activatedorirary to adaptation to

dynamic moving targets.
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VALIDATION OF A METHOD FOR MEASURING THE RETINAL TH ICKNESS
WITH SHACK-HARTMANN
ABERROMETRY IN AN ARTIFICIAL EYE

Varis Karitans, Liene Jansone, Maris Ozoliasid Gunta Krumina

In Shack—Hartmann aberrometry, it is assumed that a waveeinerges from a single
point focused on a retina. However, the retina is a multidalystructure and reflections may
occur from several layers. This may result in several overlggpot patterns on the CCD due
to different vergences of the outgoing wave fronts. The amounhimhwhese spot patterns are
displaced may contain information about the retinal thicknesshitn study, we perform
simulations of formation of double spots in a living eye and also appymethod to measure
the thickness of an artificial retina with a simple structWe also compare the results obtained
with artificial eye and compare them to the simulated d&taevaluate the recommended range
of the lenslet parameters for analyzing the retinal thickn&%® conclude that this method could
be used in a living eye for estimating the total retinatkimess and to confirm retinal
pathologies associated with significant increase in the tdhiikness like glaucoma, macular

edema, etc.

PUBLICATIONS
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optometry and vision scienceéaboratorine medicinaVol.16, Nr.1(61), p.38-42, ISSN 1392-
6470 (2014) .

2. Ozolinsh M., Muizniece K., Krumina G. ,Distortion of color images ort tamputer
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1857-7881 (2014).

3. Jurasevska KQzolinsh M., Fomins S, Gutmane A., Zutere B., and Pausus A. ,Color-
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DEPARTMENT OF SEMICONDUCTOR MATERIALS

Head of Department Dr.phys. A.Lusis

RESEARCH AREAS AND EXPERTISE

*Electrophysics and electrochemistry of specific semiconductaterials, mixed
conductors, ion conductors (transition metal oxides, bronzes, metaltds;drsolid
electrolytes, nanostructured and porous materials, composites etc.
» Material preparation methods: thin and thick film technologiekgel process, leaching,
sonochemical processes, pyrolysis spray coating, electrocheamchlelectrophoretic
deposition.
* Functional coatings and multi layer electrochemical system
* Functional fibers (glas and hemp) and textiles for technpgalication.
» Material characterization by spectroscopic methods (Ranstesng, Furrier IR, optical
and Xray absorption, EXAFS), electrical and electrochenimpkdances, Mott-Schottky
plott, photoelectrochemical, SEM, AFM, TGA/DTA, etc
* Solid state ionics:

- electro-, photo-, thermo-, chemo- or gaso-chromic phenomenarigitton metal

oxides

- structural changes due to ion intercalation

- lattice dynamics and structural and electronic phase tramsiti

- solid state reactions at interfaces electrode — solidrelge

- gases and ions sensing phenomena and detection technologies
» Hydrogen absorption phenomena in metals, semiconductors andarsulat
» Development of hydrogen generation equipment and new nano structatedals for
hydrogen storage
* Renewable energy technologies (solar, static electrigayer, microbial fuel cells);
* Development of cathode materials for Lithium and Sodium thim btteries;
» Odour removal with low temperature plasma discharge technslogie
» Kinetic of gas medium reaction with solid surface, glasrfileactions witlthe environmental

gas.
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RESEARCH TOPICS

lon transfer in solids, over two phase interfaces and compastegell as structural
changes due to ion intercalation, lattice dynamics and struetuiaglectronic phase transitions.

lon transfer problems related to electro-, photo-, chemo-, thehmnic phenomena in
transition metal oxides as well as to solid state reactionsitetfaces electrode — solid
electrolyte and electrode water.

Application of electrical and electrochemical impedances faracterization of ionic
systems, nanostructured and porous materials, composites.

Development of nanostructuring methods and coating technologies foohalidation
of plate glass and fiber glass surfaces as well investigatfluence of ultrasound on leaching
processes, pores structure and ion exchange of glass fibers.

Application of thermal analyses (TGA/DTA) and sorptometry forestigation of
porous materials and absorbing capacity of functional species.

Investigation of stability of materials for electrochemicallti layer systems and
electrochromic coatings as well as intergrain activitysolid electrolyte layers based on
polymer composites.

Development methods and techniques for functilization

Thin films preparation by magnetron sputtering techniques.

Servicing of common research facilities: thin film vacuurateng machines, TGA/DTA
equipment and powerful ultrasound bath-reactor.

Membranes and membrane/electrode systems for fuel cells asépgration.

The technologies for hydrogen production, storage, transportation, ajgpig in
transport and stationary applications; for energy storage andria@tgfteat generation;
synthesis and research of new materials for hydrogen techesl@ectrodes in electrolysers
and microbial fuel cells, structured nanomaterials for photoelgsis, hydrogen storage
media, polymer membranes and membrane-electrode assembligsl felis);

Lithium intercalation materials and their application for tfilm rechargeable battery;
the technologies for electricity generation from renewablgar(sstatic electricity, water, algae
and microorganisms);

Odour removal with adsorbents and corona discharge technologies;
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X-ray Absorption Spectroscopy of functional materials and developmeat\@nced
EXAFS data analysis methodologies, based on Molecular DynamicReverse Monte Carlo
methods.

Confocal laser spectromicroscopy.

The use of high performance computing for functional materials siionsat

The magnetic ions exchange interaction in the antiferromagnetieokeO-MgO solid
solutions were studied using of optical absorption, luminescence, EBRI Raman
spectroscopies: exchange interaction between radiation dafettsansition metals ions in the
dielectric crystals doped with the transition metals ions

EPR, FTIR, Raman and optical spectroscopies study of humaah lalfter irradiation

The use of high performance computing for functional materiad$ firinciples and
Molecular Dynamics simulations.

Investigations of tritium release properties of neutron mudtigdieryllium materials for
fusion reactor development. Analysis of tritium distribution in plagacing carbon-based

components.

Laboratories of Semiconductor Material Department

Laboratory of Solid State lonics — Head of Laboratory Dr. gndrejs Lusis
Laboratory of EXAFS Spectroscopy — Head of Laboratory Dr. hals.pRurans
Laboratory of Hydrogen Energy Materials — Head of Laboratery.Riepers
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3. G.Bajars, Dr.chem. 3. A. Kurstis 3.A. Kalinko 3.A.Ecis

3. G.Chikvaidze, Dr.phys. 4.V.Lemcevs | 4. G. Kucinskis |4 l.Jomane
4. J.Gabrusenoks, Dr.phys. 5. K. Vilnis 5. P. Nazarow 5 K.Lazdins
5. L.Grnberga, Dr.phys. 6. M.Polakovs | 6 P.Lesnicenoks
6. J.Hodakovska, Dr.phys. 7. J. Timoshenko| 7.l.Liepi a

7. R.Kalendarjovs,Dr.phys. 8. M.Vanags 8. K.Kaprans
8. A.Kalinko, Dr.phys. 9. L.Kazule
9. J.Kleperis, Dr.phys. 10.A. Knoks

102



10
11
12
14

15
16
17
18
19

J.Timoshenko, Dr.phys
20. G.Vaivars, Dr.chem.

21. A.Vitins, Dr.chem.

. J.Klavins, Dr.phys. 11.AKr mi a

. A.Kuzmins, Dr.phys 12.R.Janeliukstis

. A.Lusis, Dr.phys. 13.M.Rublans

. N.Mironova-Ulmane, 14 1.Skarda
Dr.hab.phys 15.A.Sivars

. J.Dimants, Dr.oec. 16 U.Sidarovia

. A.Pavlenko, Dr.eng.sci. 17.AZle

. E.Pentjuss Dr.phys. 18.M.Zubkins
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University of Latvia, Faculty of Physics and Mathematics.

University of Latvia - Department of Chemistry (Dr. Gz#&ne, Prof. Dr. A.\ksna)
University of Latvia, Faculty of Biology (Prof. I.Muizniek®rof. V. Nikolajeva) and
Faculty of Economics and Management (Prof. B.Sloka)

University of Latvia, Faculty of Medicine

University of Latvia, Institute of Physics (M.M. Maiorovs)

Riga Technical University, Institute of Inorganic Chemisiy. (J. Grabis).

Riga Technical University prof L. Berzina- Cimdina)

Riga Technical University - Institute of Inorganic Chemistir.(J. Grabis, Dr.
E.Palcevskis, Dr. A. Dindune)

Riga Technical University -Institute of Silicate MatésiéG.Me inskis).

10.Riga Technical University, Institute of ldustrial Electroniaad Energetics (Prof.

L.Ribickis, Dr. O. Krievs).
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12. Latvia University of Agriculture, Research Institute of &gitural Machinery,
13. Institute of Physical Energetics, Riga
14. Latvian Electroindustry Business Innovation Centre (LEBIC).
11. Latvian Hydrogen Association
12. Association of Light Industry Enterprises (V.R.U.A)
13. Latvian Industrial Hemp Association (LIKA)
14.JSC “Valmiera Glass Fiber”
15.JSC “Sidrabe”
16.JSC ,Riga Electric Machine Building Works”,
17.SIA .EMU PRIM”,
18.IC ,Plazma PL",
19. SIA “Adviser Union”
20.Housing and Environment Department of Riga City Council, Riga,
21.Riga Energy Agency, Riga City Council
22.Latvia University of Agriculture, Research Institute of igitural Machinery,
15. Institute of Physical Energetics, Riga
16.Latvian Institute of Wood Chemistry (Dr.hab. G.Dobele, Dr.habralitis)
17.Latvian Electroindustry Business Innovation Centre (LEBIC).
18.Latvian Hydrogen Association
19. Association of Light Industry Enterprises (V.R.U.A)
20.Latvian Industrial Hemp Association (LIKA)
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24.SIA .EMU PRIM",
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27.Housing and Environment Department of Riga City Council, Riga,
28.Riga Energy Agency, Riga City Council
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Tartu University, Institute of Physics (Tartu, Estoniap(PM. Brik, Dr. I. Sildos).

France
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1. SOLEIL synchrotron center (Paris, France) (Dr. P. Roy).

2. CRMCN/CNRS, Universite de la Mediterranee, UMR 6631 CNIR&rseille, France) (Dr.
D. Pailharey)

Czech Republic

1. Institute of Physics, AS CR, Prague (Prof. V TrepakovADDejneka)

Germany

1. Max-Planck-Institut fir Festkorperforschung (Stuttgart, Gagma Prof. J.Maier.

2. Institute for Applied Materials-Applied Materials Physi€arlsruhe Institute of Technology
(Karlsruhe, Germany) (Prof. A. Mdslang, Dr. M. Rieth, Bx.Vladimirov)

Italy

1. University of Trento (Trento, Italy) - Prof. G.Dalba, P#@fFornasini

2. IFN-CNR CeFSA (Trento, Italy) - Dr. F. Rocca.

Lithuania

University of Vilnius - Department of Physics (Prof. A.QKas)

Lithuanian Institute of Energetic (Prof. D. Milcius, Dr. IMlis)

Norway

Institute for Energy Technology, Kjeller, Prof. Volodimir Yartis

Japan

1. Tokyo Institute of Technology, Tokyo (Prof. M. Itoh)

Russia

1. Joint Institute for Nuclear Research (Dubna, Russia)f.(RmM. Balagurov)..

2. St. Petersburg University (St. Peterhof, Russia) - Riéf. Evarestov

Spain

Instituto de Ciencia de Materiales de Aragon, Consejo Superibrvdstigaciones Cient ficas
and Departamento de F sica de la Materia Condensada, &ldagtde Zaragoza, Zaragoza (Dr.
J. Chaboy)

Sweden

The Angstrom Laboratory, Uppsala University, Uppsala, Swedemnf- €.G.Granqvist. prof.
G.A. Niklasson)
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MAIN RESULTS

LABORATORY OF SOLID STATE IONICS
Head of laboratory Dr. phys A. Lusis

ABSORPTION OF WATER AND CARBON DIOXIDE IN CARBONATED GLASS
FABRIC
Evalds Pentjuss, Andrejs Lusis, Janis Balodis, JevgenijuGawks, Gunars Bajars

The object of research was industrially produced fabrics of N&rAjlass fibers. It is
known that Na+ ions diffuse to surface of fibers [1] and due to ceaatith HO and CQ from
atmosphere form here the thin (about 1pm) carbonated shelld@%istng of trona (Na
H(C0s),)MH,0) determined by thermo gravimetric analysis. The investigen showed [2],
that the experimental weight uptake—til®1 (t) curves for the beginning period up to some
tenths of hour after heating of samples are well-fitted>(®99)to regression of

NM (1) = Ao - Arexp (-t/t) - Acexp (-t/b). Q)
Ao, A1, Az in (1) are weight constants andt are time constants; (t t,), lim NM(t)=Aq when
tO and limNMy(t)=Aexp(-t/t)= A;, and ImNM(t)=A,, when t 0. In relation A=A;+A..

The current work was devoted to explain the meawoingarameters in relation (1) and
using the relation (1) to explain the weight uptake processes. Tiegedi fabric weight
recovery atmospheres showed that the first component (with shgrtef relation (1) is
sensitive to concentration of G@nd second one to,8. The weight recovery by GGs much
more fast compare toB (<<t;), but amplitude of weight recovery is many times less
(A1<<A;). The time constants;(tt;) and amplitudes (A A,) of both absorption processes
highly increase after heating of samples at temperaturess lmginning of decomposition of
trona before. The reasons of observed dependences there areediscuss

The high degree of coincidence #R.999) of experimental points and regression
function indicates to successful use of method to investigatbgwption processes in similar
structures.

References
[1] B. W. Veal, D. J. Lam and D. P. Karim, J.Nucleachinology51, 136 (1980)
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[2] E. Pentjuss, A. Lusis, G. Bajars and J. Gabrusenoks, DP Series: Materials Science

and Engineeringd9 012044 doi:10.1088/1757-899X/49/1/012044 (2013)

FIRST TIME CHARACTERISATION HEMP FIBRES NONWOVEN TEX TILE

Uljana lljina, Andrejs Lusis, Janis Balodis, Evalds Pentjuss

Hemp fiber nonwovens etched and coated with metals and oxides SEbyraip
(Fig.1 — Fig.3) analysed moisture content by TGA. There arempiesd some first time

MATERIAL

overview SEM micrograph structure and coatings influence on it.

The research shows that even, relatively thin and flexible nomsovan be obtained

from double folded complex carding webs using hydroentanglement metBOdbat pressure

and speed of 2m/min. Unlike fabric samples, nonwoven samptastagimilar water quantity

irrespectively of surface modification. The smallest actigsistance at low frequencies is

typical for samples with coatings on both sides. The samples wigcd kept in normal

climatic conditions can be characterised by reactive (ctiyciesistance, though after keeping

them in moisture the resistance decreases and at low magsdecomes active. The samples

with active resistance under normal climatic conditions increasistance under humidity

influence.

50 um;

5um

Fig. 1. Hemp nonwoven with out coating for differ&EM scale
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SEM MAG: 10.0 kx Det: SE
View fleld: 20.8pm | SEM HV: 5.0 kV

TAE 4 S
SEM MAG: 50.0 kx Det: SE
View field: 415pm | SEMHV:50kV  1um

50 um;

5um

1um

Fig. 2. Hemp nonwoven etched with argon plasmalifierant SEM scales

‘SEM MAG: 1.00 kx Det: SE

View fiald: 207pm  SEMHV: 50KV | 50 pm

LYRA3 TESCAN|
SEM MAG: 10.00 kx Det: SE
Lucrl View field: 20.8pm | SEM HV: 5.0 kV

‘SEM MAG: 50.0 kx Det: SE
View fleld: 415 pm  SEMHV:50kV | 1pm

50 um;

5um

Fig.3. Hemp nonwoven coated with CuO for differ@8EM scales
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TGA datz:

— - Bez
arkl.
e K 010213

Mass loss, %

T, °C

Fig. 4. Mass losses coated hemp nonwovens aft@irigeen room coditions
The research shows that even, relatively thin &ddie nonwovens can be obtained from double fdidemplex
carding webs using hydroentanglement method at2@tessure and speed of 2m/min. Unlike fabric dasnp

nonwoven samples attract similar water quantigsipectively of surface modification (Fig.4). TheNGE

micrograph will be continued to deeper analyseb wiagnetron sputtering conditions

ELECTROPHORETICALLY DEPOSITED NANOSTRUCTURED
REDUCED GRAPHENE OXIDE AS ELECTRODE MATERIAL FOR
LITHIUM ION BATTERIES

Kaspars Kaprans, Gunars Bajars, Janis Kleperis, Andrejs Lusi

Recent advances in the technology of microelectronics demand pogver sources.
Thin film technology offer an option of miniaturizing power sourddest of the thin film
electrode materials used in current batteries are depositeBRFbpr/and DC magnetron
sputtering. Other methods include a variety of physical and cheém@&por deposition

processes, such as aerosol spray coating and pulsed laser diepdsivever above mentioned
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methods demand high material or energy consumption or they atigeigl slow processes and
require expensive equipment.

This work addresses the feasibility of an electrophoretic diémogEPD) method for
the preparation of graphene film electrode for lithium ion bage&#D technique has many
advantages such as low deposition temperature, low consumption gy esewell as low cost
and simplicity of equipment. Electrophoretic deposition (EP3niseconomical and versatile
processing technique that has been applied in deposition of coatidgdms, as for example
phosphors for display. It has many advantages in the preparation &frtts from suspensions,
such as high deposition rate and throughput, good uniformity and contifuld&dess of the
obtained films, noneed of binders, and simplicity of scaling up. [1]

Graphene is a new class of two dimensional carbon nanostructure exaegtional
high electric and thermal conductivity and mechanical stiffndesv electrode is made from
sheets of graphene which is capable of accommodating ntowerlitons and therefore delivers
higher energy density than traditional carbon or graphite materials

Graphene oxide nanosheet film was electrophoretically depositddadrsgbstrate from
a stable water suspension with constant concentration 5 mging potenciostatic mode with
the range of electric field 5-30 V/cm. Under the applied eteéeld, the negatively charged
graphene oxide flakes migrated toward the positive electrodewara subsequently orderly
deposited onto the surface of the positive electrode. The thickhéss graphene films could
be tuned ranging from several nanometers to a few micrométegsdeposition electric field
was varied in order to obtain films with different thickness andgitlerGraphene oxide thermal
treatment was performed by heating at 100 °C in argon/hydrogen i@wained graphene
layers were analyzed by scanning electron microscopy, X-r#fyaation and Raman
spectroscopy. These methods confirm the formation of homogeneous grapéetnias. The
application of these films as an electrode for lithium ionebes was tested by various
electrochemical methods such a voltammetry, chronopotentiomatny, electrochemical
impedance spectroscopy (EIS) measurements which were perfongaphene thin films in
three-electrode cell. The measurements in an open circtgt stearged and discharged states
and during charging and discharging processes were carried out.

The financial support of Latvian project of scientific cooperat666/2014 is greatly
acknowledged.
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LiFePO,/C/REDUCED GRAPHENE OXIDE COMPOSITE LITHIUM ION BAT TERY
CATHODE WITH IMPROVED RATE CAPABILITY
Gints Kucinskis, Karina Bikova, Gunars Bajars, Janis Kleperis

The large specific surface area of

2 i ® LiFePO4/C
graphene along with the superior electronic E e ) 5 C o LiFePOL/C/GO
conductivity suggests that graphene can be | @s""81c

S it >
used as an additive for improving electronic §. -nh.svc.lo c

ductivit i i it 3 0 c
conductivity in  various composites, & - I
including lithium ion battery electrodes. 2 S. 40 C

. . . . A
LiFePQ, is a lithium ion battery cathode Cyele No,

material with a particularly low electronic

|Fig.1 Rate capabilities of LiFeR@ and

conductivity. An increase in the overal LIFePQ/C/rGO composites

LiFePQ, cathode electronic conductivity
can lead to significant improvement of its electrochemical ptigseHowever, little is known
regarding the optimal morphology and grain structure of LikéBQuced graphene oxide
(rGO) composites.

In this research work LiFeRLZ/rGO composites were synthesized by adding rGO and
GO (graphene oxide) followed by thermal reduction at various steaps aiFePQ/C synthesis
obtaining composites with various grain structures and morphologiesadtiteon of rGO and
GO improved the rate capability in all cases. The superbcegiability of LiFePQC/rGO
composite can be seen in figure 1. However, it was deternti@dhe optimum mixing of
LiFePQ/C and rGO can be obtained by adding GO during the initial staigég~ePQ/C
synthesis. This ensured better LiFgRDanchoring on the rGO sheets due to the hydrophilic
nature of GO, therefore improving the electrical inter-pkrtcontact and providing superior
rate capability when compared to other LiFgRIrGO composites.
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LABORATORY OF EXAFS SPECTROSCOPY

Head of laboratory Dr.habil.phys J. Purans

RESEARCH TOPICS

X-ray Absorption Spectroscopy of functional materials and developmeat\@nced
EXAFS data analysis methodologies based on Molecular DynamicReverse Monte Carlo
methods.

Thin films and HIPIMS magnetron sputtering technologies.

Confocal laser microscopy and Raman spectroscopy.

The use of high performance computing for functional materied$ firinciples and
Molecular Dynamics simulations.

Exchange interaction between radiation defects and transitionlsmets in the

dielectric crystals doped with the transition metals ions.

MAIN RESULTS

X-RAY ABSORPTION SPECTROSCOPY STUDIES OF LOCAL STRUCTURE AND
THERMAL DISORDER IN CRYSTALLINE AND NANOCRYSTALLINE
MATERIALS USING REVERCE MONTE CARLO METHOD
J. Timoshenko, A. Anspoks, A. Kalinko, A. Kuzmin, J.Purans

The work has been selected by Latvian Academy of SciencheaBEST ACHIEVEMENT
OF THE SCIENCE OF LATVIA in 2014

Material properties are determined by their chemical cortipesand equilibrium
structure as well as by dynamics and correlation effectseoattimic scale. All this information
is encoded in X-ray absorption spectrum (XAS) of a matevisd. have developed a new
numerical simulation method, which allows one to reconstruct ittimmation from the
analysis of XAS. The method is based on the modelling of localrisdaséructure using the

evolutionary algorithm - an approach that mimics genetic procé@ssles natural systems. The
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method combines the possibilities provided by modern XAS theory andbtdeahigh
performance computing resources and significantly expands the amauafarofation which
can be obtained from the XAS analysis of complex crystalliree reanocrystalline materials.
The method has been employed to the analysis of a number of ptilorgsGe, Re@
HxReQ;, ZnO, SrTiQ and ;O3 as well as nanocrystalline Cow@uwWQ, and Mn..Co, WO,

materials. More details can be obtained at http://www.dragewax/.

LOCAL STRUCTURE STUDIES OF SrTi %03 AND SrTi*0;
A. Anspoks, J. Purans

By comparing the Ti K-edge XANES of SHD; and SrTi0; we have identified the
isotopic effect in SrEfO; which produces al <100 K a strong deviation of mean square
relative displacement of Ti-onds from the Einstein model. The corresponding amplitude of
the XANES pre-peak ‘B’ at 4671 eV increases when temperatureeates. As in this
temperature region it is unlikely that the atom oscillationpléode increases, this is an
indication of increasing off-center position of the Ti atom in th®gToctahedra. This
hypothesis has been supported by the optical second harmonic signal ishicfter sharp
decrease at the ferroelectric phase transition temperdawty glecreases, having non-zero

value even at 100 K.

TEMPERATURE DEPENDENCE OF THE LOCAL STRUCTURE AND L ATTICE
DYNAMICS OF WURTZITE-TYPE ZnO
J. Timoshenko, A. Anspoks, A. Kalinko, A. Kuzmin

Temperature-dependent (10-300 K) Zn K-edge extended X-ray absoipgastructure
(EXAFS) spectra of polycrystalline wurtzitetype ZnO werelgred using ab initio multiple-
scattering theory and taking into account anisotropy of the coygtaphic structure and
thermal disorder. We employed two different simulation approacHassical molecular
dynamics (MD) and reverse Monte Carlo coupled with an evolugoaklgorithm (RMC/EA

method). The accuracy of several force-field models, whichcanemonly used in the MD
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simulations of bulk and nanostructured ZnO, was tested based on a isomgmatween the
experimental and simulated Zn K-edge EXAFS spectra. It aasdf that available force-field
models fail to describe accurately many-atom distribution fanstiA more accurate solution
was obtained with the RMC/EA method, which allowed us also toveedbe non-equivalent
groups of atoms in the first two coordination shells around the absatbiagpm and to follow
the changes of structural parameters as the temperaturd.Marvas found that upon increasing
temperature the structure of ZnO becomes more anisotropicodtie tincrease of internal

parameteu of the oxygen Wyckoff position (2b) and related-ZD, distances.

STRUCTURAL, ELECTRICAL AND OPTICAL PROPERTIES OF ZI NC-IRIDIUM
OXIDE THIN FILMS DEPOSITED BY DC MAGNETRON SPUTTERI NG
M. Zubkins, R. Kalendarev, J. Gabrusenoks, K. Vilnis, A. AzewkJa Purans

ZnO-IrG;, thin films were deposited on glass by DC reactive magnetroespgt at
room tem-perature. Structural, electrical and optical progewire investigated as a function
of iridium atomic concentra-tion in the films. XRD data shohat ZnO-IrQ thin films are X-
ray amorphous and Raman spectrum resembles the spectrumyofviti@ut any distinct
features of wurtzite ZnO structure. The lowest film régigt and the highest transmittance
achieved in the present study were 1.4 X P@m and 33% at 550 nm, respectively. However,

resistivity and transmittance are inversely related tarithi@m concentration in the films.
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LABORATORY OF HYDROGEN ENERGY MATERIALS

Head of laboratory J. Kleperis

RESEARCH AND DEVELOPMENT OF MATERIALS AND DEVICES F OR
HYDROGEN ENERGY TECHNOLOGIES

G.Bajars, J.Chikvaidze, J.Hodakovska, L.Grinberga, A.Knoks, deiike J.Klavins, A.Lusis,
A.Sivars, J.Straumens, G.Vaivars, M.Vanags, L.Jekabdafeunitis, P.Lesnicenoks,

V.Nemcevs, |.Dimanta, S.Valucka, B.Sloka, J.Dimants

Hydrogen production studies

Photo-catalytic water splitting. Self-oriented TiQ@ nanotubes with predetermined geometrical
parameters are grown and photocatalytic parameters invedtigdi€®, nanotubes growth is
based on electrochemical anodization in NaF ag®kl, H3PO, solutions with different F ion
concentration and Pt and Ti as electrodes. After anodization preaeples are annealed at
400°C to 600°C in air. Morphology (SEM), structure (XRD, Raman spectroscapglyses are
used to characterized obtained self-oriented nanostructurs (Figimedocatalytic activity is
determined by using open circuit

potential measurements with calomel

reference electrode in Nag©lectrolyte

and light from high pressure xenon

lamp. TiG nanotube growth process is

separated in 3 stages (Figure) — 1)

initiation and thin oxide growth, 2)

selective dissolution and pore formation

(Figure), and 3) dissolution/formation

equilibrium, nanotube growth in length.

It is found that higher voltage allows to

growth nanotubes with larger diameter and with higher percemtagater in electrolyte the
tubes are smoother, but best results are reported from orgautiors®l Photo-catalytic activity
is higher for TiO2 nanotubes with wider diameter. Another from tatenals able to fulfill the
requirements of efficient photo-electrode is alpha-phaséc fexide (hematite -Fe0s). In

stoichiometric mixture the hematite is an insulator, but tyjyick is non-stoichiometric
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material with oxygen vacancies, as a result is the changkedfical properties from insulator
to semiconductor. Hematite is a non-toxic, stable in a wideapger, cheap and with the proper
width of the forbidden gap close to the maximum of visible sadration. Anodic plating
method was used to obtain pure hematites,O3 thin films from plating solution FegD,02M
at 75 °C on the FTO/glass substrate (1.3 x 2.5 cm), whichdsesséhe working electrode. The
photocurrent of non-reduced thin film after light activation inseeavith some delay and
reaches the maximal value, then is descending until a satunaiue. The photocurrent of
reduced thin film increases very fast after light acirgtreaching defined value, and than
increase slowly without saturation.

Hydrogen storage studies

Hydrogen binding with carbon

nanostructures. The big challenge

for carbon nanoporous materials as

hydrogen storage media is to find a

structure with tunable porosity and

high specific surface area, where

hydrogen adsorbs strongly enough

on the surface as to form a

thermodynamically stable

arrangement but not too strongly so

that reversible fast

loading/unloading kinetics are

possible. To obtain graphene, the

electrochemical exfoliation and

water-plasma methods were used,

taking graphite industrial waste

road as working electrode. Samples

were exposed in Ar/H2 gas flow at

300°C for 3 hours and

characterized by X-ray diffraction,

SEM, elemental composition,

FTIR. Analysis of SEM pictures show opened few layer grahlt&)/graphene structures
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(Figure), with higher surface area than if it would be statégether — determined by BET
method - Mg FLG 0.43 m2/g and reduced FLG - 12.4 m2/g. EDAX XRFysisaihows the
presence of Fe, Si and some Ti impurities in graphite stibst@erial and obtained FLG
(Figure). Raman scattering was used to identify the presémggaphene in multistack material,
and preliminary experiments were done to test hydrogen absorptionlitgpalgraphene sheet
stacks, using thermal absorption/desorption methods. Two differeptesawere collected

from both — exfoliation and plasma methods — the light fraction ofriabtieat floated on the
top of solution, and heavy fraction which sank at the bottom of thémul\Yith graphene in
FLG structures the hydrogen can interact using physisorption and chetoisdorces, poorly
appearing in FTIR spectra (Figure); another possibility is too#xpkercalation of hydrogen
between FLG sheet stacks (distance between sheets is impdt@vesting hydrogen from
liquid phase. Usage of metal hydride to harvest hydrogen from liquskghaing dark
fermentation of biomass. It was proved that hydrogen over-satugtenomena in liquid
phase during dark fermentation process occur. The task is to réwyanagen from liquid
phase. Metal hydrides forming alloy powders with mass around 10 ghefage were
activated in vacuum (10-2 bars) heating them up to 130 oC and evatheteexposed to
hydrogen (2 bars) for %2 hour and finally cooled down to room tempersitaultaneously with
evacuation. Argon is used to preserve activated alloys untildbeiact with culture medium.
Bacteria: Hydrogen producears - Enterobcater aerogenes from Microb&h &ollection of
Latvia (MSCL) and Escherichia coli BW25113 hyaB hybC hycA fda& aceE IdhA::kan
(from prof. T.K. Wood, Texas A&M University, USA) were usext fermentation experiments.
Sample characterization: Differential thermogravimetric method DTG-60 (Shimadzu) was
used to measure amount of adsorbed hydrogen in alloy — before anthaftsntact with
microorganisms. The bacteria produced gas mixture from serunesbeitls collected with a
syringe, and subsequently injected in the mass-spectrometerrB@GA8® (HyEnergy, Setaram,
France) for calculation of amount of hydrogen gas in the gas .pB&dé-FIB Tescan Lyra
microscope was used to analyze morphology of alloy grains beforexfserdcontact with
microorganisms. After fermentation process for 72 hours, metaideydioys were measured
for hydrogen storage capacity using thermogravimetric method. Thrésur hydride alloys
were effective and they are compared for storage propettiedind that hydrogen starts to exit
metal hydride alloy below 50 C, reaching weight loss from 0,16%4 % at 1506C, when the

weight of reference sample stabilizes but weight of allopdé@ contact with Esherichia coli
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continues to decline. Some hydrogen uptake by in alloy is notisednasubstrate bubbled with
hydrogen gas, and smallest amount of hydrogen is detected in atlry contact with
Enterobcater aerogenes (light blue curve.

Studies of proton transport in membranes

Proton transport studies is important because most important part of fuel cell is solid
electrolyte:  proton  conductive

polymer. In our research the

attention is paid to sulfonated

polymers poly(ether-ether-ketone)

(SPEEK) and Nafion as reference.

To improve characteristics of

SPEEK polymer, inorganic

components are added to SPEEK

and reference membrane.

Conductivity = dependence  on

temperature and related parameters are measured to caffpatef dopant concentration and
treatment. To measure impedance four electrode method is ysdetinum electrodes were
placed on membrane’s surface: outer two were connected to currfageswoltage drop was
measured between inner two on the other side of membranergfign such electrode
configuration surface conductivity influence is omitted. Measurgsnavere performed in
thermostatic bath and potentiostat Voltalab PGZ 301 (Radiometer tisadly As dopant
inorganic component TiDwas used, and activation agent was HNOIlution in water. The
conductivity of membrane has characteristic dependence on teomperand activation
procedure has more significant influence on SPEEK membranend\ddi TiO, decreased
overall conductivity of all tested polymer membrane samples& conduction processes are
observed in composite membranes, what is explained by bulk we@tductivity and charge

transfer along the channel borders in membrane.
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16th Int. Conf. "Advanced Materials and Technologies”, 27-31 Augst 2014, Palanga,
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32."Beyond quasiharmonic approximation: local structure of perovskites magative
thermal expansion” J. Purans (Plenary talk).

33.,Local structure studies of Ti for SrfD; and SrTi?0; by advanced X-ray absorption
spectroscopy data analysis” A. Anspoks, D. Bocharov, J. Puraf®ceEa, A. Sarakovskis, J.
Timoshenko, V. Trepakov, A. Dejneka, M. Itoh (Oral talk).

34."High-pressure x-ray absorption spectroscopy study of tin tungstAteBuzmin, A.
Anspoks, A. Kalinko, J. Timoshenko, R. Kalendarev, L. Nataf,dud®let, T. Irifune (Oral talk).

35.Properties of Carbonized Na-Al-Si Glass Fiber Fabrics.Entji&ss, A. Lusis, J.
Gabrusenoks, G. Bajars

36.A Comparative Study of Natural Fiber and Glass Fiber FaPrioperties with Metal or
Oxide Coatings. A.Lusis, E. Pentjuss, G. Bajars, J. Gabrusgdoksdorovicha
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37.Structure and Photocatalytic Properties of TiO2-WO3 Compositepakrd by
Electrophoretic Deposition. I.Liepinal, G. Bajarsl, M. Rublans2,usis1, E. Pentjussl

38.Electrophoretic Graphene Film Electrode for Lithium lon BatterKaprans, G. Bajars,
A. Dorondo, J.Mateuss, G. Kucinskis,. Gabrusenoks, J. Kleperisjsts

39.J.Kleperis, I.Dimanta, G.Bajars, G.Dobele, A.Dindune, @&a&fs (2014) Research on
controlled porosity composite thin layers and systems for enemyggst and conversion
applications. Book of Abstracts: Joint symposium RCBJSF-2014-FM&NJa, Latvia, p.400.

40.1.Liepina, G.Bajars, M.Rublans, A.Lusis, E.Pentjuss (2014)c8ire and photocatalytic
properties of TiQ-WO3; composites prepared by electrophoretic deposition. Book of Abstracts:
Joint symposium RCBJSF-2014-FM&NT, Riga, Latvia, p.405.

41.K.Kaprans, G.Bajars, A.Dorondo, J.Mateuss, G.Kucinskis, J.GCatols, J.Kleperis,
A.Lusis (2014) Electrophoretic graphene film electrode for lithiiom battery. Book of
Abstracts: Joint symposium RCBJSF-2014-FM&NT, Riga, Latviél (.

42.G.Kucinskis, K.Bikova, G.Bajars, A.Orliukas, K.Z.Fung, &péris (2014) Deposition
and in-depth electrochemical analysis of LiFgPfin films. Book of Abstracts: Joint
symposium RCBJSF-2014-FM&NT, Riga, Latvia, p.411.

43.,Local structure of multiferroic Mp.CoWOQO, solid solutions revealed by the
evolutionary algorithm®_J. Timoshenko, A. Anspoks, A. Kalinko, I. Jonafie Kuzmin
(Poster).

44. , Template-based synthesis of nickel oxide” N. Mironova-UlmaneKéezmin, I. Sildos
(Poster).

45."Preparation and characterization of tin tungstate thin fillasKuzmin, M. Zubkins, R.
Kalendarev (Poster).

46."Local structure and lattice dynamics of cubigO¥. an x-ray absorption spectroscopy
study” K. Lazdins, A. Kuzmin (Poster).

47.EXAFS study of the local structure of crystalline and nanodiystaY,Os; using
evolutionary algorithm method" I. Jonane, J. Timoshenko, A. KutRoster).

48."0ODS steel raw material local structure analysis usiAgyabsorption spectroscopy”
A. Cintins, A. Anspoks, J. Purans, A. Kuzmin, J. Timoshenko, BimMigov, T. Graning, J.
Hoffmann (Poster).
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49.Highly porous wood based carbon materials for supercapacitors. Adegsdalperts,
Galina Dobele, Aivars Zhurinsh, Daria Vervikishko, Eugeny Shkolnikdna Mironova-

Ulmane, llmo Sildos, Jurijs Ozolinsh (Poster).
50. Optical Properties of Natural and Synthetic Beryl CrysdlsSkvortsova, N. Mironova-

Ulmane, L. Trinkler, V. Merkulov (Poster).
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52.Determination of methemoglobin in human blood after ionising atiadi by EPR.

Maksims_Polakovs, Nina Mironova-Ulmane, Andreijs Pavlenko AiAhdting . (Poster).
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Canterbury, Kent, England, 19 July 2014
53. Optical Properties of Irradiated Topaz Crystals V.Skveasdl. Mironova- Ulmane, L.

Trinkler
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Head of Department Dr. hab. phys. Eugene Kotomin

RESEARCH AREA AND MAIN PROBLEMS

Our theoretical research interests are focused on sbeslas problems related to:
kinetics of diffusion-controlled processes, with emphasis on pdtierration and catalytic
surface reactions;
the atomic and electronic structure of numerous advanced matevitisemphasis on
calculations of properties of defects, surfaces, metaléitmuinterfaces.
theoretical simulations and experimental studies of nanostrucnatesaomaterials;
modeling of advanced functional materials for energy applicatifred €ells, ceramic
membranes, Li batteries, fusion and fission reactors);
gyrotron development for thermonuclear reactors
We combine several different techniques, including analyticehalisms and large-scale
computer simulations (quantum chemical methods, stochasticasiomsl as well as Monte

Carlo/cellular automata modeling) as described in our homepaméviattw 1. cfi.lu.lv/teor
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months), Eurasian National University, Astana, Kazakhstanegks), Photochemistry Center,
Russian Academy of Sciences, Moscow, Russia (10 days)

2. Dr. O. Dumbrajs, Fukui University, Japan (3 months)
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University of Tartu (2 weeks), CIEMAT, Spain (1 week)

4. Dr. D. Bocharov, University of Duisburg-Essen, Germany (1 ijont

5. Dr. Yu. Mastrikov, Institute of Applied Materials, Karlsrul@ermany (3 weeks), Eurasian
National University, Astana, Kazakhstan (2 weeks)
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and Inorganic Chemistry, Moscow, Russia (1 week)

8. Dr. Yu. Zhukovskii, St. Petersburg State University, Rus3ievéeks), Institute of General
and Inorganic Chemistry, Moscow, Russia (2 weeks)
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10.B.S. J. Kazerovskis, University of Ulm, Germany (10 months)

11.B.S. O. Lisovski, Uppsala University, Sweden (10 months)
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MAIN RESULTS

A. Electronic structure calculations for advanced meerials

HYBRID HARTREE-FOCK-DENSITY FUNCTIONAL THEORY CALCU LATIONS
OF OXYGEN VACANCY TRANSPORT IN COMPLEX PEROVSKITE O XIDES
D. Gryaznov, E.A. Kotomin, S. Baumann, R. Merkle

The hybrid HF-DFT calculations
based on the PBEO functional and the
LCAO basis set were combined with the
permeation measurements, in order to
analyze the formation enthalpy of oxygen
vacanciesV, in complex perovskite solid
solutions, like (La,Sr)Fefx (LSF) with
different Sr doping. The use of hybrid
functionals allowed us to reproduce the bulk
properties of these solid solutions and their
behavior as semiconductors.

The correctness of band gap is
important to calculate the formation enthalpy

of V, in LSF which is in agreement with

previous experimental
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Figure 1. The Mulliken charge oV, and magnetic

moment on Fe depending ath
Fe Vo

for LSF with 12.5%

doping (40 atom supercell with the nonstoichiome®y

0.125).
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studies on the formation enthalpy \¢f in LSF. Moreover, the LCAO basis set allowed us to
determine the electronic charge density within the vacancy (daelditional so-called ghost
basis set at the vacancy site) and find the correlation betitheecharge o, , the Fev,
distance and the magnetic moment on Fe. It is demonstrated tameful comparison of the

calculation results with the experiments requires the knowledgthe oxidation state of Fe

under experimental conditions and thus the relation between nonstoiclyi&®aatt Sr doping.
We have confirmed that the formation enthalpygf significantly decreases with the

Sr doping which greatly accelerates oxygen transport through p@meaembranes and
SOFC cathodes and thus improves their performance.

AB INITIO THERMODYNAMICS OF OXYGEN VACANCIES
AND ZINC INTERSTITIALS IN ZnO
E.A. Kotomin, T.S. Bjgrheim

ZnO is an important wide band gap
semiconductor with potential application in
various optoelectronic devices. Recently, we
have explored the thermodynamics of oxygen
vacancies and zinc interstitials in ZnO based on
first principles phonon calculations. While
formation enthalpies are evaluated using hybrid
DFT calculations, phonons are addressed using
the PBE and the PBEX functionals. The

phonon contribution to the formation entropy of

oxygen vacancies is similar for all functionals, Figure 2. Defect formation entropy from PBE &

while that of zinc interstitials is significantly PBE+U of Zn!" andV,, .
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lower with PBE+4J than PBE (Fig. 2), and we
suggest that the former functional is more suited
for investigating vibrational properties of ZnO.
Further, the phonon contribution to the
entropy is most dominant for oxygen vacancies,
and their Gibbs formation energy increases
when including phonons. Hence, phonons
decrease the formation energy difference of
oxygen vacancies and zinc interstitials and

render their equilibrium concentrations more

comparable at the very highest temperatures.

The analysis of the phonon density of states
(Fig.3) shows additional band due to oxygen
vacancies which could be used for defect

detection.

an

Densty of Stales/ arg Lnits

Figure 3. Phonon density of state of pure ZnO, and

with VO and Zn;' defects, calculated at tt®point of

——

SBE-L

Frequency : cm

the 3x3x2 supercell.

HYDROGEN-INDUCED METALLIZATION OF ZnO(

FIRST PRINCIPLES STUDY

1100) SURFACE:

E.A. Kotomin, J. Purans, Yu.F. Zhukovskii, A. Usseinov, A.T.|Bé&kov

To improve ZnO thin film production technologies, the effect ofirbgen on the

structural and electronic properties of different zinc oxide ased have been studied.

Specifically, during the growth of ZnO crystalline sampleg Highest growth rates were

achieved along the-axis and most favorable facets were found to b&0Q) and (1120)

characterized by comparatively low surface energies. Meamyvthé former has been found by

us as slighly more stable. Large scafteinitio calculations on H/ZnQ[100) systemhave been

performed combining the basis set of linear combination of atomhitals (LCAO) method

with the hybrid exchange-correlation Perdew—Burke—Ernzerhof (PRE@Ji6nal as has been

implemented in th&€RYSTAL2002omputer code. For simulation of hydrogen adsorption on

the (1100) surface, the slab model of finite thickness alongzthris and extended by (2x2) in
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the x andy directions corresponding to the periodic distribution of hydrogen adatasbden

chosen.

Figure 4. Differential electron density plots are drawn ftxe hydrogen atom upon the ZnC¥00) surface
positioned a) atop surface Zn ion; b) atop surfaden; and c) atop the hollow position. The solied) and dotted
(blue) isolines correspond to positive (excess) ra@ghtive (deficiency) electron density, respetyivencrement

for isolines is 0.00& within the range from 0.1 to 0.&.

We have studied adsorption of hydrogen atoms over different susites (Fig. 4)
varying their concentratioper unit cell. Energetically the most preferable adsorption bidws

been found adatom positions atop the surface oxygen ion. Hydrogen ad&omsdace the

surface energy of ZnQ(100) making it more stable (0.35.0.73 J/m) Since hydrogen atoms
are mainly produced by dissociation of Hholecules, the adsorption energy with such the
reference state are smaller by half of its binding endrgy, 1.58 eV). Electron densiy
distrbutions for H adatoms atop suface Zn (Fig. 4a), hollow. @by and O (Fig. 4c) sites
clearly confirm results of total nergy calculations. O-H bond patpan on the substrate is
much larger than that in the bulk (0.2¢5. 0.137€). Electron charge redistribution cleary
shows strong bonding around O sites and anti-bonding in the proximity ofesuffaions. A
comparison with ionic displacements on a perfect surface showsothegurface O and Zn ions
are displaced outwards and preserve the same ordering: O idmngher than Zn ions. The
density of states for adatom in three different positionslgleaow that even at 25% coverage
the adsorbed hydrogen shows the density of states in the eneggyoaerlapping the bottom
of conduction band, thus transforming ZnO thin films into a conducting &tagtallization).

An increase of hydrogen coverage up to 1 ML leads to a disappeafaheeband gap at all.
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AB INITIO MODELING OF RADIATION DAMAGE IN MgF , CRYSTALS
E.A. Kotomin, S. Piskunov, F.U. Abuova, A.T. Akilbekov, V.M. itsyn,

MgF, with a rutile structure is important radiation-resistant matevith numerous
applications due to its transparency from vacuum ultraviolet taregdr range of photon
energies. Optical devices (e.g., lenses and windows) produm@dniagnesium fluoride are
transparent over an extremely wide range of photon energies, iasoum ultraviolet to
infrared. Another advantage of Mgks high radiation stability: concentrations of stable
radiation defects therein are 3-5 orders of magnitude smallerirthalkali halide crystals.
Theoretical study has been based on the large abtalsitio DFT-LCAO calculations using
hybrid B3PW exchange—correlation functional and atomic basis set.

The primary radiation
defects are Frenkel pairs of
fluorine  vacancies  with
trapped electronsF( centers)
and interstitial fluorine atoms

which rapidly form the

. . Figure 5. The nearest (left) and well separated (rightH (110) pairs il
diatomic F, molecules _ o o

MgF,. Blue (light) atoms are fluorine ions, green (darlagnesium ion

(called theH centers) with & potted circle indicates position of a regular fit®rion before theH

regular F ion (Fig. 5). The center formation. Th& center is marked as a square while theerter
formation energy of the closeconsists of théll andH2 ions.

Frenkel pair has been found to

be 8.36 eV. The distance

between theF andH centers

is 1.85 A only. An interatomic

distance withinH center (diatomic molecule) is 1.87  Figure 6. The total electronic charge

A, considerably less than in frékcenter (1.96 A). distribution for the nearest H pair. Red

. . . colored lines correspond to 0.é@vhile
The electronic density plot for a cloBeH pair o S
density inside dark blue area lies within
interval 0.000-0.002 (other details are

the hole center and their strong mutual perturbation. described in Fig. 5).

(Fig. 6) confirms a strong anisotropy of the charges in
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Only ions nearest to the pair are slightly perturbed.

AB INITIO CALCULATION SOF SURFACE AND DEFECTS FOR
ABO; PEROVSKITE OXIDES AND MeF ,; FLUORITES
R.l. Eglitis

We have summarized recently in the review the resiltsalculations on surface
relaxations, energetics, and bonding properties for AB&rovskite (001), (011) and (111)
surfaces using mostly a hybrid description of exchange and carelatpresented. Both AO
and BQ-terminations of the nonpolar (001) surface and A, BO, and Qrtations of the polar
(011) surface, as well as B and Aterminations of the polar (111) surface were considered.
Upon the AO-terminated (001) surface, all upper-layer A atora ieward, while second
layer atoms relax outwards. For the B®rminated (001) surface, in most cases, the largest
relaxations are on the second-layer metal atoms.

For almost all AB@ perovskites, the surface rumpling is much larger for the AO-
terminated than for the BQerminated (001) surface, but their surface energies alwayguge
similar. In contrast, different terminations of the (011) ABSdirface lead to very different
surface energies for the O-terminated, A-terminated, addteBminated (011) surface,
respectively. A considerable increase in the Ti-O or Zrr€spectively, chemical bond
covalency near the (011) surface as compared both to the buié #ed(001) surface in ABO
perovskites were predicted. According to the results of ab in#ioulations for Nb doped
SrTiO;, Nb is a shallow donor; six nearest O ions are slightly atigal outwards from the Nb
ion.

The F center in ABQ perovskites resembles the electron defects in the pattially
covalent SiQ crystal rather than usual F centers in ionic crystalsNMg® and alkali halides.
The results of calculations for several perovskite Kb,Oz (KTN) solid solutions, as well as

hole and electron polarons in AB@erovskites are analyzed.
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The H center, a hole trapped at
an interstitial anion site, placed in the
bulk and at the (111) surface of
calcium fluoride Cal has been
studied by using DFT with B3PW
hybrid exchange potentials. The
center is oriented in the (111)
direction in the bulk case and along
the (100) direction in the surface case
(Fig. 7), and the hole is mainly
localized on the interstitial fluorine.

The surfaceH center leads to a Figure 7. Electron spin density contours in G with the

. H center in configuratiohl(111) from the (110) side vie
remarkable XY-translation of the

(details are explained in Figs. 5,6).
surface atoms. The hole induces an
empty energy levels in th&spin in
the band gap, located 2.9 eV above the
valence band (VB) top, corresponding
to the first optical absorption band,
and the surface effect heightens the
hole level considerably.

Density of states (DOS) calculations reveal tiathole band mainly consists of tHe
centerp-orbitals (Fig. 7), and the interstitial fluorine does the megortribution. Further study
regarding the electron-hole pair, namedd pair, in this paper, shows that the geometrical
structure is similar to aR center and ahl center paired together, whereas the hole localized on
theH center in the isolateld-center case, moves to the fluorine vacangy gite. The electron-
hole pair induces seven defect levels in the VB-CB gap, tHré®em located near the Fermi
energy, being occupied, and four of them located above the Feefifl@wming the hole bands.
The p-orbitals of the interstitial fluorine form the three eleatbands and the four hole bands

are composed of thee andp-orbitals of thevg.

137



RADIATION DEFECTS IN COMPLEX PEROVSKITE SOLID SOLUT IONS
E.A. Kotomin,Yu.A. Mastrikov, M.M. Kuklja,J. Maier

Recently, we have presented and discussed the results girifitsples calculations of
(Ba,Sr)(Co,Fe)@ known as BSCF perovskite solid solutions (Fig. 8a) containing Ipesint
defects (cation and anion vacancies, cation exchange, andeaa#ifgtts), as well as structural
and Schottky disorders have quite low formation energies and agetoally favorable. The
calculated cation exchange energies are very low on both twedB- sublattices (Ba Sr and
Co Fe) of the cubic perovskite structure; this should lead to anaggggation of cations
with further phase separation. In contrast, antisite deféctsB exchange) are costly and
unlikely to contribute to disorder in these materials. The oxygesrsiitials form so-called
dumbbell (split) configuration with a regular oxygen ions (Fig.8b). Thugeneral, complex
perovskite solid solutions (for example, double perovskites) can accdaie much more
expressed defect disorder than parent ABfrovskites. An analysis of possible BSCF

decomposition into different phases or binary oxides was also performed.

Figure 8. (a) Ba-split interstitial
configuration is shown in the 320 atom
model supercell of BSCF, (b) and (c)
two different configurations of O split
interstitial defects. The numbers
indicate distances between atoms in a

close Frenkel pair.
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AB INITIO SIMULATIONS OF POINT DEFECTS (VACANCIES) AND ATOM
SUBSTITUTES (O AND Y) INfcc-Fe LATTICE
A. Gopejenko, Yu.F. Zhukovskii, E.A. Kotomin, A. Mdslang, P. Viadowj
V.A. Borodin

Current generation of reduced activation ferritic-martensstieels (RAFM)
strengthened by oxides permits a growth of the operating tetapefar future fusion
and advanced fission reactors by 100°C (up to 650°C and higherjndstefrequently
used oxide for the strengthening of RAFM steels48y as it is one of the most stable
oxides with melting temperature higher than that of the stedlich might play
significant role in the formation of oxide nanoparticles in oxidgelise-strengthened
(ODS) steels.

The main goal of this study is to get deep insight in the foomatf the ODS
particles inside RAFM steel structures. To perform itwa-step theoretical approach
for atomistic simulation of this process is proposed. fiflse stepincludes extensivab
initio calculations of elementary yttrium and oxygen complexes irthigléron lattice
(4 4 4 and 55 5 fcc-Fe supercell models) containing also Fe-vacanchs) (
performed using VASP computer code. Both interaction energies dretsaute and
matrix atoms and barriers for migration of different solu@rest are extracted from
these calculations for further atomistic simulations.

Binding energies between the impurity atoms and vacancies lasasvéheir
migration barrier energies are important parameters fdrtKivC modeling of the ODS
particle formation (thesecond stepof simulations). To perform calculations for
estimating migration barriers, the nudge elastic band (N&&hod have been used (as
implemented in th&/ ASPcomputer code). The lowest calculated energy of the barrier
for Y atom migration has been found to be about 1.75eV. Obviously, theagssd
concentration oW vacancies is required for interstitial Y migration and ittereased

size of the supercell is necessary for this aim.
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AB INITIO AND ELECTROMAGNETIC SIMULATIONS OF CNT GROWTH
UPON Fe-Pt NANOCLUSTERS
Yu.N. Shunin, Yu.F. Zhukovskii, S. Piskunov, V.l. Gopeyenko, N.Yu. lBsKaya,
T.D. Lobanova—Shunina, S. Bellucci, F. Micciula

Carbon nanotubes (CNTSs) of various chiralities open new widehildgs for
modern nanoelectronics as promising candidates for nanointercoimectsgh-speed
electronic nanosensoring and nanomemory devices. We focus ount@iugy on the
implementation of advanced simulation models for a proper desaorigif the
fundamental electromagnetic properties (electrical resisfancapacitances and
impedances) in contacts between carbon nanotubes of different morphobogl
metallic substrates of different nature. We also presemtmodel of magnetically
stimulated CNT growth for a special case of Fe-Pt metadinoclusters (Fig. 9), which
have unique magnetic properties. We have performed optimizatizenotluster shape
(icosahedral or cuboctahedral), morphology (onion-like or striped) anlibeigm ratio
between Fe and Pt atoms (for this aim, we have performgdofinciples DFT-LCAO
calculations). It has been found that the energetically meftnable

configuration of nanoclust
is  onion-type  FgPto.
icosahedron with external
shell (Fig. 9). We expe
that in the presence

magnetic field, the CN-
growth  will be mor
determine from the poir
of view of possibl

nanotube morphologie . - . . .
P 9 Figure 9. Equilibrium configurations of Fe-Pt nanoclusters thwi

Moreover, the creation of morphologies of onion-type (top level) and stripeasahedra.
CNT forest based on e

nanoparticles (Fig. 1
provides the possibilities

consider this kind ¢
structure as the ba
fragment of nanomemc

devices, where infonatior
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bits are located
in nanoparticles and the CNT forest provides the necessarytrapisport for reading
and recording information. The parametrically controlled productioncafbon
nanotubes (CNTs) with predefined morphologies is a topical techndlggai@iem for
modern nanoelectronics. This process can be streamlined usingiex@rdiamagnetic
properties of carbon atoms at the expense of magnetic field tamuog sinduced

ferromagnetism of the nanoparticle.

Figure 10. Magnetically stimulated orientation of magnetic neonts of atoms in model interconne
during the CNTs controlled growth with the expecbdtalities under the directed magnetic field
the orientation angle shown by arrows, whBrie the magnetic induction and the chirality angle # 5

: @) arm-chair CNT, = 0; b) chiral CNT, 0 < < 3@, ¢) zig-zag CNT, = 3(.

The morphology of Fe-Pt cluster and its atomic structure (inclutti@ghort-range
order) play a primary role in the process of CNT growtmuiated by the magnetic
field. Nucleation in the process of CNT growth in cases of dndered Fe-Pt
nanoclusters hase been found to be more stable and has principahgelvaetatively
to the controlled CNT growth as compared to the cases of any kimagsotropic Fe-Pt

nanocatalysts.
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B. Kinetics of processes with self-organization

STATIC AND DYNAMIC SCREENING EFFECTS IN
ELECTROSTATIC SELF-ASSEMBLY OF NANO-PARTICLES
V.N. Kuzovkov and E.A. Kotomin

Kinetics of processes in hanomaterials, e.g. nanoparticksftimatter or liquid
phase is of great importance for many applications. In theripgsn of charge
screening in electrostatic self-assembly of nanoparticledetmles) embedded into a
polar solvent, the static screening effects (a contribution associated with the rapid
spatial redistribution of small and highly mobile ions of a solvesntjaditionally treated
phenomenologically, using the Yukawa short-range potential focridesy the
interaction between these particles. However, this model ahdisnited range of
applicability being valid only for infinitely diluted systems amgdh salt concentrations.
During a slow self-assembling process with nanoparticle foomatvery dense
structural elements (aggregates) are formed, in which theandes between the
nanoparticles could become comparable to the Debye radite iMukawa potential.
For such the structural elementiynamic screening effects (the contribution of

nanoparticles themselves into the screening potential) becdorpedant.

Figure 11.lonic binary systems with Lennard-Jones and Coblowteractions (weak static screening). (a)
Joint correlation functions; (b) Structure factqy Screening factors for the same times as imdoiv
(b); (d) Sreening factors at fixed time and forfeliént values of Bjerum length.
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Using a novel integrated approach (nonlinear integro-diffexieritinetic
equations for the correlation functions of particles, Fig. 11)haxee obtained the self-
consistent solution in 3d case and compare roles of both seafiglifrium) and
dynamic (nonequilibrium) charge screening effects in differenatdns. This is a

continuation of our recent study)], with the polar solvent effeats taken into account.

STATISTICAL CHARACTERIZATION OF SELF-ASSEMBLED
CHARGED NANOPARTICLE STRUCTURES
G. Zvejnieks, V.N. Kuzovkov and E.A. Kotomin

We proposed a novel approach for description of dynamics of nano-structure
formation for a system consisting of oppositely charged pastidlee combination of
numerical solution of analytical Bogoliubov-Born-Green-Kirkwood-YwBBGKY)
type equation set with reverse Monte Carlo (RMC) method allosvéo overcome
difficulties of standard approaches, such as kinetic Monte GaNéolecular Dynamics,
to describe effects of long range Coulomb interactions. Meiredhis allows one to
study the system dynamics on realistic time and length scales

We applied this method to a simple short-range Lenard-JonedikgJsd
system and 2d system combining the long-range Coulomb and LJ irdesachis
expected, the nanoparticle growth driven by the Ostwald ripesirapserved in the
former case, while long-range interaction limited se#femsbled nanostructures are

observed in the latter case (Fig. 12).
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Figure 12 Aggregation in two dimensions: percolated derdr{fractal-like) growth. Characteristic

structure snapshots (small fragments) obtainedyubim RMC by increasing of time, (a,b).

INTERACTION OF ELECTROMAGNETIC RADIATION WITH MATTER
TIME RESOLVED APPROACH
E. Klotins

Determining the properties of electric charges excitedin&raction of
electromagnetic radiation is of major interest across rhaaryches of solid state physics
and advanced materials. Computational approaches to the lumicescamergy
harvesting and electroconductivity rely on representing the addanaterials in terms
of interacting electric charges obeying requirements of quantechanics, quantum
field theory and relativity. Currently, there are no geneftitient methods to deal with
challenging problems that involves both kinetics of electrons,refec¢ioles and their
interaction with atoms constituting the material. The resesr@uddressed to intrinsic
charge transfer in dielectric materials sensitive tatedenagnetic radiation within the
range of visible and ultraviolet light. A special attentiopasd to the time dependence
of radiation field which, unlike the existing models, is arbitrdDgtermining these
properties relies on well-known theoretical approaches to rtbe particles. With
application to solids distinguished by the environment of surroundiogs these

appraches become more complex and not completely understood.
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What is new in the presented research is the extension of thkel nb
noninteracting electrons and electronic holes to the back reactsurrohding atoms.
This back reaction is supported by supplementary kind of particles — phasoas
challenge. In the present study, we propose a step towards this dngabéem and
derive a closed set of equations for the self-consistentmesatof electrons, the
electronic holes and the back-reaction of phonons.

The key development of this work is disconnection of the eleetqaimonon and
the electron hole — phonon interaction into purely electronic andplasle added to the
impact of electromagnetic radiation by the extra terms. Hornilaese extra terms
contribute on equal grounds with the electromagnetic radiation théthmathematical
structure of the solution maintained. Also maintained arerarpitime dependence of
radiation and full time history of the material. The necgst#ory inputs are available
within conventional quantum mechanics and commercial codes thilkey output is
the distribution function for electron — electronic hole pair wheit@ing all observables

of interest.

C. Plasma Physics

DEPENDENCE OF THE GIROTRON EFFICIENCY ON
ASIMUTAL INDEX OF THE NON-SYMMETRIC MODES
O. Dumbrajs, G.S. Nusinovich, T.M. Antonsen, Jr

Development of MW-class gyrotrons for future controlled fusion togac
requires careful analysis of the stability of high efficieopgration in very high-order
modes. In the present paper, this problem is analyzed inaherork of the non-
stationary self-consistent theory of gyrotrons.

Two approaches are used: the one based on the wave envelopentatioesef
the resonator field and the second one based on representattbrs dield as a
superposition of eigenmodes, whose fields are determined by eossitent set of
equations. It is shown that at relatively low beam currentsgrwthe maximum
efficiency can be realized in the regime of soft self-ekoitia the operation in the
desired mode is stable even in the case of a very dengeusp®f competing modes.

At higher currents, the maximum efficiency can be realinetthe regimes with
hard self-excitation; here the operation in the desired madeébe unstable because of

the presence of some competing modes with low start currémts 170 GHz European
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gyrotrons for the international thermonuclear experimental reEER are considered
as examples. In the first one, which is the 2 MW gyrotron witbaxial resonator, the
stability of operation in a chosen Figgsmode in the presence of two sideband modes
with almost equidistant spectrum is analyzed and the regioraghetic fields in which

the oscillations of the central mode are stable is ohited.

Figure 13.Region of stable operation surrounded by dashgidms in which oscillations of the operating

mode are unstable. Normalized length

out

12 . L/c isequal to 10. Also contours of

equal values of the orbital efficiency are shown in the region of stable operation.

The operation of the second, 1 MW gyrotron with a cylindrical gasitrrently under
development in Europe, is studied by using the wave envelope apprdashshdwn
that high efficiency operation of this gyrotron in the TE32,9-mode shHmiktable (Fig.
13).
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ON THE DEPENDENCE OF THE EFFICIENCY 240 GHz HIGH-POWER
GYROTRON ON THE DISPLACEMENT OF THE ELECTRON BEAM A ND
THE AZIMUTAL INDEX
O. Dumbrajs, K.A. Avramidis, J. Franck, J. Jelonnek

Two issues in the cavity design for a Megawattsgl@gl0 GHz gyrotron are
addressed. Those are, firstly, the effect of a misaligtexttren beam on the gyrotron
efficiency and, secondly, a possible azimuthal instability tteé gyrotron. The
aforementioned effects are important for any gyrotron operatiancduld be more
critical in the operation of Megawatt-class gyrotrons atftbguencies above 200 GHz,
which will be the anticipated requirement of DEMO. Thgéaiis to provide some basic
trends to be considered during the refinement and optimizationeofigkign. Self-
consistent calculations are the base for simulations whepesgsible. However, in cases
for which self-consistent models were not available, fixeld-fresults are presented

(Fig. 14). In those cases the conservative nature of thesebolld be kept in mind.

Figure 14. Fixed-field results for a parallel displacementta# electron beam (i.e. shift only, no tilt):

The interaction efficiency _ is plotted as a function of the transverse cootdmaAn ideal electron

tot

beam with a radius of 10 mm is assumed.
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FREQUENCY TUNABILITY OF GYRO-BWO
O. Dumbrajs, G.S. Nusinovich

Gyrotron backward-wave oscillators (gyro-BWOs) are oscillatagable of
producing frequency tunable, high-power radiation at millimeter and iflubeter
wavelengths (Fig. 15). While in the most advanced versionyob-gevices, the
gyromonotron (or simply, the gyrotron) the variation of the externahetagfield can
yield a step-tunable radiation due to the gyrotron hopping from one tm@d®ther, in
gyro-BWOs the radiation frequency can be tuned continuously. Ipriésentation, we
discuss various concepts of gyro-BWOs offering large bandwidtlyi@adan overview
of experimental results. Some new results of simulation$réguency tunable gyro-
BWOs are also presented. Part of these results is obtairtke iinamework of the
general theory of gyro-BWO, while another part is focused omladysis of possible
frequency tunability of two gyrotrons, which are currently under logweent at the
FIR Center of the Fukui University, Japan.

Figure 15. Dispersion diagram.

D. Experimental studies

STRUCTURE AND LUMINESCENT PROPERTIES OF BaZrO ;
NANOCRYSTALS IN THE POLYMER MATRIX
A.l. Popov,O.l. Aksimentyeva, V. Savchyn,

The effect of polymer environment on luminescent properties oiurba
zirconate nanocrystals have been studied by means of cathoddoemoe (CL)
spectroscopy technique (Fig. 16). It was found that polystyreng gR&8Il around
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BaZrO; nanocrystals significantly modify CL spectra. This phenomenan be

explained by a chemical interaction between PS and Bagigificantly changing the
surface states of nanocrystals. This conclusion is confirmethdycomplementary
experimental studies including X-ray diffraction, FTIR spectwpgc Energy Dispersive

X-ray analysis and scanning electron spectroscopy.

Figure 16. CL spectra of mo-BaZrG—PPA composites with a BaZg@ontent of 80% (1), 90% (3) and
100% (4) and PEDOT-BazZgd60%) composites & = 293 K (2); (b) CL spectrum of a PS-BaZrO
(20%) composite.
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MODELING AND SYNCHROTRON DATA ANALYSIS OF MODIFIED
HYDROXYAPATITE STRUCTURE
A.l. Popov, A.V. Bystrova, Yu.D. Dekhtyar, V.S. Bystrov

The obtained results are based on the first principles modafidgalculations
for hydroxyapatite (HAP) nanostructures as native as wehaeimodified, charged and
having various defects (H and OH vacancies, H internodes). $tARtures having
being studied using Local Density Approximation (LDA) method witlcaations of
Density of States (DOS) allow us analyzing the experimdathldden energy gafEf)
and work function data.

Molecular modeling by HyperChem is confirmed by photoelectron
monochromatic measurements up to 6 eV and photoluminescence excifaira s
(PL) data from synchrotron DESY experimental data up to 30 eV vabuies analysis
of the influence of heating, microwave radiation, hydrogenataays and synchrotron
radiation on HAP surface is presented in this work. New d#tséhe structure of
modified hydroxyapatite are obtained. The determined energysléeH internodes is
Enint ~ EV+ (1.5-2.0) eV, while for OH vacancy energy is in the rangeo@fiac~ EV +
(2.9-3.4) eV inside the band gip

The analysis of PL emission allows us to conclude thaetlemergies are close
to observed main PL spectral line 420 nm (2.95 eV), and consequ@Htlyacancy
could play the leading role in the surface energy levels chaamgg€harging. But the
influence of the inserted hydrogen is revealed too through &goitttom most deep
valence band levels due to existence of close overlapped molembigal with
phosphorus atoms in the excited states. Both defects arevexdbdesy PL emission

spectrum under synchrotron excitation energy in diapason ~8.5-14.5 eV.
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LABORATORY OF RADIATION PHYSICS

Head of laboratory Dr. habil.phys. J.Berzins

RESEARCH AREA AND MAIN PROBLEMS

The following main investigations are developed in the laboratory:
- experimental and theoretical investigation of nuclear straat medium and high
excitation energies;
- development of the nuclear spectroscopy methods for the idatitificof radioactivity
and nuclear materials in Latvia;
- development of gamma spectrometric methods for investigaticadionuclides, their
migration in the environment, soils and ground waters in the patshtially polluted
regions of Latvia;
- application of the liquid scintillation methods for the monitgrof tritium content in

environment and drinking waters of food industry;

International projects:
Participation in the projegtnvestigation of nuclear structure via (n,)), (d,p) and (d,t)
nuclear reactions” with Institute of Nuclear Physik (Rzez, Czech Republic), Texini

University Munich, Institute Laue -Langevin (Grenoble, France)

SCIENTIFIC STAFF:

Dr.hab. J.Berzins Dr. T. Krasta
Dr.hab. M.Balodis Dr. D.Riekstina
Dr. L.Simonova Dr. O.Veveris

SCIENTIFIC VISITS ABROAD

Dr. hab. J. Berzins, European Commission Euratom, BrussasuB (8 days)
Dr. hab. J. Berzins, Cyclotron Workshop, Ispra, Italy 11-12 Déeei2014.
Dr. T. Krasta, Dr. hab. J. Berzins, Int. Symp. CGS 1®8sBen, August 25-29, 2014.
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Dr. D. Riekstina, IV International Conference on Environme&atrestrial

Radioisotopes in Environment, Veszprém, Hungary, 21-23 May 2014.

COOPERATION

Latvia

1. University of Latvia, Institute of Chemical Physics (Br.Kizane)

2. Institute of Technical Physics, Riga Technical Univgrddr.J.Ru a).

3. Institute of Silicate Materiuals, Riga Technical Unsigy (Dr. hab.ing.V. Svinka)
USA

1. Mississippi University (Prof. A.Afanasjev).

Germany

1. Technical University Munich (Prof. T. von Egidy, Dr. H.\Wirth)

France

1. Institute Laue-Langevin, Grenoble, France ( Dr. W. UrbanlvD Jentchel).
Canada

1. Memorial University of Newfoundland, Newfoundland (Dr.A.Alelests)

2. Department of Physics, Acadia University, Wolfville, {I8.S.Barkanova)
Czech Republik

1. Nuclear Research Institutde (Dr. . Tomandl).

Denmark

Riso National Laboratory, Roskilde, (Dr. S. Nielsen)

MAIN RESULTS

STUDY OF CORE NON-AXIALITY EFFECTS IN THE LEVELS OF ODD-ODD
NUCLEI WITH A~190
T.Krasta, M.Balodis, J.Bzi §, L.Simonova

Nuclei of the transitional A~190 region are characterizgdctre instability.
Level spectra of these nuclei display features charatitebioth to the axially-symmetric
and triaxial shapes. It poses serious challenges for detaeine development, especially

in the case of doubly odd nuclei. Studies of shape transitional phenameded-odd
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nuclei are hindered, first, by the complexity of theoreti@dadiption, and, second, by
the lack of experimental data related with collective cooit&ons.

One of the most prominent indications of triaxiality is a higrelelensity even
at relatively low excitation energies. In axially deformed -odd nucleus, valence
proton and neutron form two configurations with parallel and antiparspins — the
Gallagher-Moszkowski doublet. In the case of non-axial nucldzape, orbital
momentum projection® and K are not conserved and one observes a number of |K+2|,
|[K+4/,... side-bands for each two-quasiparticle configurailibese bands of collective
origin are analogous to-vibrational bands in even-even deformed nuclei. The
characteristic feature of these bands is intense decéw tievels of its parent K band,
predominantly with E2, or M1+E2 transitions. However, due to hkegkl density, one
can identify these gamma-bands only for relatively weaklyxenhi(isolated) two-
quasiparticle configurations, mostly involving high j valubitsr with highP values.

The best established gamma bands in doubly odd nuclei with A~19Gere t
351.6 keV 2 |K-2| band of the ground state configuration=& (p:11/2[505]-
n:3/2[512]), strongly mixed with the (p:3/2[402]-n:11/2[615]) configuration->4r [1],
and the 2 |K-2| band at 518.6 keV il?Ir [2], based in the 147.1 keV' 4evel with
structure analogous to that of thegtound state inAr.

Using available experimental data [1-4], we propose new tentatiaxial
gamma bands for rhenium and iridium nuclei: the 482.1 KefK2| band of the K=0"
(p:9/2[514]-n:9/2[505]) two-quasiparticle configurationlﬁaRe; the 352.9 keV'gK+2|
bandhead of the*4ground state configuration, the 368.2 keV|K-2| bandhead of the
K =6" (p:11/2[505]+n:1/2[510]) state, and the 380.4 kéyk42| bandhead of the K6
(p:3/2[402]+n:9/2[505]) state iff4r. Experimentally proposed structures are compared
with the results of asymmetric particle-plus-rotor (PR©pei calculations.

There are indications that the uninterpreted 270.9 Keba8d in**r [2] can be
a |[K-2| gamma band of the ¥5™ (p:11/2[505]+n:1/2[510]) configuration established at
161.5 keV. The available proton and neutron orbits do not predict twipgtiade 3
band in this energy region. However, in such a case, one mustieoosexistence of
different non-axial shapes #ilr since energy of the*Zore state is much smaller than
that for the 518.6 keV'JK-2| band.

Coexistence of axially-symmetric and triaxial shapes is propaisedn the case
of positive parity states 0f®Re. Our study of thé®**Re level structure [4] disclosed
some problems for interpretation of the level scheme abovekd®0 First, the

experimentally established density of positive parity levelevbdl MeV is about three
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times higher than predicted by the performed PRC calculatidgtis the axially-
symmetric core deformation. Second, we have not observed populatithe 1
bandhead of the (p:9/2[514]-n:7/2[503]) configuration predicted at abowel1.8

Depopulation of the 482.1 keV level indicated it as ‘abandhead. The
associated rotational band with thel@vel at 575.7 keV, and the 4+ level at 703.5 keV
is quite regular. In the case of K" (p:9/2[514]-n:7/2[503]) two quasiparticle rotational
band one would expect notable staggering of odd-even spin levels duangpGoriolis
interaction with levels of the KQ" (p:9/2[514]-n:9/2[505]) band.

We have performed the PRC model calculations of'ffRe positive parity
levels with the non-axial core deformation. At asymmetry angk0°, the |K+2| side-
band bandhead is predicted at about 480 keV, and th&" Kvo-quasiparticle state —
about 50 keV higher. However, the results of model calculati@ne wnsatisfactory for
positive parity bands with ¥3. For these levels, the axially-symmetric PRC model was
preferable. Therefore, we assume that the non-axial deformat'®*Re is associated
only with the (p:9/2[514]-n:9/2[505]) configuration when both proton and neutron
occupy high j orbits.

In general, our studies indicate that, in the case of odd-oddinptiase
transition from the SU(3)-symmetric shape to the gamma-iest@(6)-symmetric
shape takes place at neutron number N=113. We have observed possint&éahstates
already in'®Re which has been long regarded as a nucleus with strong prolate
deformation. However, since the shape phase transition is Igtrdegendent on
angular momentums of both valence particles moving in the nuctearmean field,
one observes non-axial effects for the higher-lying two-quasipmsiates of**Re and
91 involving high j proton and neutron orbits. Unfortunately, duerong mixing, one
cannot provide a direct experimental proof of the collective aaitithese states in the
form of reduced B(E2) transition probability values of depopulation tiansi The
gamma-bands in N=115,117 doubly-odd iridium nuctét'®4r), originating from the
two-quasiparticle configurations involving proton orbit 11/2[505],lzased on the low-
lying levels and their mixing degree is relatively weakeiefore, one can see that the
doubly-odd nuclei with N>113 have non-axial deformation already in thengrstate.

[1] J.Kern et al., Nucl.Phys. A534, 77 (1991).

[2] M.Balodis et al.,, Phys.Rev. C77, 064602 (2008).

[3] M.Balodis, In: Proc. CGS-9, Budapest, 1996, Vol.1, p.147.
[4] M.Balodis et al., Nucl.Phys. A847, 121 (2010).
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RADIONUCLIDES MONITORING IN THE VICINITY OF SALASPI LS
NUCLEAR REACTOR (1998-2013)
D.Riekstina, J.Alksnis, J.Rudzitis, J.Berzins, T. Krasta

The aim of presented work was to provide an assessment aé¢bmulation of
artificial radionuclide: cesium-137 and tritium, as well as rigration of them in the
soil and ground-waters in the vicinity of the shut-down SNR.

Obtained results present dynamic of radionuclides concentrati@oiis and
ground waters in dependence on years and locations. The resaltsatibn monitoring
show, that amount of radionuclides, produced by SNR, have littlecingiathe total

radionuclide content in the environment.

EVALUATION OF NATURAL RADIOACTIVITY IN BUILDING MAT ERIALS USED
IN LATVIA
D.Riekstina, J.Berzins, T. Krasta, R.Svinka, O.Skrypnik

The obtained results have been compared with the national andditiom
safety requirements. It has been found that:
1. Activity index for all tested building materials, exceptrgg@ and fireproof bricks, is
below permissible radionuclide concentration level.
2. Radionuclide concentration in Devonian period and Quaternary paapdieposits
in Latvia can be differ more than two times, but radionuctidetent in various clay
products can differ up to five times.
3. Average concentrations of natural radionuclides and acimndgx values for clay and
clay bricks used in Latvia are of the same level as inrdtloeth European countries,

except Sweden.

PUBLICATIONS

1. M.Balodis,T.Krasta. Levels of two-particle and gamma bandsfir. Nucl.
Phys. A 933 (2015) 189-211 (DOI 10.1016/j.nuclphysa.2014.11.004)
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2014, p. 108.
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rhenium and iridium nuclei. Fifteenth International Symposium grti@a Gamma-Ray
Spectroscopy and Related Topics CGS15, Dresden, August 25-29, 2014. Book of
Abstracts.
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LABORATORY OF ELECTRONIC ENGINEERING

Head of Laboratory Dr. phys.A. Kristins

MAIN PROBLEMS

1.

Implement developing and manufacturing of unique measuring and mogitorin

apparatus and systems, which:

provide authorised access on the base of Touch Méthalements and
Proximity Cards to different objects, including
entrance check-points (entrance gates, access control systems
systems for multilevel parking buildings etc.);
computers and programmes;
car and other technical devices (anti-theft systems);
execute electronic documentation functions (Touch MeMbrybased
electronic invoices, credit cards and so on);
test power units (high-voltage switches, automatic disconneactiighgs,
power-transformers);
determine a content of heavy metals (As, Cd, Co, Cu, §eTHNI, Pb, Sn,
Zn, Bi, Mn) in liquids, ground, food-stuffs;
check various environment parameters (temperature, lightingjditym
radiation level);
control temperature and lighting at the different objects (housings
hothouses, production storehouses);
are used in medicine and for determining of agricultural production
parameters (digestion systems, fluorimetres, fall numberrdetators).

drive and management of automatic devices.

2. Provide physical measuring and manufacturing process automation.

3. Also solve the other problems, not afore-mentioned.
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SCIENTIEICAL STAFFE Technical Staff

1. Dr. AKristins 1. |.Gvardina

2. J.Melderis
3. J.Veinbergs
4

. P.Kalinikovs

COOPERATION

Latvia

1. Joint-stock compangugstspriegumalkls
2. ,Fonons Ltd

3. Riga Technical University

4. AlphaMedialLtd

5. LoksLtd,

6. ,ADI Kartes Ltd

7. GROGLtd

8. Energoremonts RaLtd

Estonia

1. Tallinn University of Technology
2. Competence Centre ELIKO

More information on the work of the laboratory in the lastyears, see

Appendix as well asttp://www1.cfi.lu.lv/radioel/RDO.htm
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OUR CLIENTS

Latvijas Kr jbanka;

Latvijas Pasts;

LatRosTrans; Ltd;

Latvijas Ku niecba ;

Latvijas G ze;

Latvian Environment Agency;

Latvian Hydrometeorological Agency;

Latvijas Dzelzcss;
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Augstceltne Ltd;

10.CSDD (Road Traffic Safety Directorate);
11. Avantime Amusement Technology Ltd;
12. Joint-stock company Latvenergo;
13.Latvia's Ministry of Foreign Affairs;
14.Nienhaus & Lotz Lettland Ltd;

15. Godske Latvian Textile Ltd,;

16.VAIDE Ltd;

17.Flexoplastic Ltd

LECTURES ON CONFERENCES

30" Scientific Meeting of Institute of Solid State physicdniversity of Latvia,
Riga, February, 2014

1. H.Uuetoa, A.Krivoshei, J.Lamp, M.Min, T.Uuetoa, Rrius, A.Kristi §.Non-
invasive bio-Impedance based method for central aortic blood pressureowavef
estimation Abstracts, p. 40.

2. l.Gvardina, A.Kristi §, J.MelderisController for alarm sensors status
monitoringAbstracts, p. 41.

3. J.Veinbergs, V.Roma&nkovs.Equipment of telemetry data control and

transmissiombstracts, p. 82.
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