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LU CFI Pétniecibas programmas 2021-2023-2027 starts: CAMART? atbalsta un
COVID ierobeZojumu laika
Andris Sternbergs
Latvijas Universitates Cietvielu fizikas institiits
Ir izstradata P&tniecibas programma 2021-2023-2027 gadiem. 2021. gada pétnieciba
pastiprinati koncentrésies uz fotoniku, energijas ieguvi un uzglabasanu, ka ari uz biomedicinas
uzdevumiem. P&tniecibas un inovacijas ekosist€émas turpmaka attistiana ietvers vismodernako
tehnologiju iesp&ju un pakalpojumu piedavajumu ar modernam iekartam un metodém, kas lauj
kvalitativi novertet un raksturot materialus.
Liela uzmaniba Institiita tiks pieveérsta profesionala un augsti kvalificéta zinatniska personala
izglitoSanai un atjaunoSanai. AtbilstoSa atjauninata magistra un doktorantiiras programma,
ieklaujot starpdisciplinarus aspektus, ir izstradata ka pamats jauno zinatnieku nakotnes
zinaSanu radiSanai. Daudz piilu tiks veltits sadarbibas nodroSinaSanai ar augstskolam, ka ari
uzn@mgju un investoru piesaistei. CAMART? darba pakete WP1 pastavigi atbalstis jauno
pétnieku piedaliSanos starptautiskas vasaras / ziemas skolas un starptautiskas konferences /
darbnicas, seminaros, atbalstis sagatavosanos FM&NT 2022 konferencei Riga, atbalstis vinu
dalibu S2S sanaksmés ar CAMART? partneriem, siitiSanu stazéties prakses vietas
Zviedrija.
Institita budZeta papildinaSana prasa nopietnu sagatavoSanos Horizon Europe pirmajiem
uzsaukumiem, ka ari dalibu esoSajas un gaidamajas Valsts pétniecibas programmas,
gatavosanos LZP grantu un ERAF projektu uzsaukumiem.

Start of ISSP UL Research Programme 2021-2023-2027: CAMART? support and
COVID constraints
Andris Sternbergs
Institute of Solid State Physics, University of Latvia
Research Programme 2021-2023-2027 has been developed and R&D activities within the
traditional strength of the ISSP UL in 2021 will focus on photonics, energy harvesting and
storage and biomedical issues. Creativity into further updating of  research-innovation
ecosystem includes offer of cutting-edge technology facilities and services advanced
equipment and methods permitting qualitative evaluation and characterization of materials or
interfaces.
Much attention in the Institute will be payed to the education and renewal of professional and
highly qualified scientific personnel. Adequate and specific curricula — updated master’s and
doctoral programme, including interdisciplinary aspects has been developed as the basis for
future creation of knowledge and industrial competitiveness of young researchers. A lot of
effort will be dedicated to ensure cooperation with institutions of higher education,
international partners, training of students and specialists as well as to attracting entrepreneurs
and investors. CAMART? WP1 will constantly support young researchers to attend
international summer/winter schools and international conferences/workshops, seminars,
support preparation for the FM&NT 2022 conference in Riga, support their participation in
S2S meetings with in CAMART? partners, delegate for internships. Recruitment of high quality
researchers via Postdoc’s programme, via Horizon Europe Widening participation ERA-Chair
projects remains a serious challenge.
The elaboration of the Institute's budget requires serious preparation for Horizon Europe’s first
calls, as well as participation in existing and forthcoming National Research programs, calls
for proposals for the Latvian Council of Science projects (FARF), and European Regional
Development Fund (ERDF) project calls.




Neaktivéta un Ga-aktiveta ZnO sinteze ar dazadiem Skidinatajiem

Mareks Senko, Ivita Bite, Agnese Spustaka, Donats Millers, Krisjanis Smits, Aleksejs Zolotarjovs
Latvijas Universitates Cietvielu Fizikas Institiits

Cinka oksids (ZnO) ir materials, kam piemit augsta fizikala un kimiska izturiba, istabas
temperatira ir atri dziestoSa un intesiva luminescence, relativi plata, ~3.6 eV aizliegta zona, ka
ar1 izturiba pret radiaciju, tap&c $1s materials piesaista plaSu pétnieku interesi vairakas industriju
nozargs, pieméram, optoelektronika, biomedicina, fotokataliz€. Materiala ipasibas stipri
ietekmé citu elementu — aktivatoru — klatbaitne ZnO kristalrezgi. Mérktiecigai materiala ipasibu
mainai ta aktivéSanas rezultata ir nepiecieSama informacija par dazadu aktivatoru ietekmi. Plasi
tiek pétitas ZnO 1pasibu izmainas, to aktivgjot ar III A grupas metaliem —aluminiju, galliju un
indiju. Savukart, ZnO 1pasibas un izmantoSanas iespgjas ir arT atkarigas no izvel&tas sintézes
metodes (mikrovilnu-asistéta solvotermala metode, hidrotermala metode un sola-géla metode)
un izveletiem sintézes apstakliem (Skidinatajs, temperatira, spiediens, pH).

Darba galvenais virziens ir tada aktivéta ZnO iegiiSana, kuram biitu augstas efektivitates
scintilatora Tpasibas. P&tijumu veikSanai sintezétas neaktivéta un Ga-aktivéta (no 0 lidz
1.5 at.%) ZnO nanostruktiiras, izmantojot mikrovilnu-asistétas solvotermalas metodes ar 2
dazadiem Skidinatajiem — metanolu un etanolu. Optimala gallija koncentracija paraugiem
metanola $kidumos tika noteikta 0.3-0.5 at.% robezas, savukart etanola skidumos — 0.8-1 at.%
Paraugu raksturoSana un T1pasibu noteikSana tika izmantotas vairakas metodes:
rentgendifraktometrija (XRD), skengjosa elektronu mikroskopija (SEM), fotoluminescence
(PL).

Undoped and Ga-doped ZnO synthesis with different solvents

oy —

Institute of Solid-State Physics, University of Latvia

Zinc Oxide (ZnO) is a material with high physical and chemical stability, fast decaying and
intense room temperature luminescence, relative wide ~3.6 eV bandgap, radiation hardness,
for which the material attracts a great deal of research interest for it’s potential application in
various industries, such as: optoelectronics, biomedicine, photocatalysis. The properties of
ZnO are strogly dependent on different dopants incorporation in ZnO crystal lattice.
Information of dopants influence is necessary for purposeful change of material properties. The
change of ZnO properties due to doping with elements from group 11 metals — aluminium,
gallium and indium is of enhanced interest. Properties and applications may also be affected
by the chosen synthesis method (microwave-assisted solvothermal, hydrothermal, sol-gel) and
synthesis parameters (solvent, temperature, pressure, pH).

Objectives of this research include obtainement (synthesis) of doped ZnO which reveals high
efficient scintillator properties. The synthesis of non-doped and Ga doped (from 0 to 1.5 at.%)
ZnO nanostructures was completed for present study. Synthesis was carried out using
microwave-assisted solvothermal method with 2 different solvents — methanol and ethanol.
Optimal gallium concentrations in ZnO samples were found to be for methanol: 0.3-0.5 at.%,
for ethanol: 0.8-1 at.%.

Several methods were used to determine and characterize the properties of samples: X-ray
diffractometry (XRD), scanning electron microscopy (SEM), photoluminescence (PL).

The authors are thankful to ERA.NET RUS_ST20170-051 Project for support.



AKktivéta cinka oksida luminiscence sub-nano sekunzu apgabala

Agnese Spustaka®, Mareks Senko?, Donats Millers?, Ivita Bite!
YLatvijas Universitdtes Cietvielu fizikas institiits

Cinka oksids (ZnO) ir plasi pétits pusvaditajs ar daudziem pielietojamiem — optoelektronika, diodes u.c.
Tas ir arT daudzsolo§s materials izmantoSanai atros sub-nano sekunzu scintilatoros. ZnO luminiscences
spektra ir divas joslas - malas luminiscence pie 380 nm un ar defektiem saistita luminiscence pie 520
nm. Neaktivéta ZnO malas luminiscences dziSanas laika konstante ir 0.7 ns, taCu dziSanas laiks
luminiscencei redzamaja diapazona ir mikrosekunzu diapazona. PaSreiz ZnO izmantoSanu atros
scintilatoros ierobezo divas problémas — I&ni dziesto$a luminiscence redzamaja apgabala un iespgja
ieglt caurspidigu monolitu struktiiru. Luminiscences joslu intensitates izmainas var panakt materialu
aktivgjot, savukart monolits scintilators varétu bat aktivéta ZnO keramika.

Petijuma izmantoti ar solvotermalo metodi sintezgti tira un ar Ga aktivéti ZnO pulverveida paraugi.
Péetitas arT luminiscentas Ipasibas ZnO keramikam, kas aktiv&tas ar indiju un galliju. P&tjjuma gaita
parbauditas ka materiala 1paSibas ietekm& sintézes metode un aktivatora koncentracija. Visiem
paraugiem veikta XRD analize, foto-luminiscences, radio-luminiscences, ka ari dziSanas kinétiku
registracija.

Apkopojot rezultatus, paradits, ka cinka oksida luminiscentas tpasibas ir loti mainigas atkariba no
aktivatora koncentracijas izmainam, kas lauj prognozet aktivéta ZnO optimalo sastavu. Noskaidrots,
ka petitajam keramikam malas luminiscences dziSanas laiks ir 17 ps vai pat 1saks, un tas ir tuvs literatiira
atrodamajiem rezultatiem. Tacu keramiku luminiscences petijumi rada, ka keramikas izveidotas |oti
neviendabigas. Tade] p&tijumu turpinasanai jaizgatavo viendabigaku keramiku paraugi.

Doped zinc oxide luminescence in sub-nanosecond range

Adnese Spustaka®, Mareks Senko!, Donats Millers?, lvita Bite?
YInstitute of Solid State Physics, University of Latvia

Zinc oxide (ZnO) is extensively studied semiconductor with wide range of applications -
optoelectronics, light diodes etc. One of prospective application is for sub-nanosecond scintillators. The
ZnO luminescence spectra reveals two bands — near band luminescence (NBL) in near UV range and
defect luminescence in visible range peaking about 520 nm. The decay time of undoped ZnO NBL is
about 0.7 ns, however, the defects luminescence decay time is in micro-second range. Currently, the
use of ZnO in fast scintillators is limited by two problems: the slow decaying luminescence in visible
range and the possibility of obtaining a transparent monolithic structure. Changes in intensity of
luminescence bands can be achieved by ZnO doping, while monolithic scintillators could be obtained
as ZnO ceramics.

In the research were used samples of undoped as well as Ga doped ZnO powders synthesized with
solvothermal microwave assisted method. The luminescence properties of ZnO ceramics doped with
indium and gallium also were studied. In the study the changes of material properties were analysed by
synthesis method and activator concentration. In this research were completed structural analysis
(XRD), as well as photoluminescence and radioluminescence, and luminescence decay time.

Analysis of results obtained led to conclusions that zinc oxide luminescence properties are very variable
depending on changes in the concentration of the activator, which allows to predict the optimal doping
concentration. The NBL decay time of Ga doped ceramics is 17 ps or even less and it is close to the
best results in literature. However, properties of ceramics luminescence shows that samples are
inhomogeneous, therefore, for further study it is crucial to sinter homogenous ceramics.

The research was supported by project ERA.NET RUS_ST2017-05 (Latvia) and Nr. 18-52-76002
(Russia).



Eksimeru lazera starojuma inducéto hlora oksidu optiska absorbcija SiO2 stikla un

singleta skabekla luminiscences ierosme ar energijas parnesi no hlora molekulam
Linards Skuja', Nadege Ollier?, Koichi Kajihara®, lvita Bite, Madara Leimane!, Krigjanis Smits', Andrejs
Silins!
Latvijas Universitates Cietvielu fizikas institiits
2 Laboratoire des Solides Irradiés CEA-CNRS-Ecole Polytechnique, Institut Polytechnique de Paris
3Department of Applied Chemistry for Environment Tokyo Metropolitan University

Eksimeru lazera ultravioletais starojums (hm=7,9 eV) izraisa SiO stikla solarizaciju - optiskas
absorbcijas (OA) joslu veidoSanos. Stiklos, kuri sakotn&ji satur starpmezglu Cl> un O
molekulas, novérotas inducétas OA joslas, kuras ir identificétas ar hlora dioksida (ClO2, vaja
josla pie 3,5 eV) un dihlora monoksidu (CICIO un CIOCI, spéciga josla pie 4,7 eV, pusplatums
0,94 eV) starpmezglu molekulu veidosanos. Kopa ar pasvielas defektu OA joslam, §is joslas
var ieveérojami ietekmét solarizaciju no silicija tetrahlorida razotajos sintétiskajos SiO3 stiklos.
Ramana spektri pierada tikai CIC1O molekulu veidosanos, tacu to strukturalais izomérs, CIOCI
var ari dot ieguldijumu 4,7 eV OA josla. STs joslas termiska sagrau$ana starp 300 °C un 400 °C
gandriz pilniba atjauno Cl; molekulu koncentraciju pirms apstaro$anas. V3aja papildus 3,5 eV
OA josla ir identificéta ar ClO2 balstoties uz lidzibu ar brivu ClO2 molekulu OA un
public@tajiem elektronu paramagnétiskas rezonanses datiem par $adu molekulu eksistenci SiO»
stiklos. Infrasarkanas luminiscences josla pie 1272 nm, ko rada starpmezglu O> molekulas
stingri aizliegta elektroniska pareja no singleta stavokla uz pamatstavokli (t.s. "singleta
skabekla" luminiscence) tika novérota ierosinot ar 3,0...3,5eV fotoniem, kas norada uz
energijas parnesi no fotoierosinata tripleta stavokla Clz uz pamatstavokli esosu O2. Energijas
parnese visticamak notiek starp §STm molekulam, kuras atrodas kaiminos esoSos nano izméra
tukSumos SiO stikla tikla struktira.

Optical absorption of excimer laser-induced chlorine oxides in silica glass and excitation

of singlet oxygen luminescence by energy transfer from chlorine molecules
Linards Skuja!, Nadege Ollier?, Koichi Kajihara®, lvita Bite!, Madara Leimane?!, Krisjanis Smits?, Andrejs
Silins!
! Institute of Solid State Physics, University of Latvia
2 Laboratoire des Solides Irradiés CEA-CNRS-Ecole Polytechnique, Institut Polytechnique de Paris
3Department of Applied Chemistry for Environment Tokyo Metropolitan University

Optical absorption (OA) bands of interstitial chlorine dioxide (CIO2, weak band at 3.5 eV,
fwhm ~0.8 eV) and dichlorine monoxide (CICIO and CIOCI, strong band at 4.7 eV, fwhm
0.94 eV) are identified in F2 laser — irradiated (hw=7.9 eV) synthetic silica glass bearing both
interstitial O, and Cl> molecules. Alongside with intrinsic defects, these OA bands can
contribute to solarization of silica glasses produced from SiCls. While only the formation of
CICIO is confirmed by its Raman signature, its structural isomer CIOCI may also contribute to
the induced 4.7 eV OA band. Thermal destruction of this band between 300°C and 400°C
almost completely restores the pre-irradiation concentration of interstitial Cl,. An additional
weak OA band at 3.5 eV is tentatively assigned to CIO2 molecules, based on similarity to the
OA of free molecules and on previous observations of CIO2 in SiO2 by electron paramagnetic
resonance. The strongly forbidden 1272 nm infrared luminescence band of excited singlet O
molecules was observed at 3 eV-3.5 eV excitation, demonstrating an energy transfer process
from photoexcited triplet Cl> to O2. The energy transfer most likely occurs between Cl, and
O interstitial molecules located in neighboring nanosized interstitial voids in the structure of

Si0O; glass network.

The financial support of project No. 1zp-2018/1-0289 "Optical properties of advanced silicon dioxide-based
materials for ultraviolet and high-power photonics™ is greatly acknowledged. An additional support was received
from the European Union’s Horizon 2020 Framework Programme H2020-WIDESPREAD-01-2016-2017-
TeamingPhase2 under grant agreement No. 739508




Temperatiiras ietekme uz sola-géla procesa sintezeto stiklveida silicija dioksidu

Madara Leimane, lvita Bite, Linards Skuja
Latvijas Universitates Cietvielu fizikas institiits
Siliciju dioksidu (SiO-) saturoSos stiklveida materialus plasi izmanto optika, nanotehnologijas un
mikroelektronika. Sint&tisko SiO. stiklu parasti ieglist no gazes fazes, oksidgjot SiCls pie augstas
temperatiiras (~2000 °C) skabekla-tidenraza liesma vai augstfrekvences plazma un iegiitajam SiO»
dalinam stiklojoties pie ~1500 °C. Iegiito stiklu blivumu (ap 2,20 g/cm®) un struktiiru liela méra nosaka
termokimiskie procesi pie §STm temperatiram. Alternativi iegtstot SiO- stiklu ar sola-géla metodi no
silicijorganiskajiem savienojumiem (piem., TEOS), stikla tikla veidos$anas ("polimerizacija") notiek
pakapeniski, karsgjot sintezéto kserogélu pie paaugstinatam temperatiiram, kas var biit zemakas par

starptetraedru nanoizméra tukSumu lielumu, kuru klatbiitne pamata nosaka SiO> stiklu zemako bltvumu
salidzinajuma ar o-kvarcu (2,65 g/cm®). Miisu sintezéto sola-gg€la paraugu Ramana spektri rada
stiklveidosanas procesu jau sakot no 500 °C. So stiklu struktira atskiras ar lielu 3-loceklu Si-O saisu
gredzenu koncentraciju. Novérota liela izoléto silanolgrupu (Si-O-H) koncentracija, kas ir batiska
atSkiriba no parastajiem stikliem, kur novero tikai saistitas, tidenraza saites perturbetas silanolgrupas.
Tas norada uz nanoizméra tukSumu klatbiitni sola-ggla stiklos, uz kuru virsmam izvietotas izoletas
silanolgrupas. Paraugu karsésana pie T>600 °C rada fotoluminiscences joslas pie 3,7 un 3,8 eV ar
ierosmes joslam pie 5,5 un 4,5 eV, kuras izzid, karsgjot pie 1000 °C. Sada luminiscence nav tikusi
noverota parastaja SiO- stikla, bet ir nov@rota porainos paraugos ar lielu virsmu: oksidéta porainaja
silicija un sola-ggla stiklos. Luminiscences centru modelis 11dz $im ir stridigs, ir izvirzitas hipot&zes par
ta saistibu ar virsmas silanolgrupam vai oglekla piemaisjjumiem.

Influence of temperature on the sol-gel synthesis of glassy silicon dioxide glass

Madara Leimane, lvita Bite, Linards Skuja
Institute of Solid State Physics, University of Latvia

Silicon dioxide (SiO2) materials are widely used in optics, nanotechnologies, and microelectronics.
Synthetic SiO; glass is usually obtained from gas phase, by oxidizing SiCl, at high T (~2000 °C) in
hydrogen-oxygen flame or in RF plasma, and by sintering the obtained nanoparticles at ~1500 °C. The
structure and density of the obtained glass (~2.20 g/cm?®) are mainly due to thermochemical processes
at these temperatures. When obtaining SiO; glass by an alternative sol-gel method from silicon-organic
compounds (e.g., TEOS), the formation of the glass network (polymerization) takes place gradually, by
heating the obtained xerogel at increasingly higher temperatures, which may be much lower than the
usual glass-forming temperature. Together with the variations in synthesis conditions, this allows to
change the average size of inter-tetrahedral nanosized voids, which are the basic cause for the lower
density of SiO; glass compared to a-quartz (2.65 g/cm?®). The Raman spectra of our synthesized samples
show the onset of the glass-forming process starting already from 500 °C. The structure of these glasses
is distinguished by a large concentration of 3-membered rings of Si-O bonds. Additionally, a large
number of "free" (non-hydrogen bonded) silanol groups are present, which is an essential difference
from the conventional SiO; glass, where only H-bonded or otherwise perturbed silanols are observed.
This indicates the presence of larger nanosized voids, whose internal surfaces accommodate the free
silanols. Heating of the samples at T>600 °C lead to the rise photoluminescence bands at 3.7 and 3.8
eV with excitation bands at 5.5 and 4.5 eV. They disappear after heating at 1000 °C. Such emission has
never been observed in conventional SiO; glass, however, is reported in porous samples: oxidized
porous silicon and some sol-gel glasses. The luminescence origin has remained controversial,
interacting silanol groups and carbon impurities have been suggested.

The financial support of project No. 1zp-2018/1-0289 "Optical properties of advanced silicon dioxide-
based materials for ultraviolet and high-power photonics™ is reverently acknowledged. An additional

support was received from the European Union’s Horizon 2020 Framework Programme H2020-
WIDESPREAD-01-2016-2017-TeamingPhase2 under grant agreement No. 739508



NazFeP207 — oglekla kompozitmateriala sintéze un elektrokimiskas 1pasibas

Inara Nesterova, Gints Kucinskis, Gunars Bajars
Latvijas Universitates Cietvielu fizikas institiits

NaoFeP207 ir daudzsoloSs natriju jonu bateriju katodmaterials. Pievienojot dazadas
elektrovadosas oglekla piedevas, var novérot materiala elektrokimisko 1pasibu uzlaboSanos.
Darba sintezéts NaoFeP2O7 ar un bez elektrovadosam oglekla piedevam (glikozes, reducéta
graféna oksida vai abu kombinacijas). Paraugiem veikti XRD, SEM, XPS un Ramana
spektroskopijas meérjjumi. Elektrokimiskas 1pasibas analiztas, veicot uzlades-izlades,
ciklgjamibas un elektrokimiskas impedances spektroskopijas meérijumus.

NazFeP207 uzradija ladinietilpibu lidz 93 mAh/g (96% no teorétiskas vertibas). Augstako
atrumspéju uzrada paraugs ar elektrovadosu oglekli (w=15%), kas veidojies no glikozes.

Synthesis and electrochemical properties of Na2FeP20O7 — carbon composites

Inara Nesterova, Gints Kucinskis, Gunars Bajars
Institute of Solid State Physics, University of Latvia

NazFeP.O7 is a promising cathode material for sodium-ion batteries. It’s electrochemical
properties improve by adding different electroconductive carbon additives.

In the study, NaFeP.O7/C was synthesized with and without electroconductive carbon
additives (glucose, reduced graphene oxide or both). The quality of synthesized products was
evaluated by XRD, SEM, XPS and Raman spectroscopy. Electrochemical properties were
analysed by performing charge-discharge and cyclability measurments as well as
electrochemical impedance spectroscopy.

The synthesized NaxFeP>0O7 showed capacity up to 93 mAh/g (96% of theoretical capacity).
We find that the rate capability was highest for sample with 15% conductive additive formed
from glucose.

The financial support of project Advanced Materials for Sodium lon Batteries, project No.
1.1.1.2/V1AA/1/16/166 is acknowledged
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Ar elektroforétiskas izgulsnéSanas metodi iegiits parejas metalu un reducéta grafena
oksida anodmaterials litija jonu baterijam

Kaspars Kaprans, Mihails Karauss, Gints Kucinskis, Gunars Bajars
Latvijas Universitates Cietvielu fizikas institiits

Litija jonu baterija (LJB) ir energijas uzglabasanas ierice, kuras priekSrocibas ir augsts
energijas blivums, augsts uzlades - izlades ciklu skaits un sp&ja saglabat stabilu ladina ietilpibu
konstantas stravas izlades rezima. Tomér LJB praktiskais pielietojums joprojam ir ierobezots,
pasi augstas jaudas elektroieric€s un elektriskajas automasinas. Elektrodi ir biitiskas baterijas
komponentes, kas tiesi ietekmé bateriju veiktsp&ju.

Pétijuma ka LJB anoda materials tiek pétits elektroforétiski izgulsnéts Fe2Os/TiO2/rGO
kompozits, ta ka Fe O3 ir liela ladinietilpiba (1007 mAh/g), TiO: ir kimiski inerts, nodroSina
struktiiras stabilitati uzlades - izlades ciklos un reducétam graféna oksidam ir augsta elektronu
vaditspgja. Darba tiek izmantots dazadu kvantitativo sastavu parejas metala oksidu elektrodu
kartinas. Lai novertétu baterijas Stinas veiktspgju paraugiem tika veikta atkartota
uzlades/izlades ciklu meérfjumi, atrumspgjas mérjumi (rate capability), cikliska
voltamperometrija un elektriska impedances spektroskopija. Darba iegiitos rezultatus var talak
izmantot LIB ternaru strukttiru elektroda materialu pétijumos.

Electrophoretically deposited transition metal and reduced graphene oxide films as
anode for lithium-ion batteries

Kaspars Kaprans, Mihails Karauss, Gints Kucinskis, Gunars Bajars
Institute of Solid State Physics, University of Latvia

Lithium-ion batteries (LIBs), as one of the most important energy storage devices, have
attracted large attention due to their advantages of high energy density, long cycle life and rate
capability. However, the practical application of LIBs is still restricted, especially in electrical
devices and hybrid electric vehicles. Electrode materials are key factors to affect the battery
performance as energy storages device.

In this research electrophoretically deposited Fe2O3/TiO/reduced graphene oxide composite
used as LIBs anode. Iron oxide has gravimetric capacity 1007 mAh/g, titanium dioxide has
high chemical stability and reduced graphene oxide with good electric conductivity. In this
research different quantitative content of transition metal oxide in the electrode films are
investigated. In order to estimate battery performance: cyclability, rate capability, cyclic
voltammetry and electrical impedance spectroscopy are used. Results obtained in this research
can be useful for future investigations of ternary electrode material for lithium - ion batteries.

The financial support of Scientific Research Project for students and young researchers
Nr.SJZS/2020/6 realized at the ISSP University of Latvia is greatly acknowledged.
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Litija jonu akumulatoru dzives ilguma novértesana

Jilija Hodakovska, Beate Kriize, Inara Nesterova, Gunars Bajars, Gints Kucinskis
Latvijas Universitates Cietvielu fizikas institiits

Misdienas litija jonu akumulatori kluva par izplatitu energijas avotu dazadas ieric€s, jo tie spgj
nodro$inat labus pielietojumiem atbilstoSus parametrus (spriegumu, energijas blivumu, Iénu
pasizladi). Litija jonu akumulatora dzives ilgums un veselibas stavoklis ir vieni no
parametriem, kas butiski ietekm€ praktisko pielietoSanu. Pirmo parametru novérté empiriski,
ciklgjot dazus no serijas nejausi izveletus akumulatorus. Ta ir laikietilpiga metode, kas balstas
uz vairakkart€jas uzlades un izlades ciklu atkartoSanas. Otrais parametrs komercialajiem
pielietojumiem nav standartiz&ts, bet zinatnieki ir izveidojusi vairakus modelus, kas lauj no
dazadiem parametriem noveértét akumulatora veselibas stavokli.

Atra metode, kas lautu noteikt akumulatora potencialo dzives ilgumu un veselibas stavokli
balstoties uz izmantoSanas laika izméramiem parametriem, lautu atrisinat dazus praktiskus
jautajumus un savlaicigi planot aizvieto$anu. Tas ir Tpasi svarigi komercialiem pielietojumiem.
Saja prezentacija tiek apskatita misdienu situacija akumulatoru dzives ilguma un veselibas
stavokla noteikSana, ka ar1 pasu autoru pirmie iegtitie rezultati.

Evaluation of Service Life of Lithium-lon Batteries

Julija Hodakovska, Beate Kruze, Inara Nesterova, Gunars Bajars, Gints Kucinskis
Institute of Solid State Physics, University of Latvia

In the modern world Li ion batteries are widely spread energy source, and the reason for it is
ability to ensure good working parameters, e.g. voltage, energy density and slow self-discharge.
Two of important parameters that define practical usability are service life and state of health
of the battery. The first is determined by empirical testing of several samples from the batch
by cycling — a time-consuming method that involves repeated charging and discharging of the
battery. Determination of state of health has not been standardized for commercial use, but
several groups have developed different models to evaluate it by using various parameters of
the battery.

A quick method for evaluating service life and state of health of the battery, based on an array
of parameters collected during its use could solve several issues and allow to plan battery
replacement in advanced. That is especially important for commercial implementations.

In this presentation, actual state of art in the area of battery service life prediction and state of
health determination is presented along with our preliminary experimental results.

The financial support of LZP-2020/1-0425 project Litija jonu akumulatoru elektrodu un Siinu
dzives cikla prognoze, izmantojot stravas un sprieguma mérijumus/Cycle life prediction of
lithium-ion battery electrodes and cells, utilizing current-voltage response measurements is
greatly acknowledged.
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GCMS izmantosana elektrolizes gazu analize - Gazu hromatografijas iespéjas LU CFI

Péteris Lesni¢enoks'?, Ainars Knoks?, Liga Grinberga®
YLatvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitites Materidlzindtnes un lietiskdas kimijas fakultdte

Studentu un jauno zinatnieku granta ietvaros CO- elektrokatalitiskas sadaliSanas procesa iegtito
produktu pétijumi tiek veikti izmantojot gazu hormatografijas un masspektrometrijas (GCMS)
analitiskas metodes. Petijumi atbilst ‘Eiropas Zala kursa’ noteiktajai prioritatei un industrijai
svariga joma, ka siltumnicas efektu veidojosas gazes - CO2, parverst pielietojama resursa —
ogludenrazos (Power to X). Lai precizi definetu lietderigai elektrokatalizei izmantojamos
parametrus, nepiecieSams veikt produktu monitoringu. To ir iesp&jams nodrosinat, izmantojot
atru un precizu metodi - GCMS. Elektrokatalizes procesa nodro$inasanai izvélétais katalizators
ir Eiropa pieejamaks materials — varS. Noteiktas vara nanostruktiiras un mikrostrukttras ir
efektivakas salidzinoSi garaja 12 elektronu elektrokimiskaja procesa, kura notiek CO:2
reform@Sana 11dz C»-C3 ogliidenraziem. Gan uz elektroda radttais reakcijas produkts, gan ta
elektroda ilgmuZiba ir loti atkariga no elektroda struktiras. GCMS priekSrociba ir iespgja
noteikt gazes parauga, Skidra parauga sastavu un, izmantojot ieks$€ja standarta metodi,
kvantific€t nezinamus maisijumus.

Electrocatalytic gas product analysis — GCMS in ISSP UL
Peteris Lesnicenoks®?, Ainars Knoks?, Liga Grinberga®

YInstitute of Solid State Physics, University of Latvia
2FMSAC, Riga Technical University

GCMS as analysis tool for electrocatalysis products of CO- is used in the young scientist and
student project realized in ISSP UL to gather information that has been made available with
recent local infrastructure improvements. The investigation is performed broadening the
knowledge in field of electrocatalysis of most prominent greenhouse gases — COz. This is an
important study for industry as a Power to X concept. To define the electrocatalysis parameters
a precise monitoring of the products is need performed during synthesis and reliably in lab,
which can be done using GCMS. The chosen catalyser for this process is Cu, as its
nanostructures and microcrystals are uniquely useful in CO, conversion and is available in
Europe in larger quantities than Pt-group metals. CO> conversion to C, and Cs hydrocarbons
on Cu structures does take a long 12 electron path. Both the product and longevity of the
electrode is highly dependent on the structure of electrode. GCMS advantage is the possibility
to identify composition of gas sample, liquid sample — and to use the internal standard method
to quantify unknown mixtures.

* Institute of Solid State Physics, University of Latvia as the Center of Excellence has received funding
: ’; from the European Union’s Horizon 2020 Framework Programme H2020-WIDESPREAD-01-2016-
L 2017-TeamingPhase2 under grant agreement No. 739508, project CAMART?
*

Financial support provided by Scientific Research Project for Students and Young Researchers
Nr. SJZ/2020/09 realized at the Institute of Solid State Physics, University of Latvia is greatly
acknowledged
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Kustigu biologisko objektu elektromagnétiska lauka vilnveida signala registréSanas
ierice.

Irina Gvardina, Alberts Kristing, Janis Melderis, Juris Veinbergs?,
A. Drebot, V. Stiire?
YLatvijas Universitdtes Cietvielu fizikas institiits
2 Sia “Vet Health Spektrum”

Kustiga biologiska objekta elektromagnétiska lauka vilnveida signala registréSanas ierice
paredzéta ka sastavdala sist€émai mastita agrinai diagnosticéSanai govim. Izstradi ierosinaja Sia
“Vet Health Spektrum”.

Registracijas komplekts sastav no diviem atseviskiem mezgliem - biosignala uztveres
bloka un datu uzkrasanas bloka.

Nozimigakas biosignala uztveres bloka sastavdalas: antenas tipa signala pastiprinatajs ar
joslas filtriem, analogais ciparu parveidotajs, vadibas mikrokontrolieris, atmina, datu
parraides/uztverSanas mezgls, sprieguma stabilizatori un autonoms barosanas avots. Bloks
veidotas uz TI mikrokontroliera bazes, pielietojot unikalu programmatiiru, tadgjadi panakot
péc iesp&jas mazaku energijas patérinu no akumulatora.

Ne mazak svariga ir otra registracijas komplekta sastavdala - datu uzkrasanas bloks. To
veido vadibas komandu un datu uztveres modulis, ka arT personalais dators datu uzkrasanai un
primarai analizei. No §1 bloka paredzgéts registréto informaciju nostit uz diagnostikas sist€émas
datu apstrades, analizes un administré$anas moduliem, ka ari sanemt no tiem administrativas
komandas.

No datu uzkrasanas bloka var sanemt informaciju .csv vai .wav failu veida.

Electromagnetic field wave signal recording device for moving biological objects.

I. Gvardina, A. Kristing, J. Melderis, J. Veinbergs?,
A. Drebot, V. Stiire?
YInstitute of Solid State Physics, University of Latvia
%\et Health Spectrum Ltd.

The device for recording the electromagnetic field wave signal of a moving biological
object is intended as a component of a system for early diagnosis of mastitis in cows. The
development was initiated by Vet Health Spektrum Ltd.

The registration set consists of two separate blocks - a biosignal receiving block and a
data storage block.

The most important components of the biosignal receiving block: antenna-type signal
amplifier with bandpass filters, analog-to-digital converter, control microcontroller, memory,
data transmission / receiving block, voltage stabilizers and autonomous power supply. The
block is based on the TI microcontroller, using unique software, thus achieving the lowest
possible power consumption from the battery.

No less important is the second component of the registration device - the data storage
block. It consists of a control command and data acquisition module as well as a personal
computer for data storage and primary analysis. From this block, it is planned to send the
registered information to the data processing, analysis and administration modules of the
diagnostic system, as well as to receive administrative commands from them.

You can receive information from the data storage unit in the form of .csv or .wav files.
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Elektriskas impedances mériSana ar vienu sinhronas demodulacijas kanalu

Paul Annus!, Alberts Kristins?
YTallinas Tehnologiskas universitates Tomasa Johana Zébeka elektronikas nodala
2Latvijas Universitdtes Cietvielu fizikas institiits

Daudzas praktiskas mérisanas situacijas dazadiem ierosinajumiem tiek iegiiti dazadi
parametri objekta vai ierices izeja. To var iegit, analiz§jot impulsa reakciju laika apgabala
vai novertgjot sarezgitu parvades funkciju frekvencu apgabala. VElak var uzdot fazes nobidi
un sinusoidala ierosmes signala amplitiidas izmainas pie dazadam frekvencém. Butiba ta ir
divdimensiju probléma, kur var &rti izmantot kompleksos skaitlus, jo tiem ir gan realas, gan
imaginaras dalas. Parasti, nosakot objekta komplekso parvadi, tiek izmantoti divi kanali - |
kanals un Q kanals vai kanals realajai kompleksa skaitla dalai un v@l viens imaginarai dalai.
To var uzskatit par korelacijas izpildiSanos starp ierosmes un reakcijas signaliem divas
pozicijas: ar nulles fazes nobidi un 90 ° fazes nobidi. Tam nepiecieSami divi identiski kanali,
kuru precizu savietojamibu ir griiti sasniegt. Turklat divu kanalu izmantoSana ir biitiski
sarezgitaka neka viena kanala izmantoS$ana un ta patéré vairak energijas.

Vienkanala noteikSanas alternativa tika ierosinata, analizéta un parbaudita laboratorija,
lai iegtitu elektrisko bioimpedances signalu no radialas arterijas. Piedavata metode ir
noderiga, ja ir nepiecieSams elektriskas bioimpedances portativs mazjaudas meritajs, tacu to
var izmantot dazadas sinhronas mérijumu sistémas. Shéma ir ievérojami vienkarsota,
izmantojot divus nedaudz atskirigus signalus ierosmei un korelacijai.

Electrical Impedance Measurement with Single Synchronous Demodulation Channel

Paul Annus!, Alberts Kristins?
Thomas Johann Seebeck Department of Electronics,
Tallinn University of Technology
2 Institute of Solid State Physics, University of Latvia

In many practical measurement situations object’s or device's output for different
excitations is acquired. It could be acquired by analyzing impulse response in time domain or
by estimating complex transfer function in frequency domain. Later one can be given with
phase shift and magnitude change of the sinusoidal excitation signal at different frequencies.
Essentially it is two-dimensional problem and complex numbers can be conveniently used
since they have both real and imaginary parts. Typically, two channels are utilized when
measuring complex transfer of an object. Namely I channel and Q channel or channel for real
part of the complex number and another for the imaginary part. It can be viewed as performing
correlation between excitation and response signals in two positions: with zero phase shift and
90° phase shift. It requires two identical channels, the exact identity of which is hard to achieve.
In addition, usage of two channels is essentially more complicated then single channel and it
CONsumes more energy.

Single-channel detection alternative is proposed, analyzed, and tested in the lab for the
acquisition of the electrical bioimpedance signal at the radial artery. The proposed method is
useful when wearable low power acquisition of the electrical bioimpedance is required, but it
can be used in different synchronous measurement systems. Circuitry is significantly simplified
at the cost of using two slightly different signals for excitation and correlation.
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As I rezonanses liniju 193,7 un 197,3 nm eksperimentalie oscilatoru stiprumi.
Moderzinatas iekartas uz SPM-2 bazes demonstracija.

Armans Bziskjans, Andris Vanags un Uldis Bérzins
Latvijas Universitdte, Atomfizikas un Spektroskopijas Institiits.

Mes demonstrgjam eksperimentalos iekartu, kura ir izveidota uz spogula monohromatora
SPM2 ar mainamu prizmu bazes. S1iekarta ir Joti piem&rota darbam spektra talaja ultravioletaja
dala, ja taja ir izmantota augstas kvalitates prizma kvarca prizma. Augsta spektrala izskirtsp&ja
ir nodroSinata staru divreiz laizot cauri prizmai. Augstu spektralo jutibu nodro$ina
Fotoelektronu pavairotaja FEU 39 izmantoSana.

Spektru ieraksts un Iiniju intensitaSu mériSana ir automatiz&ta un iekartas spektrala jitiba ir
noteikta izmantojot kalibrétas tidenraza un deitérija lampas.

Eksperimenta tika mérita arséna atomu relativo Itniju intensitate. Ka Iiniju avots tika izmantoti
arséna induktivis saistitas plazmas avoti. Relativas liniju intensitates tika izméritas divam liniju
grupam ar kop€ju augs€jo energétisko Iimeni. No intensitasu attiecibam tika noteiktas relativa
pareju varbitibas. Tas tika parverstas absoliitajos pareju varbiitibu lielumos izmantojot augsejo
ItTmenu dztves laikus no literatiras. Astrofizikiem, kuri nosaka elementu koncentraciju
zvaigzn@s vai starpzvaigznu objektos, ir nepiecieSamas zinat novéroto liniju absorbcijas
oscilatoru stiprumus. Gala rezultata no absoliitajiem pareju varbiitibu lielumiem ir iegti
arséna rezonanses liniju absorbcijas stiprumi 197.3 nm, f = 0.127(15), un 193.8 nm f = 0.059

(7)
The experimental oscillator strengths of As I resonance lines 193.7 and 197.3 nm: The
demonstration of modernised experimental set-up based on SPM-2.

Armans BziSkjans, Andris Vanags un Uldis Bérzins
Latvijas Universitate, Atomfizikas un Spektroskopijas Institiits.

We are demonstrating the experimental set-up based on the of mirror monchromator SPM-2
with substitutable prism. If prism made of high quality quartz is used, this set-up is very suitable
for far ultraviolet region of spectra. The high spectral resolution is achieved by sending the
light twice through prism. The high sensitivity is achieved by use of Photomultiplier tube FEU-
39. The recording of spectra and evaluation of spectral lines is automated, and the calibration
of spectral sensitivity is performed by using the calibrated hydrogen and deuterium lamps.

In the experiment the relative intensities of arsenic lines were measured As line sources were
used the inductively coupled arsenic plasma light sources. The relative intensities were
obtained for two line groups with common upper level. From the intensity ratios the relative
transition probabilities were obtained, they were transformed to absolute scale by using the
atomic lifetimes from literature.

Astrophysicists, who determine the concentration of elements in stars or interstellar objects,
need to know the strengths of the absorption oscillators of the observed lines. As a result, the
absorption strengths of arsenic resonance lines 197.3 nm, f = 0.127 (15), and 193.8 nm f =
0.059 (7) have been obtained from the absolute values of transition probabilities.

The financial support of ERDF project No 1.1.1.5/19/A/003. and ERAF project S369-ESS381-
ZR-N-109 is greatly acknowledged.
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Ciana spektra efektivitate baltaja LED avota

Davis Zagers, Sergejs Fomins
Latvijas Universitates Cietvielu fizikas institiits

Salidzinot ar citiem gaismas avotiem, LED ir loti ekonomisks un uzticams avots, bet diemzel
gaismas avotu plasa izmantosana ietekmé cilvéka fiziologiskos procesus. Parmérigas zilas
gaismas iespaida tiek izmainits miega ritms jaucot cirkadianu ciklu, tiek radita papildu zilas
gaismas deva tiklenei. Zila gaisma ir vajadziga dabisko procesu norisei, bet samérigas devas.
Zila gaisma ~480 nm stimul¢ cirkadiana ciklu, kavéjot miega hormona izdali epifize, kas liek
mums ilgak palikt nomoda. Moderniem avotiem ir parsvara izklaides funkcija un noskanojumu
veicinoSs pielietojums, bet misuprat, pieeja varétu lauj daudz efektivak izmantot gaismu
fiziologiskam vajadzibam. Izveidotaja gaismas avota izmantojam $adas LED RAGCB (Red,
Amber, Green, Cyan, Blue) komponentes, ciana un dzintara krasas LED lauj izlidzinat
spektralo Itkni, lai taja nebiitu izteiktu piku, optimalai krasu atveidoSanai. Eksperimentos
noteicam, cik daudz sp&jam mazinat zilas gaismas komponenti, pie dazadam intensitatem
(25%-75%) un krasu temperatiiram (3000K-6500K), lai §is avots sakristu ar doto references
gaismas avotu. Eksperimentu dalibnieku rezultati sava starpa bija lidzigi, visvairak atbildi
ietekmg@ja gaismas avota spozums. Dota eksperimenta dalibnieku atbildes liek secinat, ka dalu
no samazinatas zilas gaismas var aizstat ciana un dzintara krasas spektru.

Efficiency of cyan spectra for white LED source

Davis Zagers, Sergejs Fomins
Institute of Solid State Physics, University of Latvia

Compared to other light sources, LED is an economic and reliable source, but unfortunately
the widespread use of light sources affects human physiological processes. Excessive blue light
changes the rhythm of sleep awake cycle by disturbing the circadian clock, giving an additional
dose of harmful blue light to the retina. Blue light is needed for natural processes, but in
reasonable doses. Blue light at ~ 480 nm stimulates the circadian cycle, releasing the release
of sleep hormone in the epiphysis, which makes us stay awake longer. Modern sources have a
predominantly entertaining and mood-boosting application, but we believe that the approach
could allow to use led illumination tech for effective physiological purposes. We use the
following LED RAGCB (Red, Amber, Green, Cyan, Blue) components in the created light
source, cyan and amber LEDs allow to smooth the spectral curve so that there are no
pronounced peaks, for optimal color reproduction. In the experiments we determined how
much we can reduce the blue light component at different intensities and color temperatures
(3000K-6500K) so that this source coincides with the given reference light source. The results
of the experimental participants were similar, the answer was most influenced by the brightness
of the light source. The answers of the participants of the given experiment suggest that part of
the reduced blue light can be replaced by the cyan and amber components.
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CuMo1xWxOs cieto Skidumu rezonanses rentgenstaru emisijas spektroskopijas pétijumi

Inga Pudza', Aleksandrs Kalinko?, Arturs Cintins!, Aleksejs Kuzmins!
YLatvijas Universitates Cietvielu fizikas institiits
2Sinhrotrons DESY, Vacija

Polikristaliski CuMo1xWxQO4 (0.04 < x < 1.00) cieto Skidumu paraugi tika pétiti, izmantojot
rentgenstaru rezonanses emisijas spektroskopiju (RXES) W Lz-malai ar mérki sekot materiala
lokalas atomaras un elektroniskas struktiiras izmainam atkariba no temperatiras (10 - 300 K)
un parauga sastava.

Darba tiek nodemonstréts [1], ka RXES plaknes analize sniedz noderigu informaciju par
volframa atomu koordinaciju parauga tilpuma un lauj noteikt 5d(W) stavoklu kristaliska lauka
saSkelSanas parametru A. Turklat, So informaciju var iegiit no RXES plaknes, izmantojot divas
dazadas pieejas: analiz€jot augstas izskirtsp&jas caur fluorescenci detektetu rentgenabsorbcijas
pie-malas struktiru (HERFD-XANES) un rentgenstaru emisijas spektrus arpus rezonanses.
RXES metode ir labi piem@&rota in-situ mérijumiem un $aja p&tijuma tika izmantota, lai iegiitu
histergzi, kas raksturo strukturalo fazu pareju starp o un y fazém termohromajos CuMo1-xXWxQO4
cietajos Skidumos temperatiiras ietekme pat pie zemas volframa koncentracijas (x< 0.10).

Resonant X-ray emission spectroscopy of CuMo1xWxOa4 solid solutions

Inga Pudza?, Aleksandr Kalinko?, Arturs Cintins?, Alexei Kuzmin®
YInstitute of Solid State Physics, University of Latvia
2 Deutsches Elektronen-Synchrotron (DESY), Germany

Resonant X-ray emission spectroscopy (RXES) was used to study polycrystalline CuMos.-
xWxO34 (0.04 < x < 1.00) solid solutions at the W Ls-edge with the aim to follow a variation
of the local atomic and electronic structure of the material as a function of temperature (from
10 to 300 K) and sample composition.

We demonstrated [1] that the analysis of the RXES plane provides useful bulk sensitive
information on the coordination of tungsten atoms and allows one to determine the crystal-field
splitting parameter A for the 5d(W) states. Furthermore, this information can be extracted from
the RXES plane using two different approaches: by analysing the high-energy resolution
through fluorescence detected X-ray absorption near-edge structure (HERFD-XANES) and
off-resonant X-ray emission spectra.

RXES method is well suited for in-situ measurements and was used here to determine the
hysteretic behaviour of the structural phase transition between a and y phases in thermochromic
CuMo1-xWxQOg4 solid solutions on cooling and heating, even at low (x < 0.10) tungsten content.

The financial support provided by Scientific Research Project for Students and Young
Researchers Nr. SJZ/2019/1 realized at the Institute of Solid State Physics, University of Latvia
is greatly acknowledged.

[1] I. Pudza, A. Kalinko, A. Cintins, A. Kuzmin, Acta Mater. 205 (2021) 116581.
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Balta fosfora (P4) struktiiras un svarstibu aprekini

Ciro F. Tipaldi, Jevgenijs Gabrusenoks
Latvijas Universitates Cietvielu fizikas institiits

Peétijuma apskatits [idz Sim salidzinoSi maz analiz€tais balta fosfora molekularais
kristals, izmantojot teorétiskos aprékinus. To veikSanai y-fazei piedavata hipotétiska tilpuma
centréta kubiska (BCC) kristalrezga struktiira ar 217. telpas simmetrijas grupu, kura Ps
molekulu centri atbilst eksperimentali zinamai struktiirai un kada nereti novérojama
citiem AXs tipa molekularajiem kristaliem. Kombingjot ab initio un klasiskas
molekulardinamikas aprékinu metodes, optimizéta $ada veida struktiira un parbaudita tas
stabilitate. Aprekini izdariti ar programmam CRYSTAL14 un GULP.

Veikti fononu aprékini, izmantojot dazada veida speku laukus un potencialus. Iegttas
fononu stavoklu blivumu un dispersijas liknes. Izteikti izdalas augstfrekvencu iekSmolekularo
svarstibu apgabals un zemfrekvencu kristalrezga svarstibu apgabals. Rezga stabilitate
analizeta, aplikojot fononu dispersijas dazados Briljuéna zonas virzienos. Analiz€jot modu
1pasvektorus, iesp&jams git priekSstatu par deformaciju virzieniem un to dabu. P&c nestabilam
modam iesp&jams noteikt deformaciju izraisitas fazu parejas.

Structural and lattice dynamical calculations for white phosphorus (Pa4)

Ciro F. Tipaldi, Jevgenijs Gabrusenoks
University of Latvia Institute of Solid-State Physics

In this work the molecular crystal of white phosphorus has been analysed through
theoretical methods. For calculations a hypothetical body-centered cubic (BCC) struture with
space group symmetry No. 217 is proposed for the y-phase — a structure which keeps the P4
molecular centres in the same positions as in the empirically known structure of the
y-phase and which is common for various kinds of molecular crystals of the AXs form.
Combining ab initio calculations and classical MD this structure has been optimised and its
stability checked using lattice dynamics. The programs used for calculations are CRYSTAL14
and GULP.

Phonon calculations have been conducted using various force fields and potentials,
phonon DOS and dispersion curves are obtained. There is a clear distinction between regions
of low frequency lattice and high frequency intermolecular vibrations. The stability of this
lattice structure is analysed by observing the phonon dispersion along various symmetry lines
of the Brillouin zone. Analysing the eigenvectors one can obtain an understanding of the
characteristics of deformations. Unstable modes give insight into possible phase transitions due
to deformations.
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Balta fosfora a fazes Ramana izkliedes spektri un kubiska rezga dinamikas modelis

Ingars Lukogeviés, Jevgenijs Gabrusenoks, Georgijs Cikvaidze
Latvijas Universitates Cietvielu fizikas institiits

Baltais fosfors (BF) ir molekulars kristals, kas sastav no tetraedriskam P4 molekulam, kuru
savstarp&jais izkartojums mainas parejot starp trim pazistamajam fazém: «, 8, y. Darba
apskatiti & fazes Ramana izkliedes spektri ka arT spekuléts par vienkarsas struktiiras svarstibu
modeli harmoniska tuvinajuma.

BF molekulu tvaika Ramana izkliedes spektra novérojamas tris Iinijas, tas atbilst svarstibu
simetrijam Az, T2 un E un So svarstibu frekvences vispariga gadijuma aprakstamas ar trim
speka lauka konstant€ém, kas reduc€jas uz vienu neatkarigu parametru, apskatot aksiali
simetrisku spé&ku pienémumu.

No ab initio optimizacijas aprékiniem izveidots hipotétisks BF a fazes struktiiras modelis ar
augstu simetriju, kam izveidots klasiskais rezga dinamikas modelis, nemot véra ickSmolekularo
mijiedarbibu un mijiedarbibu starp tuvakajiem atomiem atSkirigas molekulas, kura vispariga
gadijuma aprakstama ar ¢etram spéka konstantem. Saja modelf atrasti speka lauka parametri,
balstoties uz eksperimentaliem datiem un ab initio aprékiniem. Eksperimentali joslu platumus
Ramana izkliedes spektra iespgjams samazinat, pazeminot parauga temperatiru, kas iespgjams
lidz fazu parejas o — f temperatiirai, [idz kurai nav novérota joslu saskelSanas.

Raman scattering spectra and the cubic lattice dynamics model of white phosphorus a
phase

Ingars Lukogeviés, Jevgenijs Gabrusenoks, Georgijs Cikvaidze
Institute of Solid State Physics, University of Latvia

White phosphorus (WP) is a molecular crystal consisting of tetrahedral P4 molecules. Their
orientation changes when WP changes between the three known phases: a, £, y. In this work
in addition to discussion of Raman scattering of a phase dynamical model of a simple structure
is speculated in harmonic approximation.

Raman spectra of WP vapor shows three bands which correspond to vibrations with symmetries
A1, T2 and E. The frequencies of the vibrations in a general case can be described by three force
constants, which reduce to a single independent parameter under the assumption of axially
symmetric forces between atoms.

A hypothetical WF a phase model with a high symmetry has been created from ab initio
optimization calculations. Classical lattice dynamics model has been created for this structure,
considering intramolecular forces and interaction with closest atoms in different molecules
which is in a general case described with four force constants. In this model force field
constants have been found based on experimental data and ab initio calculations.
Experimentally the band FWHM can be reduced by lowering the sample temperature which is
possible down to phase transition a — 8 temperature, down to which no splitting of bands is
observed
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Ar CVD metodi sintezetu dimanta Kkristalu Ramana spektroskopija

Alise Podelinska!, Jevgenijs Gabrusenoks?, Theo Andreas Scherer?, Gaetano Aiello?, Anatoli I.
Popov!
YLatvijas Universitates Cietvielu fizikas institiits
’Karlsrués Tehnologiju institiits, Lietisko materialu institiits

Dimanta kristaliem atkariba no izm&riem ir daudz dazadu pielietojumu. Darba gaita tika
apskatiti CVD (kimiska tvaiku nogulsné$ana) dimanta paraugi, kas tika audzeti uz Si substrata
disku virsmam ar diametriem 56 mm un 42 mm. Uz parauga virsmas ar optisko mikroskopu
tika noveéroti mikroskopiskie telpiskie defekti.

Izmantojot Ramana spektrometru, CVD dimantam tika izmériti spektri defektu tuvuma un tiesi
tajos, ka ar1 attaluma no tiem. Iegttajiem parauga spektriem tika konstatéta tipiska dimanta
josla, ka arT luminiscences joslas, kuru intensitate defektu tuvuma pieaug. Lai noteiktu paraugu
homogenitati, tika veikta parauga sken€Sana ar 1 mm soli starp mérijjumiem, katru punktu
apskatot vairakas reizes ar noteiktu laika intervalu. Tika novérots, ka pie 1330 cm™ korelacijas
starp spektra joslas pusplatumu un poziciju nav — tiem ir dazadi izmainas c€loni. Peéc Ramana
spektra luminiscences joslu pozicijam pie 1400, 3100 un 5200 cm™ (ar 532 nm ierosmi) tika
noteikts, ka tas atbilst NV®, NV~ un SiV centru luminiscencém. Dimanta 1330 cm™ joslas
parametri tika noteikti izmantojot VVoigta profilu, kur parauga patieso Ramana spektra formu
raksturo Lorenca funkcija, bet Gausa funkcija — spektrometru.

legttie rezultati lauj noteikt optimalos eksperimenta nosacijumus, lai ieglitu nepiecieSamo Tsto
dimanta joslas pusplatumu.

Raman spectroscopy of diamond crystals synthesized by CVD method

Alise Podelinska?, Jevgenijs Gabrusenoks!, Theo Andreas Scherer?, Gaetano Aiello?, Anatoli I.
Popov!
YInstitute of Solid State Physics, University of Latvia
*Karlsruhe Institute of Technology, Institute for Applied Materials

Diamond crystals depending on the size have many different applications. In this work CVD
(chemical vapour deposition) diamond samples were grown on Si substrate disk surfaces with
diameters of 56 mm and 42 mm. With an optical microscope microscopic spatial defects on the
surface of the sample were observed.

Using a Raman spectrometer, the spectra of the CVVD diamond were measured near and directly
in the defects, as well as at a distance from them. For the obtained sample spectra both a typical
diamond band and luminescence bands with increasing intensity near the defects were detected.
To determine the sample homogeneity, it was scanned with a 1 mm step between
measurements, and each point was measured several times with a certain time interval. It was
observed that at 1330 cm™ there is no correlation between the half-width and the position of
the spectral band — there are the different reasons for the change in the spectral parameters. The
position of the luminescence bands of the Raman spectrum at 1400, 3100 and 5200 cm™ (with
532 nm excitation) were determined to correspond to the luminescence of the NV°, NV~ and
SiV centres. The parameters of the 1330 cm™ diamond band were determined using the Voigt
profile, where the natural Raman spectral shape of the sample is characterized by the Lorentz
function, and by the Gaussian function — the spectrometer.

The obtained results allow to determine the optimal experimental conditions to obtain the
required natural half-width of the diamond.
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Lokalas struktiiras ipatnibas NiWOz-ZnWO:s cietos Skidumos

Georgijs Bakradze!, Aleksandrs Kalinko?, Aleksejs Kuzmins!
YLatvijas Universitates Cietvielu fizikas institiits
*Vacijas Elektronu Sinhrotrona pétniecibas centrs (DESY), Vacija

Lai izpetitu termiskas un statiskas nesakartotibas ietekmi uz lokalo strukturu
mikrokristaliskajos ZncNiicWOs4 cietos Skidumos, ir veikti rentgenstaru absorbcijas
spektroskopijas mérjjumi W Lz, Ni un Zn K malam atkariba no temperatiiras (10-300 K) un
koncentracijas (c=0.0-1.0). Izmantojot apgriezto Montekarlo (RMC) metodi, ir modeléti
eksperimentalie EXAFS spektri vairakam absorbcijas malam vienlaicigi. Ir paradits [1], ka
cieto Skidumu veidoSanas noved ne tikai pie spécigiem izkroplojumiem [WOs], [NiOs] un
[ZnO¢] oktaedru pirmajas koordinacijas sfeéras, bet ar pie struktiiras relaksacijas un izmainam
metala jonu otraja koordinacijas sfera.

Peculiarities of local structure in NiWQOs-ZnWO4 solid solutions

Georgijs Bakradze?, Aleksandrs Kalinko2, Aleksejs Kuzmins?
YInstitute of Solid State Physics, University of Latvia
Deutsches Elektronen-Synchrotron (DESY), Germany

Temperature-dependent (10-300 K) x-ray absorption spectroscopy at the W Ls-edge, Ni and
Zn K-edges was used to investigate the influence of thermal disorder and static distortions on
the local structure in microcrystalline ZncNi1.:WOQ4 solid solutions with ¢=0.0-1.0. Reverse
Monte Carlo (RMC) modelling with an evolutionary algorithm approach at several absorption
edges simultaneously was applied to extract structural information from the experimental
EXAFS spectra. It has been shown [1] that the formation of solid solutions is accompanied not
only by strong distortions of [WOs], [NiOe], and [ZnOs] octahedral in the first coordination
shells, but also by structural relaxation and changes in the second coordination shell of metal
ions.

G.B. acknowledges the financial support provided by the State Education Development Agency
for project No. 1.1.1.2/VIAA/3/19/444 (agreement No. 1.1.1.2/16/1/001) realized at the Institute
of Solid State Physics, University of Latvia.

[1] G. Bakradze, A. Kalinko, A. Kuzmin, Low Temp. Phys. 46 (2020) 1201-1205.
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Biomasas kimiskas aktivacijas temperatiras ietekme uz N-dopétu oglekla struktiiru un
skabekla reduceéSanas reakciju

Ance Plavniece* Aleksandrs Volperts!, Galina Dobele!, Aivars Zirins!, Katlin Kaare®
!Latvian State Institute of Wood Chemistry, Riga, Latvia
’Rigas Tehniskas universitdtes Visparigas kimijas tehnologijas institiits
National Institute of Chemical Physics and Biophysics, Tallinn, Estonia

Pétijuma mérkis bija sintéz&t ar slapekli dop&tu nanoporainu aktivéto ogli (AC-N) ar augstu
specifisko virsmu ka izejvielu izmantojot kokogles. Iegtitie AC-N materiali tika parbauditi
zemas temperatiiras degvielas Stinas katoda ka katalizators skabekla reducéSanai (ORR).

Oglekla materiala ORR aktivitate AC-N gadijuma, kas aktivéta 800 °C temperatiira ar NaOH,
paradija tadus pasus rezultatus, ka komercialais 20% Pt / C katalizators. Noteikts, ka sintezéto
AC-N katalizatoru elektrokatalitiskas Tpasibas ir atkarigas no attistita virsmas laukuma (vairak
neka 2000 m?/g), mikro un mezoporu attiecibas un-piridiniska slapekla satura. Iegiitie rezultati
paradija, ka AC-N ir daudzsolosi materiali, kurus var izmantot ORR degvielas Stinu elementos.

Influence of Biomass Chemical Activation Temperatures on Nitrogen Doped Carbon
Structure and Oxygen Reduction Reaction

Ance Plavniece'? Aleksandrs Volperts!, Galina Dobele!, Aivars Zhurinsh?, Katlin Kaare®
!Latvian State Institute of Wood Chemistry, Riga, Latvia
2 Institute of General Chemical Engineering, Riga Technical University
*National Institute of Chemical Physics and Biophysics, Tallinn, Estonia

The goal of this research was synthesis nitrogen doped nanoporous activated carbons (AC-N)
with high specific surface using wood charcoal as raw material. AC-N were tested as candidates
for application as oxygen reduction (ORR) cathode in the low-temperature fuel cells.

The ORR activity of the carbon material in the case of AC-N activated with NaOH at 800 °C
showed the same results as the 20% Pt/C catalyst. Electrocatalytic properties of the synthesized
AC-N catalysts may be associated with the highly developed surface area (more than 2000
m?/g), micro and mesoporous and high percentage of pyridinic nitrogen.

The obtained results showed that AC-N is promising materials for application in fuel cells as
cathode for the ORR.

The study was supported by LZP-2018/1-0194 project “Nanostructured Nitrogenated
Carbon Materials as Promoters in Energy Harvesting and Storage Technologies (NN-
CARMA)” and Izp-2020/2-0019 project “New biomass origin materials hybrid carbon
composites for energy storage (BiComp) .
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Ar slapekli funkcionalizéta graféna sinteze un pielietojumi elektronika

Roberts Olins'?, Peteris Lesni¢enoks™?, Janis Kleperis®, Ainars Knoks!, Ingars Lukosevi¢s?
YLatvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas universitites Materidlzindtnes un lietiskdas kimijas fakultdte

Graféns tika atklats 21. gadsimta sakuma, bet ir jau pieradijis sevi daudzos pielietojumos —
energétika, medicina, elektronika, partikas un sporta nozaré€, ka ari citur. Tur savs ieguldijums
ir arT dazados veidos iesp&jama nanostrukturéta oglekla materialu funkcionaliz€Sana gan ar
nemetalu, gan metalu atomiem, pieskirot izejas materialam uzlabotas esos$as vai jaunas
pasibas, pat katalitisko aktivitati.

Elektrokimisa eksfoliacija un mikrovilnu sint€ze ir visértakas un dabai draudzigakas ar slapekli
funkcionalizéta graféna iegtiSanas metodes. Miisu darba ietvaros tiek pétita eksfoliacijas un
mikrovilpu sint€zes parametru ietekme uz iegitd nanostrukturétd oglekla materialu dalinu
lielumu un biezumu un iesp&ju to funkcionalizet ar slapekli.

Eksfoliacija tiek veikta NaNs, ka arTt NaNOz elektrolitu $Skiduma, kas piedava atSkirigu skabekla
grupu esamibu vidé. Mikrovilnu sint€zei tik izmantotas tadas viegli pieejamas vielas ka
citronskabe, karbamids un tdens, kas tiek paklauti elektromagnétiskai radiacijai. legitas
dalinas p&c sintézes tiek mazgatas ar tideni, lai atbrivotos no izejmaterialu parpalikumiem, ka
arT tas tiek sadalitas pec dalinu izméra.

Mazaka frakcija (0,1um), kas iegiita sint€zes procesa, tiek izmantotas tintes printeri dazadu
materialu apdrukasanai, lai iegiitu elektribu vadoSu slani. Liela frakcija (>0,45 pm) tiek
izmantota elektribu vadosu tinSu izveidei elektrodiem, pieméram, kapacitatoru izveidei.

Synthesis of N-doped graphene and it’s applications in electronics.

Roberts Olins!?, Peteris Lesnicenoks®:2, Janis Kleperis!, Ainars Knoks?!, Ingars Lukosevics®
Ynstitute of Solid State Physics, University of Latvia
2MLKF, Riga Technical University

Graphene was discovered in the early 21st century, but has already proven itself in many
applications - energy, medicine, electronics, food and sports, and more. Functionalization of
nanostructured carbon materials with both non-metallic and metallic atoms is possible in
various ways, imparting enhanced or new properties to the starting material, even catalytic
activity.

Electrochemical exfoliation and microwave synthesis are the most convenient and nature-
friendly nitrogen-functionalized graphene production methods.

The exfoliation process is performed in NaN3 as well as NaNO; electrolyte which provides less
quantity of oxygen groups that tend to strongly bond at defect sites on the graphene. Easily
acquirable substances such as citric acid, carbamide and water were used in the microwave
synthesis of graphene. The solution of substances was exposed to electromagnetic radiation for
various amounts of time. After synthesis, the obtained particles are washed with water to
dispose of raw material residues, as well as they are divided by particle size.

The smallest fraction (0.1um) obtained in the synthesis process can be used for ink-jet printing
electrically conductive layers on different materials. The large fraction (> 0.45 um) is used to
create electrically conductive inks for drop casting electrodes, for applications in capacitors.

Authors acknowledge financial support from Latvian Science Council project LZP FLPP
No. LZP-2018/1-0194.
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Osmozes atruma caur dazadam protonus vadosam poliméru kompozitu mebranam
salidzinajums

Reinis Kaparkal&js, Einars Sprigis, Guntars Vaivars
Latvijas Universitates Cietvielu fizikas institiits

CO2EXIDE projekta ietvaros tiek planota CO2 un @idens parvérSana par etilénu un idenraza
peroksidu energoefektivos elektrokimiskas sintézes reaktoros. Viena no svarigakajam Sadu
reaktoru sastavdalam ir jonu apmainas membrana. Tipiski $im noliikam tiek izmantotas Nafion
membranas, bet, to augsto razoSanas izmaksu dél, tiek pétitas arT dazadas alternativas, no kuram
vienas no daudzsolo$akajam ir sulfonéta policteréterketona (SPEEK) un ta kompozitu
membranas.

Optimalai CO2 elektroktmiskas reduc€sanas Stinas darbibai, tas katoda un anoda telpas tiek
izmantotas atskirigas elektrolita, tipiski KHCO3 $kiduma, koncentracijas. ST darba mérkis bija
salidzinat osmozes atrumu caur standarta Nafion un SPEEK membranam, ka arl
SPEEK /cirkonija dioksida kompozitmembranam, lai izvertétu ZrO; efektu uz osmozes atrumu
caur tam.

Darba tika izmantota vienkarSa divu kameru S$iina, kura par atdalitaju tika izmantota petama
membrana, un par elektrolitiem tika izmantoti 1,0 mol/L un 2,5 mol/l KHCO3 skidumi.
Skidumu koncentracijas izmainas laika tika noteiktas netiesi, mérot $kidumu elektrovaditsp&ju.
Iegtitie rezultati norada uz linearu sakaribu starp kompozitmembranas ZrQO> saturu un 0Smozes
atrumu caur to.

A study of osmosis rate in several proton conducting polymer composite membranes

Reinis Kaparkal@js, Einars Spragis, Guntars Vaivars
Institute of Solid State Physics, University of Latvia

Project CO2EXIDE aims to develops methods and materials for production of ethylene from
CO3, water, and renewable energy. This conversion is done in an electrochemical cell, which
requires several key components, one of which is a proton conducting membrane. Nafion
membranes are known to be the standard choice for such a task, however, many alternatives
are being explored. One of such alternatives is sulfonated polyetheretherketone (SPEEK), a
cheaper material with many suitable properties.

For optimal operation of the CO> electrochemical reduction cell, different concentrations of
electrolyte, typically KHCOs3, are used in cathode and anode sides. The aim of this work was
to quantify the rate of osmosis in SPEEK and reference Nafion membranes as well as several
SPEEK/zirconium oxide composites, to evaluate possible effects of additives on the rate of
0SMosis.

A simple two chamber cell was used, with the membranes as separators, and 1,0 mol/L and 2,5
mol/L KHCOs solutions as electrolytes. Concentration changes were determined indirectly, by
measuring electric conductivity of the electrolytes. Obtained results show a clear correlation
between the zirconium dioxide content of the composite membranes and rate of osmosis
through them.

The financial support of European Union's Horizon 2020 Research and Innovation Program
project under grant agreement No 768789 is greatly acknowledged.
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Skalaru un vektorialu mikrohologrammu ieraksts azobenzola molekularaja stiklveida
kartina

Andris Ozols, P&teris Augustovs, Sugavaneswaran Balasubramani
Rigas Tehniskas universitates Tehniskas fizikas institiits

Mikrohologrammu ieraksta izp&te ir aktuala sakara holografisko disku daudz lielako
informacijas ietilpibu salidzinajuma ar citiem optiskajiem diskiem (CD, DVD, Blu-Ray).
Darba ir eksperimentali izpétits nefokusétu un fokusétu holografisko rezgu (HR) ieraksts ar
linearam p-p un cirkularam ortogonalam L-R ierakstoSo un nolaso$o staru polarizacijam un ar
rezgu periodiem 2um un 10pm molekularaja azokartina B11. Nefokusétu HR diametrs bija
1.17 mm, bet fokus€tu-0.14 mm. Darba gaita tika attistita staru diametra, it seviski fokusetu,
meériSanas metodika.

Konstatéts, ka pie noteiktas ieraksta polarizacijas un noteikta HR perioda fokus€Sana
samazina ieraksta efektivitati (REF faktoru), taja skaita difrakcijas efektivitati samazina 2-8
reizes. L-R ieraksts ir efektivaks neka p-p ieraksts abos gadijumos. HR periods dazadi ietekmé
ieraksta efektivitati atkariba no fokuséSanas. Pie abam polarizacijam nefokuséta ieraksta
efektivitate ir lielaka 10um perioda gadijuma, bet fokus€ta- 2 um perioda gadijuma. Tas
norada uz BI11 kartinas telpisko frekvencu raksturliknes atkaribu no gaismas intensitates.
Pieaugot intensitatei kartinas telpiska izkirtsp&ja palielinas.

Referata rezultati azokartinai B11 tiks salidzinati ar skalaru mikrohologrammu ierakstu
amorfas As-S-Se kartinas.

Scalar and vector microhologram recording in an azobenzene molecular
glassy film

Andris Ozols, Peteris Augustovs, Sugavaneswaran Balasubramani
’Institute of Technical Physics, Riga Technical University

Studies of microhologram recording are of interest because holographic disks have much
higher information capacity in comparison with other optical disks CD, DVD, Blu Ray). In this
work, we have experimentally studied unfocused and focused holographic grating (HG)
recording in an azobenzene molecular film B11 with linear p-p and orthogonal circular L-R
polarizations of recording and readout beams , and with HG periods of 2um and 10 um. HG
diameters were 1.17mm and 0.14mm for unfocused and focused HG, correspondingly.
Measurement technique of laser beam diameters was developed, especially useful for focused
laser beams.
It was found that for certain recording beam polarizations and HG period focusing diminishes
recording efficiency (REF factor) including diffraction efficiency decrease 2 to 8 times. L-R
recording is more efficient than p-p recording in both cases.
HG period effect on recording efficiency is different for unfocused and focused recording.
Recording efficiency is higher for 10 um in the case of unfocused recording, and it is higher
for 2um in the case of focused recording. Thus spatial frequency response of the B11 film
depends on light intensity. Spatial resolution power of the film increases when the light
intensity is increased.
In the report, the results obtained for B11 film will be compared with scalar microhologram
recording in As-S-Se films.
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Ink-Jet printéSanas tehnika lokalu organisku parklajumu veido$anai

Anete Bérzina®, Arturs Bundulis!
YLatvijas Universitates Cietvielu fizikas institiits

Misdienas aktivi tiek pétitas iesp&jas veidot dazadas fotoniskas ierices, piem&ram,
interferometrus, mikrorezonatorus, attistot pilnigi optisku ieri¢u veidoganu. Sadu iericu
veidoSanai pamata ir dazadas smalkas fotoniskas struktiiras (pieméram, vilnvadi, fotoniskie
kristali) un aktivie parklajumi. Viens no veidiem, ka veidot homogenus lokalus parklajumus,
ir ar ink-jet tehnologijas palidzibu, kas btu svarigi ne tikai vilnvadu fotoniskajam iericém,
bet ar1 organisko LED un saules bateriju izveidoSana. Ar $adu printeri iesp&jams veidot gan
organiskas, gan neorganiskas planas kartinas uz dazadiem materialiem, veidojot ar1 hibrid
struktiras.

ST darba mérkis ir iepazistinat LU CFI darbiniekus ar iekartas izmanto$anas iesp&am un
l1dz8ingjam problemam. PrintéSanas process ieklauj tintes uzjaukSanu, pamatnes
sagatavo$anu un parklajuma printéSanu. Saja darba organiskie materiali — PMMA un
polisulfins - tika printéti uz stikla, kurs tika piestiprinats pie karséjamas printera pamatnes.
Lai parliecinatos par tintes atbilstibu printera prasibam, tiek veikti viskozitates merijjumi.
Lidz $im ir veidoti organikas $kidumi ar hlorbenzolu un anizolu. Lai ieglitu vienmériga
biezuma kartinu, tika pétita kartinas kvalitate atkariba no pamatnes karséSanas temperatiras,
izmantoto sprauslu skaita, attaluma starp pilieniem, sprauslam pielikta sprieguma, printéSanas
sprieguma liknes un izprintéto slanu daudzuma.

Ink-Jet Printing technique for local organic cladding deposition

Anete Berzina®, Arturs Bundulis!
YInstitute of Solid State Physics, University of Latvia

Nowadays scientists are actively searching for methods, how to make photonic devices, for
example interferometers or microresonators, in order to move towards an all-optical device
manufacturing. To make such device it is necessary to make thin structures (for example,
waveguides and photonic crystals) and active coatings. One of the options to make local
homogeneous coating is by using ink-jet technology, which would be important not just for
waveguide photonic devices, but also in development of organic LED and solar cells. With
such printer it is possible to make organic and inorganic thin layers on various materials,
which also allows to create hybrid structures.

The main target of this work is to introduce other scientists of ISSP UL with the possibilities
of using this printer and with the problems we have had until now. Printing process includes
ink creation, sample surface preparing and printing itself. In this work we printed organic
materials — PMMA and polysulfone — on glass, which was attached to heated platen. To make
sure that the ink is compatible with the printer, it is necessary to measure its viscosity. We
have made solutions with chlorobenzene and anisole. To get more homogenous layer, we
have compared the quality of coatings with different platen heating temperatures, number of
used nozzles, nozzle voltage, waveform, drop spacing and number of layers.
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Organisko pusvaditaju luminiscences pastiprinasana ar sudraba nanodalinu virsmas
plazmona rezonansi

Raivis Silis, Jelena Mikelsone, Aivars Vembris
Latvijas Universitates Cietvielu fizikas institiits

Metala nanodalinu virsmas plazmonu rezonanse var uzlabot organisko pusvaditaju
luminiscenci, tapec tas var atveért celu uz gaismas modulatoru, laboratorijas mikroshému vai
sensoru attistibu, kas ir uz organisko pusvaditaju bazes. ST darba ietvaros tika iegitas dazada
izméra sudraba nanoprizmas tidens Skiduma, kas tika stabiliz€tas ar Na citratu un PVP
(Polivinipirolidons). Ta ka lielaka dala luminoforu neskist ideni, nanodalinas nepiecieSams
parnest uz organisku vidi, kas tika panakts, izmantojot ar ultraskanas metodi un stabilizatoru
aizvietoSanu. legiitie nanodalinu Skidumi tika pievienoti DWK-1-TB mazmolekulara
organiskajam stikla Skidumam, no kura tika iegttas arT planas kartinas. legtitajos paraugos tika
pétita lumeniscences izmaina, kvantu iznakums, atkariba no nanodalinu veida.

Enhancement of semiconductor luminescence by surface plasmon resonance of silver
nanoparticles

Raivis Silis, Jelena Mikelsone, Aivars Vembris
Institute of Solid State Physics, University of Latvia

Metal nanoparticle surface plasmon resonance can enhance luminescence of organic
semiconductors, therefore it may pave the way to development of organic semiconductors
based light modulators, or sensors. Within the framework of this work, silver nanoprisms of
various sizes were obtained in aqueous solution, which were stabilized with Na citrate and PVP
(Polyvinipyrrolidone). Since most phosphors are insoluble in water, nanoparticles need to be
transferred to an organic medium, which was achieved through the use of ultrasonic and
stabilizer replacement. The obtained nanoparticle solutions were added to the DWK-1-TB
small-molecule plexiglass solution, from which thin films were also obtained. The change of
luminescence, quantum yield, depending on the type of nanoparticles was studied in the
obtained samples.
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Kerra efekta spektralas dispersijas pétijumi organiskajos materialos, izmantojot
Z-Scan metodi

Mareks Markans, Arturs Bundulis
Latvijas Universitates Cietvielu fizikas institiits

2019. gada publicéta statistika par interneta lietotaju skaitu visa pasaul€ liecina, ka laika posma
no 2011. Iidz 2019. gadam tas ir divkarSojies.! Skaidri novérojams, ka $1 tendence ir augosa,
lidz ar to arT parraidito datu apjoms palielinas, tadel nepiecieSams uzlabot komunikaciju un
datorsistéemu sistétmu veiktsp&ju, ko Sobrid ierobezo datu apstrades atrums. Ja Sobrid
elektroniskie tranzistori lauj informaciju apstradat nanosekund@s, tad optiskie tranzistori varétu
but pat tiukstoS reizes atraki - informaciju varétu apstradat pikosekund€s. Lai izgatavotu
optiskos tranzistorus, nepiecieSami materiali ar izteiktu divfotonu absorbciju un Kerra efektu.
Ka nelineari optiskos materialus izmantojam organiskos materialus, jo, manipul&jot ar to
struktiiru, iesp&jams panakt nepiecieSamas optiskas 1pasibas, kas lautu parvirzit datu apstradi
no infrasarkana uz redzamo spektru.

Saja darba tika pétitas organisko materialu nelineari optiskas Tpasibas ar Z-Scan metodi, kas ir
populara, jo lauj vienlaikus novérot gan Kerra efektu, gan divfotonu absorbciju. Paraugus
sagatavoja, organiskos materialus skidinot hloroforma un iepildot kvarca kivetes. Ka starojuma
avots tika izmantots pikosekunzu lazeru ar mainamu gaismas vilna garumu. Tika veikti
spektralie merjjumi, mainot art lazera impulsa atkartosanas frekvenci.

Study of Kerr effect spectral dispersion in organic materials by Z-Scan method

Mareks Markans, Arturs Bundulis
Institute of Solid State Physics, University of Latvia

A statistical analysis published in 2019 suggests that over the period from 2011 till 2019 the
number of users of the internet has doubled. This tendency indicates a strong increase in the
amount of transmitted data through the internet. Therefore it is crucial to improve computer
and communication systems which are now limited by computing speed. The electronic
transistor allows us to process data in matter of nanoseconds, yet an optical transistor would
make the speed of processing about a thousand times quicker - information could be processed
in picoseconds. To manufacture such transistors nonlinear optical materials are needed. We
study organic nonlinear optical materials due to the fact that by manipulating the organic
structure of molecules we can make the material possess beneficial qualities, which would
allow us to shift the computing region from infrared to visible spectrum.

In this work nonlinear optical properties of organic materials were studied with the Z-Scan
method, which is used to simultaneously observe two-photon absorption and the Kerr effect.
Samples were prepared by mixing organic compounds with chloroform and then inserted into
cuvettes. A picosecond laser with adjustable wavelength was used as the source of irradiation
to carry out spectral measurements.

! https://www.itu.int/en/I TU-D/Statistics/Documents/facts/FactsFigures2019.pdf
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Organiskas gaismu emitéjosas diodes no originaliem zilo gaismu izstarojoSiem TADF
savienojumiem

Margarita Anna Zommere, Aivars Vembris, Saulius Grigalevicius
Latvijas Universitates Cietvielu fizikas institiits
Poliméru kimijas un tehnologijas departaments, Kaunas Tehnologiska Universitate

OLED ir gaismas emitgjosas diodes, kas savas augstas efektivitates, atra atbildes laika un
vieglas pagatavosSanas d€l musdienas ienem stabilu vietu jaunu displeju razoSana. Jaunakas
paaudzes OLED sevi ieklauyyj TADF (Termiski aktiveétas aizkavetas fluorescences)
savienojumus, kuri spgj 11dz pat 100% ierosinatos stavoklus konvertet gaisma.

Darba tika pétiti TADF difenilsulfonu un benzofenonu atvasinajumi ar karbazola grupam, ar
mérki atrast potencialu zilas gaismas emiteri. TADF efekta pieradiSanai, tika izmantoti degazgeti
un nedegazeti Skidinataji, jo skabeklis mijiedarbojas ar ierosinatajiem tripleta stavokliem un
butiski samazina savienojumu emisijas. No dotajiem savienojumiem tika izveidotas struktiiras
ITO/ PEDOT:PSS (40nm)/ Emiters/ TPBi(25nm)/ LiF(1nm)/ Al(120nm). Talakai izp&tei tika
atstati 3 savienojumi, kuri uzradija visaugstako efektivitati. Siem savienojumiem tika veidotas
viesu-saimnieka sist€mas, ar mérki, uzlabot emisijas sp€jas. Par matricu tika izvéeléti 3,3",6,6"
- Tetrakis(1,1-dimethylethyl)-9'-ethyl-9,3"6',9"-ter-9H-carbazole un 3,6-Bis(3-ethyl-N-
carbazolyl)-N-phenylcarbazole savienojuma ar 1,3-Bis[2-(4-tert-butylphenyl)-1,3,4-oxadiazo-
S-yl]benzene. Sistémam tikai izméritas absorbcijas un emisijas Tpasibas planas kartinas, ka ar1
izveidoti OLED. Labakie savienojumi uzradija spilgtumu virs 120 cd /m?.

Organic light emitting diodes from original blue light emitting TADF compounds
Margarita Anna Zommere, Aivars Vembris, Saulius Grigalevicius

Institute of Solid State Physics, University of Latvia
Department of Polymer Chemistry and Technology, Kaunas University of Technology

OLEDs are high-efficiency, fast response speed, and simple manufacturing light emitting
devices and one of the most important display technologies today. The new generation OLEDs
consist of thermally activated delayed fluorescent (TADF) materials, which has 100% of the
conversion of excited states into the light.

The research work for TADF compounds - diphenylsulfone and benzophenone derivatives with
carbazole groups has been done. The study aimed to find potential blue light emitters. To prove
TADF properties of investigated compounds, the optical properties were examined in both
degassed and non — degassed solvents, because the oxygen interacts with the triplet states and
significantly reduces the emission intensity. From given compounds basic structures of OLEDs
were prepared: ITO/PEDOT:PSS(40nm)/Emitters /TPBi(25nm) /LiF(1nm)/ Al(120nm). For
further study, 3 compounds were left that showed the highest efficacy. For these compounds
host materials, have been investigated and developed to maximize the performance of the
OLED. As host were 3,3",6,6" - Tetrakis(1,l-dimethylethyl)-9'-ethyl-9,3":6',9"-ter-9H-
carbazole and 3,6-Bis(3-ethyl-N-carbazolyl)-N-phenylcarbazole and 1,3-Bis[2-(4-tert-
butylphenyl)-1,3,4-oxadiazo-5-yl|benzene used. For such systems, the absorption and emission
in the thin layers were measured, as well as OLEDs were prepared. The best compounds
showed brightness above 120 cd /m?.
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Fazu stabilitates DFT aprekini ZnxMgi1-xO cietajos Skidumos

Aleksejs Gopejenko, Olegs Lisovskis, Sergejs Piskunovs, Laima Trinklere, Guna Krieke, Rihards
Ruska

Latvijas Universitates Cietvielu fizikas institiits

Tala UV starojuma fotonu sensori, balstiti uz plaSas aizliegtas zonas pusvaditajiem, var tikt
izmantoti ka biologiskie un kimiski sensori ozona noteiksanai, ka detektori tidens attiriSanai un
piesarnosanas limenu noteiks$anai jebkura biologiska vide. ZnO-MgO pseidobinarai sisteémai
ar regul&jamo aizliegto zonu no 3.3 eV Iidz 7.8 eV ir potenciala iesp€ja biitiski pastiprinat
sensoru sp&ju vienlaicigi registrét signalus ar dazadu energiju. Ped&jie eksperimentalie rezultati
norada uz to, ka ZnO un MgO savstarp&jas skidibas ierobezojumus var parvarét, stabilizgjot
vircita ZnixMgxO epitaksialos slanus ar augsto MgO saturu un kubiskos ZnixMgxO
epitaksialos slanus ar augsto ZnO saturu, izmantojot substratus ar zemu rezga nesaskanotibu,
tadus ka

ScAIMgOs, MgO un Cuz0. Taja pasa laika, ir svarigi veikt $adu sistému simuléSanu, lai sniegtu
prognozes par to stabilitati un piemerojamibas robezam, jo ZMO sisteému teorétisko petijumu
nav daudz, un pé&tnieki-eksperimentatori giitu labumu no $adam prognozém. Aizliegtas zonas
un zonu malu poziciju uzvediba ir labak prognoz&jama, bet vienlaicigi ir svarigi ari sniegt
infrasarkanus spektrus un izpétit fazu stabilitati pie dazadiem sastaviem. Saja prezentacija més
pazinojam Sos DFT (blivuma funkcionala teorijas) limeni iegiitos rezultatus, kas attiecas uz
divam augstak minétajam ZMO konfiguracijam un veicam salidzinajumu ar Sobrid pieejamiem
eksperimentaliem rezultatiem.

Phase stability of ZnxMg1-xO solid solutions: Prediction from DFT simulations

Aleksejs Gopejenko, Olegs Lisovski, Sergejs Piskunov, Laima Trinklere, Guna Krieke, Rihards
Ruska
Institute of Solid State Physics, University of Latvia

Deep UV photon sensors based on wide-bandgap semiconductors can be used as biological and
chemical sensors for ozone detection, detectors for water purification, determination of
pollution levels in any biological agent. The ZnO-MgO pseudobinary system, which has a
tunable bandgap from 3.3 eV to 7.8 eV, has potential to significantly enhance the ability of a
sensor to detect signals at different energies simultaneously. Recent experimental results
indicate that the limitation of ZnO and MgO mutual solubilities can be broken by stabilizing
the high MgO-content wurtzite Zn1-xMgxO and high ZnO-content rocksalt Zn1.xMgxO epilayers
by using low lattice-mismatch substrates such as SCAIMgOs, MgO and Cu20. At the same
time, it is important to perform simulations of such systems in order to provide forecasts for
their stability and applicability boundaries, since, to our knowledge, theoretical studies on
ZMO systems are not abundant at the moment of publication, and experimentalists would
benefit from the predictions. While band gap and band edge position behavior is more
predictable, it is also important to provide IR spectra and consider phase stability at different
compositions. In this presentation we report these results for the two ZMO configurations
obtained at the density functional theory (DFT) level and compare with available experiments.

The financial support of M-ERA.NET project ZMOMUVS is greatly acknowledged.
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Co jona magnétiska stavokla un lokalas apkarnes raksturoSana BaCoOzs-5 perovskita

Davis Zavickis, Guntars Zvejnieks, Jevgénijs Kotomins, Deniss Grjaznovs
Cietvielu fizikas institits, Latvijas Universitate, Latvia

Protonus vadosas keramiskas degvielas §iinas (PCFC) piedava alternativu cietvielu degvielas $iinam,
kas balstas uz oksidu vaditsp&ju. Pretgji elektrolitu materialiem, optimalos katodu materialus vél
nepieciesams identificet, meklgjot cieto skidumu sastavu ar pietickami augstu elektronu un protonu
vaditsp&ju, ka arT izprast jonu vaditsp&ju ietekméjosos faktorus. Nesenos eksperimentalos p&tijumos ka
PCFC katoda materials optimizéts (Ba,Sr,La)(Fe,Co,Zn,Y)Os-s perovskits [1].

Saja darba, izmantojot blivuma funkcionala (DFT) skaitliskos aprékinus super$ina, tika analiztas
barija kobalta oksida (BCO) elektroniskas un strukturalas tpasibas gan idealizéta savienojuma, gan
vakancu (Vo) klatbiitné. Tapat idealam BCO tika identificéta pseido-kubiska struktiira. legiitie rezultati
lauj ieviest kobalta jonu lokalas apkartnes stavokla raksturojumu, kas p&c ta lautu spriest par kobalta
magnétiskajiem stavokliem. Papildu sarezgitiba rodas Co®*" magnétiskajam stavoklim lineari mainoties
atkariba no Co-Vo attaluma. Tapat Co** un Co**joni BCO tiecas ienemt vidéja spina stavokli pretstata
Fe joniem tados savienojumos ka (Ba,Sr)FeO;_s un (La,Sr)FeO5;_gs, kur Fe ienem augsta spina
stavokli [2,3]. SuperSiinas aprekini realizéti ar CRYSTAL17 [4] programmu, atomu orbitalu linearas
kombinacijas tuvinajuma, izmantojot BIWC un PBEO hibridos funkcionalus.

Characterization of Co ion oxidation state and local structural distortions in BaCoO3-s

Davis Zavickis, Guntars Zvejnieks, Euguene Kotomin, Deniss Gryaznov
Institute of Solid State Physics, University of Latvia, Latvia

Protonic ceramic fuel cells (PCFCs) represent an important alternative to oxide conducting solid oxide
fuel cells demonstrating higher ionic conductivity. In contrast to an electrolyte material, the optimal
cathode material still has to be found, by identifying solid solution compositions with sufficiently high
electronic and protonic conductivity. Recent experimental investigations in the literature optimized
(Ba, Sr, La)(Fe, Co, Zn, Y)05_s perovskites as the cathode material for PCFC [1].

In this work we used density functional calculations and supercell approach to analyze properties of
barium cobalt oxide (BCO) with and without oxygen vacancies (Vo’s) with the focus on atomic and
electronic structure. We were able to identify the pseudo-cubic lattice structure for ideal BCO without
Vo’s. Results obtained allow us to characterize local structural distortions and oxidation state of cobalt
ion. A complexity comes from the fact that the magnetic moment of Co** varies with the Co-Vo
distance. Furthermore, Co®" and Co*" ions prefer intermediate spin states unlike Fe ions in
(Ba, Sr)FeO5;_s and (La, Sr)FeO5_s perovskites [2,3]. Supercell calculations were performed using
CRYSTALL17 [4] software within the linear combination of atomic orbitals (LCAQ) approximation,
using advanced hybrid BIWC and PBEO density functionals.

The financial support of LZP-2018/1-0147 grant is greatly acknowledged.
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Selektivitates parametra noteik§ana konkuréjosam skabekla evoliicijas un tdenraza
peroksida veidoSanas reakcijam uz graféena modela elektrodiem.

Anna Ivanova!, Andrejs Cesnokovs®, Dmitrijs Bo¢arovs?, Kai S. Exner?
YLatvijas Universitates Cietvielu fizikas institiits
2 Dishurgas-Esenes Universitate

Saja pétfjuma ar blivuma funkcionala teorijas (DFT) aprékiniem tiek pétitas konkurgjosas
skabekla un tidenraza peroksida (H202) veidoSanas reakcijas periodiskajos graféna modelos ar
dazadam aktivo saiSu koncentracijam. DFT aprékinu apvienosana ar ab initio
termodinamiskiem apsvérumiem lauj giit vl nebijusu ieskatu par grafénu saturoSu elektrodu
aktivitates un selektivitates tendencém ka funkcijas no eksperimentali varigjamiem
parametriem. Darba rezultati rada ka gan elektroda virsmas parklajums ar reakcijas
intermeditiem, gan ar1 pieliktais elektroda potencials biitiski ietekmé Faradgja efektivitati H.02
elektrokatalitiskaja razoSana. Tas lauj iegiit H20. veidoSanas efektivitates krit€rijus
katalizatoriem, kas var noder€t turpmakajiem pé&tfjumiem, lai realiz€tu selektivu H20>
veidoSanos uz oglekla elektrodu materialiem.

Understanding Selectivity for the Competing Oxygen Evolution and Hydrogen Peroxide
Formation Reactions on Graphene Model Electrodes

Anna Ivanova', Andrew Chesnokov!, Dmitry Bocharov?, Kai S. Exner?
YInstitute of Solid State Physics, University of Latvia
2University of Duisburg-Essen

In present study the competing oxygen evolution and hydrogen peroxide (H202) formation
reactions for periodic models of graphene with different active-site concentrations are studied
by means of density functional theory (DFT) calculations. Linking the DFT calculations to
ab initio thermodynamic considerations enables gaining unprecedented insight into the activity
and selectivity trends of graphene-based electrodes as a function of applied bias. We illustrate
that both the coverage of intermediates on the electrode surface as well as the applied electrode
potential have a significant effect on the Faradaic efficiency for the electrocatalytic production
of H202. This allows deriving design criteria for HO. formation, which may serve as a
guideline for further studies to realize selective formation of H2O, by carbon-based materials.
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ZnO ar Ir piemaisijumu lokala struktiira: eksperimentalo rezultatu un DFT aprékinu
salidzinajums

Andrejs Cesnokovs!, Deniss Grjaznovs?, Juris Purans?, Aleksejs Kuzmins!, Jevgénijs Kotomins'?,
Natalija V. Skorodumova®*
YCietvielu fizikas institiits, Latvijas Universitate, Riga, Latvija
*Max Planck Institute for Solid State Research, Stuttgart, Germany
*Department of Physics and Astronomy, Uppsala University, Uppsala, Sweden
*Department of Materials Science and Engineering, KTH Royal Institute of Technology, Stockholm,
Sweden

Saja pétijuma, liekot uzsvaru uz lokalo atomaro struktdiru apkart Ir joniem ZnO planajas
kartinas ar dazadu Ir koncentraciju, més apkopojam hibridus blivuma funkcionala teorijas
(DFT) aprékinus ar rentgenstaru absorbcijas spektroskopijas (XAS) eksperimentiem, lai
sniegtu aprakstu Ir-O kompleksiem, ieslégtiem ZnO matrica. Struktiiras p&tijumus papildina
materiala termoelektrisko 1paSibu (elektroniska vaditsp€ja, Zebeka koeficients) aprékini un
izvertejums ta spejai uzradit p-tipa vadamibu.

Mes paradam ka visiem apskatitajiem Ir-O kompleksiem, augstas Ir koncentracijas apstaklos,
ir potencials bt p-tipa vaditajiem.

Local atomic structure of Ir-doped ZnO: a comparison between experimental results
and hybrid DFT calculations

Andrew Chesnokov?, Denis Gryaznov?, Juris Purans!, Alexei Kuzmin!, Eugene Kotomin'?2, Natalia V.
Skorodumova®*
YInstitute of Solid State Physics, University of Latvia, Riga, Latvia
*Max Planck Institute for Solid State Research, Stuttgart, Germany
*Department of Physics and Astronomy, Uppsala University, Uppsala, Sweden
*Department of Materials Science and Engineering, KTH Royal Institute of Technology, Stockholm,
Sweden

In this study, focusing on the local atomic structure around Ir ions in ZnO thin films with
different iridium content, we combine hybrid density functional theory (DFT) calculations and
X-ray absorption spectroscopy (XAS) experiments to describe structural properties of Ir-O
complexes embedded in ZnO matrix. As a follow-up to the structural investigations, we
calculate thermoelectric of this material, such as the electronic conductivity and Seebeck
coefficient, discussing its potential to become a p-type conductor.

We demonstrate that all explored complexes, at high enough Ir concentration, have a potential
for p-type conductivity.

The financial support of ESF project 1.1.1.1/18/A/073 is greatly acknowledged.
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Ar retzemju metalu joniem dopéto SrMoO4 monokristalu luminiscences spektrali
kinétiskas ipasibas
Viktorija Pankratoval, Elizaveta E. Dunaeva?, Anna P. Kozlova®, Roman Shendrik?, Anatolijs
Sarakovskis® un Vladimirs Pankratovs®
YLatvijas Universitates Cietvielu fizikas institiits, Riga, Latvija
Prokhorov General Physics Institute of the Russian Academy of Sciences, Maskava, Krievija
®National University of Science and Technology «MISiS», Maskava, Krievija
“Vinogradov Institute of Geochemistry, SB RAS, Irkutska, Krievija

Molibdati ar formulu MMoOs (kur M = Ca, Sr, Pb, Cd) ir piesaistijusi ievérojamu interesi
nemot vera to dazadas 1pasibas, galvenokart saistiba ar katalizi un pigmentiem, ka arT saistiba
ar fluorescéjoSajiem un scintiléjo$ajiem materialiem. Ipa§i CaMoQOa ir pazistams ar ta
fluorescenci spektralaja apgabala no zilas lidz zalajai gaismai atkariba no dop&Sanas un
kristalizacijas pakapes. Saja darba més zinojam par ar retzemju metalu joniem (RE) dopétiem
SrMoO4 monokristaliem, jo to optiskas un luminiscences 1pasibas lidz Sim tika slikti pétitas,
salidzinot ar citiem molibdatiem.

Optiski homogeni ar dazadam RE koncentracijam dopéti SrMoOs monokristali tika
iegiiti, izmantojot Cohralska metodi ar audzéanas un svara kontroles datorprogrammu.
Nedopeétu un ar RE (Eu, Pr) dop&tu monokristalu luminiscences spektrali kingtiskas 1pasibas,
ka arT to temperatiras atkariba, tika pétitas, ierosinot ar parskanojamo lazeru. Tiks prezentéta
noverojamo matricas un RE luminiscences spektrali kingtisko pasibu detaliz&ta analize. Tiks
skaidrots un apspriests energijas parneses procesu mehanisms no matricas uz RE elementiem
un RE ladina kompensacija.

Time-resolved luminescence of rare-earth doped SrMoOQOa single crystals

Viktorija Pankratova!, Elizaveta E. Dunaeva?, Anna P. Kozlova®, Roman Shendrik*, Anatolijs
Sarakovskis® and Vladimir Pankratov!

YInstitute of Solid State Physics, University of Latvia, Riga, Latvia
Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow, Russia
*National University of Science and Technology «MISiS», Moscow, Russia
*Vinogradov Institute of Geochemistry, SB RAS, Irkutsk, Russia

Molybdates MMoOs (where M = Ca, Sr, Pb, Cd) have attracted considerable interest in view
of various features, mainly related not only to catalysis and color pigments but also including
fluorescent and scintillating materials. In particular, CaMoOQ4 is known for its fluorescence
ranging from blue to green emission, depending on specific doping and crystallinity. In this
work, we report results for rare-earth (RE) doped SrMoOs single crystals because their optical
and luminescence properties are poorly studied so far comparing with other molybdates.

The Czochralski method with a special growth and weight control PC program was
used to obtain optically homogeneous SrMoOs single crystals doped with different
concentrations of RE elements. Time-resolved luminescence characteristics as well as their
temperature dependencies of undoped and RE (Eu, Pr) doped single crystals have been
measured and under tunable laser excitations. The detailed analysis of the observed time-
resolved luminescence properties of intrinsic and RE emissions will be presented. The
mechanism of energy transfer processes from host lattice to RE elements and RE charge
compensation will be elucidated and discussed.

Viktorija Pankratova acknowledges the financial support of ISSP UL Scientific Research
Project for Students and Young Researchers (SJZ/2020/05).
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Ar Yb%* un Tm3®" aktivétu nanodalinu augSup-parveidotas luminiscences pielietoSana
fotolitografija, optiska ieraksta veidosanai negativa tona SUS fotorezista struktura.

Ernests Tropins, Julija Pervenecka, Kaspars Vitols, Viesturs-Tenis Viksna, Janis Teterovskis, Jurgis
Grube, Aivars Vembris, Jelena Butikova, Guna Krieke un Maris Springis
Latvijas Universitates Cietvielu fizikas institiits

Augsup-parveidota luminiscence ir process, kas notiek ar retzemju joniem aktivétos materialos, optiski
tos ierosinot, ka rezultata izstarotais starojums ir anti-Stoksa nobidits attieciba pret ierosmes starojumu.
Masdienas perspektivs augSup-parveidotas luminiscences pielietoSanas virziens ir fotolitografija.
Tradicionali ekspozicija ar UV starojumu notiek caur virsmu, kur limit§josais faktors ir fotojutiga slana
biezums. Biezos paraugos (>10 um) lielaka starojuma dala tiek absorbéta struktiiras virsgjos slanos, ka
rezultata fotorezista dzilakie slani netiek eksponéti. Tacu sajaucot fotorezistu ar retzemju elementiem
aktivétam nanodalinam, kuras notiek augSup-parveidota luminiscence, ekspozicija notiktu no iekSienes
visa viesa-saimnieka (nanodalinu/fotorezista) sistémas tilpuma. Lidzigi augSup-parveidota
luminiscence biitu izmantojama fotorezista un organisku hromoforu molekulu sistému ekspongsanai, jo
hromoforu augsta absorbcija fotolitografija izmantotaja UV starojumam nozimé&, ka tradicionali
ekspongjot fotojutigas hromoforu molekulas tiek iznicinatas. Turpretim sajaucot sistému, piemeram, ar
Yb3 un Tm?* retzemju jonu aktivétam nanodalinam, tas ekspozicijai varétu izmantot starojumu, kuru
hromoforu molekulas absorbétu daudz mazak, ka rezultata tas netiktu sagrautas.

Darba ietvaros ar Yb3" un Tm®" aktivétas nanodalinas iejauktas fotorezista SUS8. Pétitas $is sistémas
pielietosanas iespgjas optiska ieraksta veidoSanai fotorezista tilpuma nanodalinas, ar 975 nm lazerdiodi,
ierosinot augSup-parveidoto luminiscenci. Izvert§jot sistému turpmakas pielietoSanas iespgjas,
organiskas hromoforas saturosu sistému veidosanai un pielietoSanai medicina, telekomunikacijas u.c.
tehnologijas pieprasito, gaismu emitgjoso mikro-struktiiru veidosanai.

With Yb® and Tm?® activated nanoparticle up-conversion luminescence application in
photolithography, for optical writing in the structure of negative SU8 photoresist.

Ernests Tropins, Julija Pervenecka, Kaspars Vitols, Viesturs-Tenis Viksna, Janis Teterovskis, Jurgis
Griibe, Aivars Vembris, Jelena Butikova, Guna Krieke un Maris Springis
Institute of Solid State Physics, University of Latvia

Up-conversion luminescence is a process that occurs in materials activated with rare-earth ions, when
they are optically exited, which results in emission of radiation with an anti-Stokes offset in relation to
excitation radiation. Nowadays perspective application for up-conversion luminescence is in
photolithography. Traditional exposure with UV radiation happens through the surface, and it is limited
by the thickness of photo sensitive layer. In thick samples (>10 um) most of the radiation is absorbed
in the upper layers, which results in unexposed deeper layers. This issue could be solved by mixing
photoresist with nanoparticles activated with rare-earth ions, in which up-conversion luminescence
occurs, so exposure would happen in material volume and all of the photoresist would get exposed.
Similarly, up-conversion luminescence could be used to expose a photoresist mixed with organic
chromophores. This mixture cannot be exposed traditionally because chromophores absorb most of the
UV radiation. However, if up-converting nanoparticles are added, radiation which is absorbed less could
be used, resulting in better exposure.

In this work system of SU8 photoresist mixed with up-converting nanoparticles were created. We will
show that it is possible to create optical writing in systems volume, by exciting nanoparticles with a 975
nm laser diode. The possible application in creation of systems containing organic chromophores for
use in medicine, telecommunications and other technologies demanded light emitting micro-structure
creation will be discussed.

This research is funded by the Latvian Council of Science, project “Up-conversion luminescence

photolithography in organic compounds using nanoparticles/photoresist composition”, project No. Izp-2019/1-
0422.
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Ar tuliju un iterbija aktivetu NaYFs nanodalinu sintéze intensivas augSup-parveidotas
luminiscences iegiiSanai

Viesturs Tenis Viksna, Janis Teterovskis un Jurgis Griibe
Latvijas Universitates Cietvielu fizikas institiits

Saja darba ir tiks apskatits luminisc&josu nanodalinu sintézes process, kuras tiek aktivétas ar
Tmun Yb joniem. Retzemju joni nodrosina to, ka sintez&tajas nanodalinas var noverot augsup-
parveidoto luminiscenci zilaja un ultravioletaja spektralaja apgabala, ierosinot ar infrasarkano
starojumu (976 nm). Sajaucot $adas sintez€tas nanodalinas ar fotorezistu, ir iesp&jams eksponéet
fotorezistu materiala tilpuma, kas lauj izmantot $adu materialu fotolitografija.

Nanodalinu sintézei tiek izmantota termolizes metode. Darba veik$anai tika izveidota
nanodalinas sintezes iekarta: trisskakla kolba, kura ir ievietota magnétiskaja silditaja. Lai
sint€zes process noritétu sekmigi, lielaka dala sintézes ir janotiek argona atmosferas (tiek veikti
tris vakuuma un argona aeracijas cikli). Nanodalinas augsanas process notiek pie 300 °C, kad
mainot kars€Sanas ilgumu ir iesp&jams izaudzet nanodalinas ar dazadiem izmé&riem. Darba tiek
sintez&tas nanodalinas, kuras var raksturot ar Core and Core+Shell struktiiru, lai ieglitu vélamas
spektralas 1paSibas. Nanodalinu izméri tiek noteikti ar elektronu mikroskopijas palidzibu.
Sintez€tajiem paraugiem tika uznemti augSup-parveidota luminiscences spektri zilaja un
ultravioletaja spektra apgabala, ierosinot ar infrasarkano starojumu (976 nm), lai salidzinatu
luminiscences joslu attiecibas.

Synthesis of thulium and ytterbium activated NaYF4 nanoparticles for intense up-
conversion luminescence

Viesturs Tenis Viksna, Janis Teterovskis un Jurgis Griibe
Institute of Solid State Physics, University of Latvia

In this work the process of synthesis of luminescent nanoparticles, which are activated by Tm
and Yb ions, will be considered. Rare earth ions ensure that up-conversion luminescence can
be observed in the synthesized nanoparticles in the blue and ultraviolet spectral regions when
excited by infrared radiation (976 nm). By mixing such synthesized nanoparticles with
photoresist, it is possible to expose the photoresist in a volume of material, which allows such
a material to be used in photolithography.

The thermolysis method is used for the synthesis of nanoparticles. To perform the work, the
nanoparticle synthesis setup was created: a three-necked flask, which is placed in a magnetic
heater. For the synthesis process to be successful, most of the synthesis must take place under
an argon atmosphere (three vacuum and argon aeration cycles are performed). The
nanoparticles growth process takes place at 300 °C whereby changing the heating time it is
possible to grow nanoparticles with different sizes. Synthesized nanoparticles can be
characterized by the Core and Core+Shell structure to obtain the desired spectral properties.
Nanoparticle sizes are determined by the electron microscopy. Up-conversion luminescence
spectra in the blue and ultraviolet spectral regions were measured for the synthesized samples,
excited by infrared radiation (976 nm) to compare luminescence bands ratios.

This research is funded by the Latvian Council of Science, project “Up-conversion

luminescence photolithography in organic compounds using nanoparticles/photoresist
composition”, project No. lzp-2019/1-0422
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AIN:Mn un AIN:Eu luminiscences mehanismi

Rihards Ruska, Baiba Bérzina, Laima Trinklere, Janis Cipa
Latvijas Universitates Cietvielu fizikas institiits

Jaunu sarkano gaismu starojoso materialu mekl&jumos, tika pétita ar Mn un Eu aktivétu AIN
materialu luminiscence. P&tiSanas metodes ietvéra fotoluminiscences (PL) un tas ierosmes
spektru mérjjumus dazadas temperatiiras. Bez tam tika pétita arT rentgenluminiscence un tas
dziSana.

AIN:Mn nano pulveru PL spektros domingja labi zinama Mn?* jonu luminiscences josla ar
maksimumu pie 600 nm. To vargja ierosinat ar gaismu no diviem spektralajiem rajoniem, kuru
maksimumi atradas pie 260 nm un 520 nm. Bez tam tika nové&rota arT nezinamu defektu
luminiscence pie 650 nm. AIN:Mn tika noveérota Mn jonu ilgstoSa luminiscence.

AIN:Eu keramikas ar vairakam Eu koncentracijam tika pétita Eu jonu luminiscence. To PL
spektros tika novérota josla gan pie 530 nm, gan 600 nm, kuras atbilstosi attiecina uz Eu* un
Eu®" jonu spidésanu. Tas varéja ierosinat ka ar redzamo, ta ari ar UV gaismu. P&tijuma galvena
veriba tika pieversta 530 nm joslai, jo ta neparklajas ar citu defektu luminiscenci.
Eksperimentalo rezultatu analize lauj piedavat vairakus mehanismus, kas ir atbildigi par
noveéroto Mn un Eu jonu luminiscenci. Tie ir iekScentra un rekombinacijas mehanismi, kas ir
tiesi atkarigi no ierosino$as gaismas spektrala rajona un kas lauj izskaidrot paraugos noveérotos
procesus.

Luminescence mechanisms of AIN:Mn and AIN:Eu

Rihards Ruska, Baiba Berzina, Laima Trinkler, Janis Cipa
Institute of Solid State Physics, University of Latvia

In search of new red light emitting materials, the luminescence of Mn- and Eu-activated AIN
materials was studied. Research methods included measurements of photoluminescence (PL)
and its excitation spectra at different temperatures. Besides, X-ray luminescence spectra and
luminescence lifetimes were also studied.

The PL spectra of AIN:Mn nano powders were dominated by the well-known Mn?* ion
luminescence band with a maximum at 600 nm. It could be excited by light from two spectral
regions with peaks at 260 nm and 520 nm. Luminescence of unknown defects at 650 nm was
also detected. Phosphorescence of Mn ions in AIN:Mn was observed.

The luminescence of Eu ions was studied in AIN:Eu ceramics with several different Eu
concentrations. PL bands at 530 nm and 600 nm were observed. They are commonly attributed
to the luminescence of Eu?* and Eu®* ions, respectively. These bands could be excited by both
visible and UV light. The research focused on the 530 nm band because it did not overlap with
the luminescence of other defects.

The analysis of the experimental results allows proposal of several mechanisms that are
responsible for the observed luminescence of Mn and Eu ions. They include intra-center and
recombination mechanisms that are directly dependent on the spectral region of the excitation
light and that allow to explain the processes observed in samples.

The financial support of Latvian Sciences Council Grant No. Izp-2019/1-0443 and CAMART?
is greatly acknowledged.
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ZnO plano kartinu temperatuaras atkariga fotoluminiscence

Ramiinas Nedzinskas?, Laima Trinklere?, Liuwen Chang®, Mitch Chou®
'Fizikas un tehnologijas zinatpu centrs, Vilna, Lietuva
2Latvijas Universitates Cietvielu fizikas institiits, Riga, Latvija
3Valsts Sun Jat Sena Universitates Kristalu pétniecibas centrs, Kaosunga, Taivana

Zinka oksids (ZnO) ir pusvaditaju materials, kas, pateicoties platai aizliegtai zonai (3.37 eV)
un liclai eksitona saites energijai (60 meV) pie istabas temperatiiras, ir piemé&rots izmanto$anai
optoelektroniskam iericem UV spektrala rajona. Lielakais izaicinajums ZnO pielietojumam
elektroniskas ierices ir saistits ar kvalitativu un stabilu p-tipa ZnO izveidoSanu. Saskana ar
pedgjiem zinatniskiem atklajumiem, IB grupas elementi, ieskaitot varu (Cu), tiek uzskatiti par
visdaudzsolosakiem piemaisijumiem, kas varétu nodrosinat p-tipa vadamibu ZnO.

Saja darba tiek pétitas virtcita tipa ZnO plano kartinu optiskas ipasibas, izmantojot
fotoluminiscences (PL) mérijjumus plasa temperatiiras diapazona (3-300 K). Novérotas PL
joslas tiek izskaidrotas ar l1adinu nesg€ju dinamikas dazadiem procesiem ZnO planajas kartinas.
Piem&ram, $aura josla augstako energiju rajona rodas pateicoties starpzonu optiskajam parejam
ZnO epitaksialaja kartina, bet PL joslas zemako energiju rajona ir saistitas ar defektu
stavokliem materiala aizliegtaja zona. Bez tam, izmantojot aktivacijas energijas aprékinus tiek
apspriesti iesp&jamie ladina nes€ju parvietoSanas mehanismi.

Temperature-dependent photoluminescence of ZnO (0002) thin films grown on Cu
(111) substrate by electrodeposition

Ramiinas Nedzinskas', Laima Trinkler?, Liuwen Chang?, Mitch Chou?®
!Center for Physical Sciences and Technology, Vilnius, Lithuania
?Institute of Solid-State Physics, University of Latvia, Riga, Latvia

3Center of Crystal Research, National Sun Yat-sen University, Kaohsiung, Taiwan

Zinc oxide (ZnO) is an attractive semiconductor material for near-ultraviolet (UV)
optoelectronic devices, owing to the wide bandgap (3.37 eV) and high exciton binding energy
(60 meV) at room temperature. However, the major challenge for ZnO-based device
applications lies in achieving the high-quality and stable ZnO of p-type. According to the recent
scientific findings, group IB elements including copper (Cu) are suggested as the most
promising to realize the p-type conductivity of ZnO.

In this work, optical properties of wurtzite-ZnO thin films, electrodeposited on Cu (111)
substrate, are investigated using temperature-dependent (3-300 K) photoluminescence (PL)
spectroscopy.

The PL features observed are attributed to different processes of carrier dynamics in the ZnO
thin film structures studied. In particular, the sharp high-energy feature is due to near-band-
edge optical emission from ZnO epitaxial layer, while low-energy PL bands are related to the
presence of defect states within a bandgap of ZnO. Additionally, possible transfer mechanisms
of charge carrier are discussed in regard to activation energies calculated.

The financial support of m-era.net project “ZnMgO materials with tunable band gap for solar-
blind UV sensors” (ZMOMUYVS) is greatly acknowledged.
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Anti-bakterialo, anti-viralo un pretraugu WO03-x/Cu/WO3-x parklajumu izstrade,
izmantojot magnetrona izputinasanas tehnologiju.

Martin§ Zubkins!, Viktors Vibornijs', Vera Skvorcova?, Olga Muter?, Anna Zajakina3, Ksenija Korotkaja®,
Linda Mezule?*, Halil Arslan!, Edvards Strods?, Vitalijs Olsevskis!, Liga Bikse', Juris Purans?
! Institute of Solid State Physics, University of Latvia,
2 Institute of Microbiology & Biotechnology, University of Latvia,
3 Latvian Biomedical Research and Study Centre (LBMC)
4 Riga Technical University

WO3-x/Cu/WO3-x un WO3-x:Cu planas kartinas tika uzklatas, izmantojot lidzstravas (DC) un augstas
jaudas impulsu (HiPIMS) magnetronas izputinasanas tehnologijas. Kartinas tika uzklatas uz PET pléves un
natrija-kalcija stikla pamatném ar vidgjo redzamas gaismas caurlaidibu, attiecigi 76% un 47%. Izmantojot
dazada tipa un dazadu sugu mikroorganismus, paraugiem tika testetas anti-bakterialas, anti-viralas un pret-
raugu ipasibas. TestéSanas rezultata WO3-x/Cu/WO3-x kartinai tika novérota izteikta anti-mikrobiala
efektivitate (KVV logaritmiskas pakapes samazinasanas lidz 4.86 pakapei L.plantarum bakterijas gadijuma).
Pret-virusu iedarbiba tika testéta uz rekombinanta nereplicgjosa Semliki meza virusa, kur§ pieder pie
alfavirusu gints. Tika novérota butiska virusa infekciozo vienibu skaita samazinasanas (Iidz 5.9 RLU) péc
virusa dalinu inkubacijas uz testé§jamajam virsmam. Tika noskaidrots, ka WO3-x/Cu/WO3-x uz dazadam
mikroorganismu sugam iedarbojas ar atskirigu efektivitati, ka arT var secinat, ka anti-mikrobialas iedarbibas
efektivitate ir atkariga no daZadiem izputinaSanas parametriem. Dazos gadijumos WO3-x/Cu/WQO3-x
paraugi uz PET pamatn€m uzradija pat augstaku anti-mikrobialo efektivitati neka tira vara kartinas. Tas
norada uz vara un volframa oksida pastiprinatu kombinéto anti-mikrobialo efektu. WO3-x:Cu, savukart,
uzradija ievérojami zemaku anti-mikrobialo efektivitati. Vara un volframa oksidu veidotie anti-mikrobialie
un caurspidigie parklajumi ir potenciali izmantojami medicinas nozarg.

Development of antiviral, antibacterial and yeasticidal WO3-x/Cu/WO3-x coatings
deposited by magnetron sputtering.

Martin§ Zubkins!, Viktors Vibornijst, Vera Skvortsoval, Olga Muter?, Anna Zajakina®, Ksenija Korotkaja®,
Linda Mezule*, Halil Arslan?, Edvards Strods?, Vitalijs Olsevskis!, Liga Bikse!, Juris Purans®
L Institute of Solid State Physics, University of Latvia,
2 Institute of Microbiology & Biotechnology, University of Latvia,
8 Latvian Biomedical Research and Study Centre (LBMC)
4 Riga Technical University

Thin film coatings of WO3-x/Cu/WO3-x and WO3-x:Cu (5, 10, and 20 at.% Cu) were deposited using direct
current magnetron sputtering (DCMS) and high power impulse magnetron sputtering (HiPIMS) techniques.
The coatings were deposited on soda-lime glass and PET substrates with partial to high (from 47% to 76%)
average visible light transmittance. Samples antibacterial, yeasticidal and anti-viral properties were tested.
The antibacterial activity tests were performed on various microorganism types and species. Testing results
demonstrated the biocidal efficiency of the WO3-x/Cu/WO3-x coatings against bacterial growth (up to 4.86
log reduction for L. plantarum). The antiviral properties of the coatings were analyzed using recombinant
replication deficient alphavirus as a model virus, which were preincubated incubated on the coated surfaces.
The significant decrease of the virus infectious units caused by virus preincubation on the deposited coatings
was demonstrated (in one case higher than 5.9 RLU). The optimal synthesis parameters for the antimicrobial
activity of WO3-x/Cu/WO3-x strongly depend on the microorganisms, the deposition technique, and the
coater device. In some cases, the WO3-x/Cu/WO3-x coatings, especially on PET substrates, even showed
higher antimicrobial activity than the pure Cu films, most likely due to the combined effect of Cu and WO3
on microorganisms causing the mutual reinforcement. However, the WO3-x:Cu films showed significantly
lower antimicrobial activity. The Cu and WO3 based multilayer coatings have potential to provide
antibacterial, yeasticidal and anti-viral protection on surfaces for broad biomedical applications. In addition,
the external layer of WO3 is more suitable than the Cu film due to its relative physicochemical stability and
optical properties.

The research was funded by the Ministry of Education and Science, Republic of Latvia, Project “Integration of
reliable technologies for protection against Covid-19 in healthcare and high-risk areas”, Project No. VPP-
COVID-2020/1-0004.
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Itrija oksidu plano kartinu iegiiSana un ipasibas

Halil Arslan, Martin§ Zubkins, Anatolijs Sarakovskis, Juris Purans
Latvijas Universitates Cietvielu fizikas institiits

Retzemju (RE) oksihidridi ir jauna materialu klase, kam piemit fotohromais efekts, savukart
RE monoksidiem piemit unikalas elektroniskas un magnétiskas ipasibas.

S1 pétijuma ietvaros més esam izstradajusi metala mérka reaktivo magnetronu izsmidzinaganu
Y-O-H, ka ar1 itrija monoksida YOx planas kartinas. Mainot izsmidzinasanas atmosferu O2 /
Ar, ieguvam plasSu YOx plano kartinu klastu. Loti zema O2 koncentracija (zem 0,1%) tika
iegltas metala itrija kartinas ar heksagonalu struktiiru. Palielinoties O2 koncentracijai (0,2%),
sakas itrija monoksida (YO) veidoSanas. Savukart, pie 0,5% veidojas Y203 planas kartinas.
Raksturosanai tika izmantoti XRD, optiskie un elektriskie mérjjumi.

Deposition and properties of yttrium oxides thin films

Halil Arslan, Marting Zubkins, Anatolijs Sarakovskis, Juris Purans
Institute of Solid State Physics, University of Latvia

Rare-earth (RE) oxy-hydrides is a new class of materials that exhibits photochromic effect
while RE monoxides possess unique electronic and magnetic functionalities.

In the scope of the present research, we have developed a reactive magnetron sputtering of
metal target for the deposition of Y-O-H as well as novel semiconducting yttrium monoxide
Y Oy thin films. A wide range of Y Ox thin films was obtained by mixing sputtering atmosphere
Oo/Ar. At very low Oz concentration (below 0.1% ) metallic yttrium films with a hexagonal
structure were deposited. With increasing O concentration (0.2%) the formation of yttrium
monoxide (YO) starts. Finally at 0.5% the formation of Y203 thin films occurs. XRD, optical
and electrical measurements were used for characterisation.
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Magnetrona uzputinasana iegiito daudzslanu volframa oksida plano kartinas
tribologiskas 1pasibas

Vera Skvorcova!, Martin§ Zubkins?, Viktors Vibornijst, Jelena Arhipova?, Juris Purans®, Armands
Leitans?, Janis Lungevi¢s?
YLatvijas Universitdtes Cietvielu fizikas institiits
’Rigas Tehniskas universitites Mehanikas un masinbiives institiits

Jaunie WO3/Cu/WOs3 caurspidigie daudzslanu materiali, kas iegiti, izmantojot plazmas
vakuuma tehnologijas, darbojas ka antipatogéns parklajums, viena produkta apvienojot
vairakas pretmikrobu un antibakterialas Tpasibas. Jaunakas novatoriskas testa metodes liecina,
ka virsma, kas parklata ar pretmikrobu materialu, novér§ galveno patogéno baktériju augsanu,
kas izraisa cilveku slimibas. Sadiem principiali jaunas kvalitates parklajumiem vajadzétu bit
antibakterialai iedarbibai, vienlaikus saglabajot labu biologisko savietojamibu un paaugstinatu
bioaktivitati, ka arT janodro$ina labu mehanisko un tribologisko ipasibu kopums: augsta cietiba,
zems elastibas modulis, augsta elastiba, zems berzes un nodiluma koeficients dazadas
fiziologiskas vides.

Saja darba WO3.x/Cu/WOs.x, WOz.x: Cu, WO3.xun Cu planas kartinas parklajumi tika uzklati,
izmantojot lidzstravas magnetrona izputinasanas metodologiju (DCMS). Parklajumi tika
uzklati uz sodas-kalka stiklu.

Parklajumu tribologisko Tpasibu mérijumi tika veikti ar CSM Instruments (pin-on-disc) tipa
tribometru (atbilstosi ASTM G99 standartam). Ir paradits, ka daudzslanu volframa oksida
planajam kartinam ir zems berzes koeficients.

Tribological properties of multilayer tungsten oxide thin films deposited by magnetron
sputtering

Vera Skvortsoval, Martins Zubkins?, Viktors Vibornijs?, Jelena Arhipova?, Juris Purans?, Armands
Leitans?, Janis Lungevics?
YInstitute of Solid State Physics, University of Latvia
%Institute of Mechanics and Mechanical Engineering, Riga Technical University

The new WO3/Cu/WOs transparent multilayer materials obtained using plasma vacuum
technologies act as an anti-pathogenic coating, combining several antimicrobial and
antibacterial properties in one product. The latest innovative test methods show that the surface
covered with antimicrobial material prevents the growth of the main pathogenic bacteria that
cause human disease. Such coatings of a fundamentally new quality should have antibacterial
activity, while maintaining good biocompatibility and increased bioactivity, and also provide
a set of good mechanical and tribological characteristics: high hardness, low elastic modulus,
high elastic recovery, low coefficient of friction and wear rate in various physiological
environments.

In this work thin film coatings of WO3.x/Cu/WOQO3.x and WO3.x:Cu , WOsx and Cu were
deposited using direct current magnetron sputtering (DCMS) techniques. The coatings were
applied to soda-lime glass.

Tribological properties of the coatings were measured with a CSM Instruments (pin-on-disc)
type tribometer (according to ASTM G99 standard). It is shown that the multilayer tungsten

oxide thin films have a low coefficient of friction.
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Volframa diselenida planu kartinu augSupé€ja sintéze un elektrisku kontaktu
izgatavoSana

Kevon Kadiwala, Edgars Butanovs, Martin$ Zubkins, Boris Polyakov
Latvijas Universitates Cietvielu fizikas institiits

Vairakos pétijumos daudziem parejas metalu halkogenidiem (TMD) ir demonstrétas
pusvaditaju materialu 1pasibas. TMD elektriskas un optiskas ipasibas var tik uzlabotas v&l
vairak, tos samazinot Iidz daZiem atomariem slaniem. STiemesla d&l, zinatnieki visa pasaulg ir
motivéti veidot vél efektivakas ierices, salidzinot ar tradicionalajam silicija tehnologijam.

S1 darba fokusa ir potencials p-tipa TMD — WSe,. Més pétijam divpakapju WSez
sint€zi, selenizgjot iepriek§ uzklatas WOs3 un metaliska W kartinas. Uzklajot W metalu uz
oksidgtas silicija pamatnes, var iegiit homogenas kartinas, savukart no WOz sakuma stadija
veidojas kristaliskas salas. Galvenie procesa parametri ir izejmaterialu kartinu biezums un
selenizacijas temperatiira, kuri tika padzilinati petiti liela skaita eksperimentu un Seit komenteti.
Talak, lai izgatavotu elektroniskas ierices no sintez€tajam kartinam, tika lietotas specifiski
izstradatas fotolitografijas maskas mé&rogojamai WSe, perforéSanai un metala elektrodu
uzklasanai. Tika test€tas So ieri€u fotoelektriskas ipasibas. WSe, kartinas tika pétitas,
izmantojot optisko mikroskopu, AFM, SEM, XPS un XRD metodes.

Bottom-up synthesis of tungsten diselenide thin films and electric contact fabrication

Kevon Kadiwala, Edgars Butanovs, Martins Zubkins, Boris Polyakov
Institute of Solid State Physics, University of Latvia

Many transition metal dichalcogenides (TMDs) have shown to exhibit properties of a
semiconducting material in several studies. When reduced to few atomic layers, electrical and
optical properties of TMDs might be enhanced further. Due to this reason, the possibility of
making more efficient devices than the traditional silicon-based gadgets, has raced the
researchers around the world to investigate these materials.

The focus of this work is on a possible p-type TMD - WSez. We have been investigating
two-step synthesis of WSe> via selenization of pre-deposited WOz and metallic W films.
Deposition of metal W on an oxidized Si substrate leads to homogenous films, whereas WO3
forms crystalline islands at the initial stage. The thickness of deposited films and the
selenization temperature are the main parameters, which have been investigated through
numerous experiments and discussed here. Further on, to make electronic devices out of as-
prepared films, specifically designed and fabricated photolithography masks are used for
scalable WSe> patterning and metal electrode deposition. These devices are then tested for their
photoelectric properties. WSe> films were studied using optical microscope, AFM, SEM, XPS
and XRD techniques.

Financial support provided by Scientific Research Project for Students and Young

Researchers Nr. SJZ/2020/04 realized at the Institute of Solid State Physics, University of
Latvia is greatly acknowledged.
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Tehniskie risinajumi ka radit miniatiiru bora jonu implantacijas aparatu

Janis Blahins
Latvijas Universitates Atomfizikas un Spektroskopijas institits

ERAF S369-ESS381-ZR-N-109 Projekta ietvaros esam uznémusies izstradat jaunu, 1&tu, mazgabarita,
augstas tiribas jonu implant€Sanas aparata koncepta prototipu. Ar So referatu gribam demonstrét
svarigakos mezgla punktus $adas idejas realiz€Sanas iesp&jamibai. Pirmkart, bors ir grati kustoss
dielektrisks metals, kas $o abu miné&to iemeslu dél ir problematisks aizdedzinaSanai plazmas
forma. Tapéc lidz Sim bora jonu avoti lieto bora-fluora gazveida formas, kas izcelas ar
gabarTtiem un indigumu. Miisu mérkis ir lietot cietvielu boru, kur iesp&jas ir vairakas, sakot no
Doba Katoda izlades, ko, ka atrodams ped€jo gadu petijumu referencés pasaul€, iesp&jams
aktivet ar ICP izladi ienakosas nesgjgazes trakta, ka ari, var izmantot efektu, ka pasildot boru
virs 600 C tam lecienveida zud elektriska pretestiba par 6 kartam. Tadgjadi jonu avotu
iesp&jams padarTt tiru un miniatiiru. Talak iesp&jams jonu masselekcijas trakta aizvietot sektora
magnétu ar RF-QMS masas filtru, kas dod uzlabojumu gan izméros, gan cena, gan tiriba,
turklat QMS diezgan sarezgitajai elektronikas apsaistei jau vairakus gadus eksisté moderns
DDS risinajums. Visbeidzot, ta ka klasiski zina@ms risinajums ar augstas tiribas metaliska
molibdena vakumtraktu ir neiedomajami dargs, tad esam atradusi, ka kvarca vakuumtrakts dod
konkurgjosu tiribas iesp&ju.

Tehnical solutions how to create miniature boron ion implantation apparatus

Janis Blahins
Institute of Atomic Physics and Spectroscopy, University of Latvia

Within the framework of the ERDF S369-ESS381-ZR-N-109 Project, we have to develop a
new, inexpensive, small-sized, high-purity ion implantation device concept’s prototype. With
this report we want to demonstrate the most important stoppers are solvable for realizing such
an idea. First, boron is a hard-melting dielectric metal that is problematic for plasma ignition
for both of these reasons. Therefore, customarily boron ion sources use gaseous forms of boron-
fluorine, which are leading to dimensions and toxicity. Our goal is to use solid boron, where
there are several possibilities, from the Hollow Cathode discharge, which, as can be found in
the worldwide recent research references, is activated by ICP discharge in the incoming carrier
gas tract. Or concurrently, boron loses electrical resistance by 6 orders if warmed over 600
Centigrades. Thus, the ion source can be made clean and miniature. Next, it is possible to
replace the sector magnet in the ion mass selection tract with an RF-QMS mass filter, which
gives an improvement in size, price and purity, moreover, a modern DDS solution is known
for some years for crucial simplification of rather complex electronics around of QMS. Finally,
because classically known solution with high-purity metallic molybdenum vacuum chamber is
incredibly expensive, we have found that quartz vacuum chamber and piping offers competitive

purity.
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Litija kapilaro poru sistemu apstaroSanas eksperimenti I\VVG1.M pétniecibas reaktora

Saulets Askerbekovs®?, Jurijs Ponkratovs®, Jurijs Gordienko?®, Irina Tazibajeva®, Kairats Kadirzanovs?,
Inesa KenZzina®

'Al-Farabi Kazahstanas Nacionala universitate,
°L.N. Gumilova Eirazijas Nacionald universitdte,
3Kazahstanas Republikas Nacionalais kodolcentrs,

Eksperimentalie rezultati par tidenraza izotopu mijiedarbibu ar litija kapilaro-poraino sist€ému
(KPS) iegiiti apstarosanas laika reaktora. Eksperimentiem ar litija KPS paraugiem pétniecibas
reaktora IVG.1M (Kurcatova) izgatavota Ipasa ampulu ierice. Eksperimenti veikti ar
dinamiskas sorbcijas metodi - pastaviga deitérija plisma cauri caurulei ar paraugu ar pastavigu
degazéSanu un gazes sastava registrésanu eksperimentalas ampulas ieric€. Pirmg&jie dati ir
iegiiti par tritija izdaliSanos atkariba temperatiiras no litija KPS reaktora apstaroSana. Sakotngja
datu analize parada sekojosas tritija izdaliSanas iezimes: nenozimiga tritija izdaliSanas notiek
no cieta litija (paraugu temperattra ir zemaka par 180 ° C), tritija izdaliSanas samazinas, ja
Stinas centra temperatiira ~ 250 °C, tritija izdaliSanas nenotiek, tiek partraukta, ja Stinas centra
temperatiira ~ 300 °C, seko tritija izdaliSanas palielinaSanas, paaugstinoties temperatiirai.
Izdarits secinajums, ka tritija sakerSana ar litiju butiski ietekmé tritija izdaliSanas procesus no
litija CPS reaktora apstaroSanas laika.

Experiments on lithium capillary-porous systems irradiation at the IVG1.M research
reactor

Saulet Askerbekov*?, Yuriy Ponkratov®, Yuriy Gordienko?®, Irina Tazhibayeva®, Kairat Kadyrzhanov?,
Inesh Kenzhina®

Al-Farabi Kazakh National University,
2L.N. Gumilyov Eurasian National University
*National Nuclear Center of the Republic of Kazakhstan,

The results of the experiments on hydrogen isotopes interaction with lithium capillary-porous
systems (CPS) under reactor irradiation are obtained. A special ampoule device with a lithium
CPS sample was designed for experiments at the IVG.1M research reactor (Kurchatov). The
experiments were carried out by the method of dynamic sorption: a constant flow of deuterium
was swept through the tube sample with constant degassing and registration of gas composition
in the experimental ampoule device. The initial data on temperature dependencies of tritium
release from lithium CPS under reactor irradiation is presented. The preliminary analysis
showed some features of tritium release: insignificant tritium release occured in solid lithium
(samples temperature below 180 °C), tritium release decreased under temperature of cell’s
center of ~250 °C, tritium release stopped under temperature of cell’s center ~ 300 °C; then
tritium release increased with increase of temperature. The conclusion was made that tritium
capture by lithium has a significant influence on the processes of tritium release from lithium
CPS under reactor irradiation.

The work is supported by the Ministry of Education and Science of the Republic of Kazakhstan
with Grant No. AP08856056.
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Kimiski kodinami defektu agregati ar °°Ti joniem apstarotos LiF Kristalos

Jelena Susinska, llze Manika
Latvijas Universitates Cietvielu fizikas institiits

Apstarojot LiF kristalus ar daZiem augstas energijas vieglajiem joniem (*2C, 3He u.c.), tie
sadursmés ar Li atomiem spgj izraisit kodolreakcijas. To raditas dalinas un sekundarais
starojums rada radiacijas defektus arT apgabala arpus jonu implantacijas zonas [1].

Darba pétiti radiacijas defekti ar 555 MeV *°Ti joniem apstarota LiF, izmantojot kimiskas
kodinasanas metodi un papildinot to ar ASM. Apstaroto paraugu raksturoSanai izmantotas
optiskas absorbcijas spektroskopijas un mikrocietibas metodes. Konstatéta komplekso krasu
centru (F2, Fs3 un Fs4 ) veidoSanas tendence, kas saistama ar defektu agregatizacijas procesu.
Uzlabota kimiskas kodinasanas procedira lava apgabala aiz implantacijas zonas novérot
specifisku klasteru tipa defektu klatbiitni atSkiriba no dislokaciju struktiras, kas raksturiga
implantacijas zonai. Minétie defekti nav identificeti, tacu domajams, ka to sastava ir H centru
agregati un gazu (F vai He) burbuli. Paraugi, it ipasi p&c to atkv€linasanas, uzrada paaugstinatu
kimisko aktivitati defektu tuvuma, kas var liecinat par radiolizes produktu emisiju.

Chemically etchable defect aggregates in LiF crystals irradiated
with swift °Ti ions

Jelena SuSinska, l1ze Manika
Institute of Solid State Physics, University of Latvia

By irradiating LiF crystals with some light ions (*2C, ®He, etc.), they can cause nuclear reactions
in collisions with Li atoms. Secondary radiation and particles caused by the reactions create
radiation defects also in the area beyond the ion range [1].

In this work, radiation defects in LiF irradiated with 555 MeV °Ti ions were studied using the
chemical etching method and supplementing it with AFM. Optical absorption spectroscopy
and microhardness methods were used to characterize the irradiated samples. A tendency to
form complex color canters (F2, Fz and F4) has been observed. An improved chemical etching
procedure allowed the observation of a specific structure in the area beyond the irradiated zone,
consisting of cluster-type defects, which are different from the dislocation structure typical for
the implantation zone. These defects have not yet been identified, but the presence of H center
aggregates and gaseous bubbles (F, He) is suggested. Samples, especially after annealing, show
increased chemical activity near defects, which may indicate the emission of radiolysis
products.

[1] 1.Manika, R. Zabels, et al., J. Nucl. Mater. 507 (2018) 241-247.

47



25. februaris
Materiali sensoriem
Optiskie materiali

Segnetoelektriskie materiali

48



Pusvaditaju fizikas problemu laboratorijas priekSvesture un sakums
Janis Jansons
Latvijas Universitates Cietvielu fizikas institiits

P&c Latvijas Zinatnu akadémijas Fizikas un matematikas instittita dibinasanas 1946. gada 1. aprili
un Rigas Politehniska institiit atjaunoSanas 1958. gada Latvijas Valsts universitates (LVU) Fizikas
un matematikas fakultaté palikuSajiem fizikiem samazinajas pedagogiskais darbs, bet ar
eksperimentalo zinatni pienaciga Iimeni nebija iesp&jams stradat, jo trika modernas aparatiiras un
lidzekli tas iegadei. Saja sakara doc. E. Kraulina, doc. O. Smits, doc. J. Eiduss, asist. |. Vitols
méginaja dibinat Spektroskopijas daudznozaru zinatniski pétniecisku laboratoriju. Bet LVU vadiba
tam nepiekrita.

Fizikiem kluva zinams, ka Riga slepeniba sakta buivét rupnica pusvaditaju ieriCu razosanai.
Cietvielu fiziki O. Smits un I. Vitols sazinajas ar jaunbiivéjamas riipnicas vadibu un uzzinaja, ka
ar1 viniem bils vajadziga lidziga laboratorija, kadu bija iecergjusi LU fiziki, bet galvenokart
pusvaditaju pétniecibai. O. Smits un 1. Vitols steidzigi uzsaka Pusvaditaju fizikas probleému
laboratorijas (PFPL) organizéSanas projekta dokumentu izstradi. Rezultata LPSR Ministru
padomes Augstakas un vidgjas specialas izglitibas valsts komiteja 1960. gada 18. maija izdeva
paveli Nr. 278 par LVU Pusvaditaju fizikas problému laboratorijas organizéSanu. Galigo lémumu
Nr. 78-27 par LVU Pusvaditaju fizikas problému laboratorijas radisanu pienéma Padomju
Savienibas Komunistiskas partijas Centrala komiteja kopa ar PSRS Ministru padomi 1961. gada
24. janvari.

Referata tiek izklastita visa PFPL radiSanas gaita, ieskaitot priekSvesturi.

Background and rooting of the Semiconductor Physics Problem Laboratory
Janis Jansons
Institute of Solid State Physics, University of Latvia

Following the founding of the Latvian Academy of Sciences Institute of Physics and Mathematics
on 1 April 1946 and the renewal of the Riga Polytechnic Institute in 1958, teaching work was
reduced for physicists remaining in the State University of Latvia's (LVU) Physical and Math
Faculty, but experimental science was not able to work at an appropriate level due to the lack of
modern hardware and hardware. means of purchasing it. Doc. E. Kraulina, doc. O. Schmidt, doc.
J. Eiduss, asist. I. Vitols attempted to establish a Spectroscopy multi-sectoral research laboratory.
But THE management of THE LVU did not agree with this.

It became known to physicists that a factory for the production of semiconductor devices was
started under secrecy in Riga. Solid-state physicists O. Schmidt and I. Vitols contacted the
management of the newly built plant and learned that they would also need a similar laboratory as
LU physicists intended, but mainly semiconductor research. O. Schmidt and I. Vitos hastily
started the development of project documents for the Organisation of the Bioconductor Physics
Facilities Laboratory (PFPL). As a result, on 18 May 1960, the State Committee for Higher and
Medium Special Education of THE LPSR Council of Ministers issued Order 278 on the
organisation of THE LVU Semiconductor Physics Facilities Laboratory. The final decision No
78-27 on the creation of THE LVVU Semiconductor Physics Facilities Laboratory was adopted by
the Central Committee of the Communist Party of the Soviet Union together with the Council of
Ministers of the USSR on 24 January 1961.

The paper outlines the whole process of creating PFPL, including the background.
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Hibrida organisko-neorganisko vielu sistémas izpéte rentgenstaru detekteSanai

Normunds Strautnieks, Kaspars Pudzs, Andrejs Tokmakovs, Inga Pudza, Aleksejs Kuzmins
YLatvijas Universitates Cietvielu fizikas institiits

Rentgenstarojums un ar to saistitas tehnologijas ir plasi izmantotas musdienu medicina,
drosibas kontrol€ ka ar1 zinatniskas pétniecibas sféra. Tas rada nepiecieSamibu péc efektiviem
rentgenstaru  detektoriem. Sobrid akfivi lietotajiem pusvaditaju kristalu rentgenstaru
detektoriem ir vairakas negativas IpaSibas — tiem ir ierobezots izmérs, lieli darba spriegumi,
vaja rentgenstaru absorbcijas spgja un nepiemit plastiskums un lokanums. Sis problémas varétu
risinat veidojot jauna tipa rentgenstarojuma detektorus izmantojot organisko materialu
matricas.

Darba gaita tika izveidoti un veikti me&rfjumi ar hibridam organisko-neorganisko vielu
plano kartinu sistémam, ar mérki detektét uz tam kritoso rentgenstaru starojumu. Sis hibridas
sisttmas tika veidotas iejaucot dazadu smago metalu — stroncija un cinka volframatu
nanodalinas organisko materialu matricas, kas veidotas no P3HT/PCBM un PEDOT:PSS. Tika
veidotas dazadas plano kartinu struktiiras un veikta to apstaroSana ar rentgenstariem, lai
noteikto to rentgenstaru detekt€Sanas sp&u un jiitibu. Darba gaita iegiitas voltampéru
raksturliknes un rentgenstaru raditas stravas liknes, ka arT aprekinata iegtito sist€mu jutiba.
Nanodalinu raksturoSanai tika izmantota sken&josa elektronu mikroskopija. legttie rezultati ir
salidzinati ar literattira pieejamajiem datiem un tika izdariti secinajumi par konkréto sistemu
pielietoSanas efektivitati.

Investigation of a hybrid organic-inorganic system for X-ray detection

Normunds Strautnieks, Kaspars Pudzs, Andrey Tokmakov, Inga Pudza, Alexei Kuzmin
Institute of Solid State Physics, University of Latvia

X-rays and their related technologies are widely used in modern medicine, security
control, as well as in the field of scientific research. This creates the need for efficient X-ray
detectors. Currently used semiconductor crystal X-ray detectors have several negative
properties - they have a limited size, high operating voltages, poor X-ray absorption capacity
and no plasticity and flexibility. These problems could be solved by developing new types of
X-ray detectors using matrices of organic materials.

In the course of this work, measurements were developed and performed with hybrid
organic-inorganic thin film systems, with the aim of detecting X-rays induced current. These
hybrid systems were developed by mixing various heavy metals - strontium and zinc tungstate
nanoparticles in organic material matrices made of
P3HT/PCBM and PEDOT: PSS. Various thin film structures were formed and irradiated with
X-rays to determine their X-ray detection capability and sensitivity. Current-voltage
characteristics and X-ray current curves were obtained during the work, as well as the
sensitivity of the obtained systems was calculated. Scanning electron microscopy was used to
characterize the nanoparticles. The obtained results are compared with the state of the art data
available in the literature and conclusions were made about the efficiency of the application of
the specific systems.

50



Mehanoluminiscentu materialu izpéte un pielagosana optoelektrisko sensoru izveidei

Ernests Einbergs, Aleksejs Zolotarjovs, Ivita Bite, Virginija Vitola, Donats Millers
Latvijas Universitates Cietvielu fizikas institiits

Mehanoluminiscence (ML) ir spontana gaismas emisija mehaniskas mijiedarbibas rezultata.
Kaut gan efekts tika atklats simtiem gadu atpakal, tas vél neatrada plasu praktisku pielietojumu.
Viens no limit&josajiem faktoriem ML plasai pielietosanai ir Saurais izp€tito materialu klasts,
kuriem piemit intensiva un pasatjaunojama luminiscence. P&dgjos gados strauji pieaug ar
lantanidiem legCtu materialu pétijumu skaits, kuri gan paaugstina materialu luminiscences
intensitati, gan paplasina ar ML ieglistamo emisijas vilna garumu diapazonu.

Darba mérkis ir parbaudit izvéletu ML materialu 1pasibas un pielagot koncentraciju attiecibas
sprieguma sensora izveidei. Mérka sasniegSanai tiek izveidota iekarta un paraléli tiek veikta
industriali razota ar eiropiju legéta stroncija aluminata un saistvielas saderibas izp&te. Epoksida
sveki ir pietiekosi elastigi un saderigi ar stroncija aluminatu, lai varétu tikt izmantoti turpmak
pétijuma, no Iidz $im apliikotajam saistvielam.

Research and adaptation of mehanolumincents for the development of optoelectric
Sensors
Ernests Einbergs, Aleksejs Zolotarjovs, Ivita Bite, Virginija Vitola, Donats Millers
YInstitute of Solid State Physics, University of Latvia

Mechanically exited spontaneous emission of light is called mechanoluminescence (ML).
Effect has been known for hundreds of years but has not yet found any practical application.
One of the limiting factors for wide practical applicability is the narrow selection of ML
materials with respectable intensity and self-renewing luminescence. Recent studies have
shown that activation with rare earth ions starkly increases the intensity and colour range
achievable of ML which has garnered a growing interest.

The goal of this work is to explore ML properties and to optimized material and binder ration
for strain sensing. To achieve our goal, a measurement system is being built and in conjunction
compatibility between different binders and industrially produced europium activated
strontium aluminate is being explored. None of the up until now selected binders has shown
resistance to impact and compatibility with material. Epoxy resin will be used in the remainder
of this study. From up until now considered binders epoxy resin has shown reasonable elasticity
and compatibility with strontium aluminate and it could be used for the remainder of this study.

The financial support of ISSP UL project SJZ/2020/13 is greatly acknowledged
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Arduino kontroléts ¢etru kanalu LED starotajs valiSu fotoreceptoru spektralas jutibas
salidzinasanai ar optiska flikera metodi

Davis Zagers®, Zane Jansone-Langina?, Nicola Rizzieri®, Maris Ozolins!?, Varis Karitans!
YLatvijas Universitates Cietvielu fizikas institiits
Latvijas Universitates Fizikas matemdtikas un optometrijas fakultdte
*Rizzieri Optometristi, Italy

Portativi elektroniskie kontroleri (Arduino, Raspberry, u.c.) ar attiecigam jaudas pastiprinataju
pakap&m var nodro$inat optisko komponensu, saturosu vairaku krasu LEDus, izveidi. M&s esam
izveidojusi Cetru kanalu optisko starotaju, kas veidots uz sarkano, zalo, ciana un zilo LEDu bazes,
acs tiklenes fotoreceptoru spektralas jutibas salidzinasanai. Parslédzot laika divu kanalu starojumus
ar frekvenci acs krasu uztveroso valisu fuziju frekvences rajona, noverotajs noveéro mirgosanu, ja
spektralo kanalu starojuma intensitate nav apgriezti proporcionala acs spektralai jutibai, savukart
mirgoSana pazid lidz ar starojumu uztveres lidzsvaroSanu. lerici vada Arduino Uno kontroleris ar
frekvenci 30-120 Hz robezas, kas ir pietickams acs flikera efekta novérosanai. Jaudas pakape uz
MOSFETa tranzistoriem sttiré uz 10cm PMMA diska ar biezumu 9mm aploces izvietotam 4x3
gaismas diodém ar katras LED maksimalo efektivo stravu 350mA. Aktivais izklied€josais starotaja
laukums ir aplis centra ar diametru Scm, paréja diska virsma parklata ar paslim&josu aluminija
foliju. Kontrolera programmatira stiiré starojumu intensitates, registré atbildes reakcijas un grafiski
izvada rezultatu att€losanu, lai noteiktu valisu jutibu subjektivas ekvivalences punktu. Ierici
izmantos acs tiklenes valiSu jutibu mainas noteikSanai senilajiem pacientiem, krasu redzes deficita
un/vai acs 1&cas kataraktas iestasanas gadijumos.

Arduino controlled four channel LED optical flicker for comparison of eye cone
photoreceptor spectral sensitivity

Davis Zagers!, Zane Jansone-Langina?, Nicola Rizzieri®, Maris Ozolinsh'? , Varis Karitans®
YInstitute of Solid State Physics, University of Latvia
2Faculty of Physics, Mathematics and Optometry, University of Latvia
*Rizzieri Optometristi, Italy

Portable electronic controllers (Arduino, Raspberry, etc.) with appropriate power amplifiers can
provide the creation of optical components containing multi-colored LEDs. We have developed a
four-channel optical emitter based on red, green, cyan and blue LEDs for spectral comparison of
retinal photoreceptor sensitivity. When switching between two-channel emission at a frequency
around the retinal fusion frequency of the eye cones, the observer detects flicker if the radiation
intensity of the spectral channels is not inversely proportional to the cone spectral sensitivity, while
the flicker disappears as the channels’ perception is balanced. The device is controlled by an
Arduino Uno controller with a frequency in the range of 30-120 Hz, which is sufficient to monitor
the retinal flicker effect. The optical intensity of LEDs is steered on a 10cm PMMA disk with a
thickness of 9mm surrounded by 4x3 LEDs with a maximum effective current of 350mA for each
LED. The active diffusing emitter area is a circle in the disk centre with a diameter of 5 cm, the
rest of the disc surface is covered with self-adhesive aluminium foil. The controller software
controls the radiation intensities, records the responses, and graphically displays the results to
determine the subjective equivalence point of the cone sensitivities. The device will be used to
detect changes in the sensitivity of the cones in elderly patients, in cases of color vision deficiency
and/or ocular lens cataract cases.

Support of Camart? [Horizont 2020] and VIAA projects [KC-P1-2017/105 and KC-PI1-2020/10] is
greatly acknowledged.
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Saules un rentgena starojuma izraisitas termoluminiscences ipasibas
AIN keramika

Janis Cipa', Laima Trinklere!, Baiba Bérzina®
YLatvijas Universitates Cietvielu fizikas institiits

AIN ir dielektrisks materials ar aizliegtas zonas platumu 6.2 eV. Sim materialam piemit labas
dozimetriskas 1pasibas, ka plats dozas linearas atkaribas apgabals, augsta jutiba attieciba pret
apstaroSanu un UV absorbcijas Iidziba cilvéka adai. Lai uzlabotu dozimetriskas 1pasibas ir
nepiecieSama izpratne par rekombinacijas procesiem materiala, ko ir iesp&jams pilnveidot,
apstarojot materialu ar Saules gaismu vai rentgenstarojumu. Termoluminiscence (TL) ir viena
no metodém, ar kuru var netiesi izskaidrot rekombinacijas procesus. AIN TL liknes un emisijas
spektri atSkiras péc apstaroSanas ar rentgenstarojumu vai Saules gaismu. Ar Saules gaismu
apstarotajam AIN TL Iiknu Tpasibas var izskaidrot ar Saules starojuma spektru, kas juras Itment
sakas no 290 nm, un ar vienlaicigu TL signala radiSanu (ar A <450 nm) un ta izdéSanu (ar A >
450 nm). Padzilinata izpratne par defektu rekombinacijas procesiem var labak palidzet atrast
risinajumus TL signala fedingam kas ir galvenais trilkums $im materialam. Paslaik AIN varétu
izmanto Tslaicigas UV starojuma dozas noteikSanai ka, pieméram, kosmosa tehnologijas, vai
tidens attiriSana.

Sun and X-ray radiation induced thermoluminescence properties
of AIN ceramics

Janis Cipa?, Laima Trinkler!, Baiba Berzina®
YInstitute of Solid State Physics, University of Latvia

AIN is a dielectric material with a band gap of 6.2eV. This material has good dosimetric
properties such as a large linear dynamic dose range, high response to irradiation and similarity
of UV absorption to human skin. To improve dosimetric properties, it is necessary to
understand the recombination processes in the material, which can be improved by irradiating
the material with sunlight and X-rays. Thermoluminescence (TL) is one of the methods by
which recombination processes can be indirectly explained. The TL glow peaks and emission
spectra of AIN differs after irradiation with X-rays or sunlight. Specific properties of the Sun
irradiation induced TL characteristics are explained by the Sun emission spectrum at the ground
level beginning at 290 nm and simultaneous production of the TL signal (by A <450 nm) and
its destruction (by A > 450 nm). An in-depth understanding of defect recombination processes
can help to better find solutions for TL signal fading, which is a major drawback of this
material. Currently, AIN could be used for short-term UV light dosing, such as space
technology, or in water treatment.

The present research has been sponsored by the Latvian Council of Science, Grant No. Izp-
2018/1-0361. The Institute of Solid State Physics, University of Latvia as the Centre of
Excellence has received funding from the European Union’s Horizon 2020 Framework
Programme H2020-WIDESPREAD-01-2016-2017-TeamingPhase2 under grant agreement
N0.73950, project CAMART?
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Ar hromu legéts aluminija oksids ka termoluminiscences dozimetriskais materials

Ernests Einbergs, Aleksejs Zolotarjovs, lvita Bite, Janis Cipa, Virginija Vitola, Katrina Laganovska,
Laima Trinklere
Latvijas Universitates Cietvielu fizikas institiits

Dala medicinisko izmekl&jumos izmanto jonizg&joSo starojumu. Lai gan pieejamais dozimetru
klasts ir relativi plass, dozimetru linearitates apgabals un kimiska stabilitate ir ierobezota.
Jonizgjosa starojuma plasa adaptacija mediciniskiem izmekl&umiem, preCu un medicinas
instrumentu sterilizacijai, séklu un kimisko reagentu apstaroSanai un citur ir veicinajusi
pieprasijumu p&c jauniem un uzlabotiem dozimetriskajiem materialiem.

ST pétijuma ietvaros tiek apskatits ar hromu legéts aluminija oksids un ta pielietojamiba
dozimetrija augstu dozu noteikSana. Tika apskatita ar sol-gel metodi sintez€to poraino
mikrokeramiku thermostimul&tas luminiscences signala atkariba no dozas, izmantojot divus
dazadus jonizgjosa starojuma avotus, ka ar1 noteikta signala dziSana laika. Lai gan materialam
tika nov@rota ievérojama dziSana laika (intensitate saruka par aptuveni 50% 30 dienu laika), ar
hromu legéts aluminija oksids, ar atbilstoSu optimizaciju, var tikt izmantots augstas dozas
rentgenstaru un beta starojuma dozimetrijai. Ar hromu(Ill) legéts aluminija oksids ir
daudzsoloss kandidats dozimetriskiem pielietojumiem medicina un industrija ta plasa augstu
dozu linearitates apgabala, augstas kimiskas stabilitates, vélamo mehanisko pasibu un zemo
razoSanas izmaksu del.

Chromium doped alumina as a thermoluminescence dosimetry material

Ernests Einbergs, Aleksejs Zolotarjovs, Ivita Bite, Janis Cipa, Virginija Vitola, Katrina Laganovska,
Laima Trinkler
Institute of Solid State Physics, University of Latvia

Many medical examinations involve ionizing radiation. Although the range of available
dosimeters is rather wide, their linearity and chemical stability is limited. Recently, there has
been a growing interest in new, improved dosimetric materials for emerging applications in
medicine and other fields like sterilisation of consumer goods and medical instruments,
irradiation of seeds, chemical agents and others.

In this study, we explored alumina doped with chromium porous microparticles synthesized
with sol-gel method as a possible high dose dosimeter and evaluated its thermostimulated
luminescence signal, dose response with two irradiation sources and measured long-time
fading. It was found that although the long-term fading is significant (around 50% in the span
of 30 days), with sufficient optimisation the material can be used as a high-dose dosimeter for
X-Ray and beta irradiation. Wide high dose linearity range, physical and chemical
characteristics, as well as low production costs and ease of synthesis make chromium (I11)
doped alumina a compelling candidate for applicability in various medical and industry fields.

Financial support provided by Scientific Research of “Luminescence Mechanisms and
Dosimeter Properties in Prospective Nitrides and Oxides Using TL and OSL Methods” LZP
FLPP Nr. LZP-2018/1-0361 realized at the Institute of Solid State Physics, University of Latvia
is greatly acknowledged. Authors acknowledge Institute of Solid State Physics, University of
Latvia as the Center of Excellence has received funding from the European Union’s Horizon
2020 Framework Programme H2020-WIDESPREAD-01-2016-2017-TeamingPhase2 under
grant agreement No. 739508, project CAMART?2,
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Ar manganu aktiveétu kalcija aluminatu luminiscence optiskiem pielietojumiem

Meldra Kemere?, Pavels Rodionovs?, Uldis Rogulist, Kaspars Vitols!, Andris Antuzevi¢s?, Anatolijs
Sarakovskis®, Mara Smite?
YLatvijas Universitates Cietvielu fizikas institiits
2Light Guide Optics International, Livani

Optiskie temperatiiras sensori, kuros izmantota fotoluminiscences joslu intensitates
temperatiiras atkariba, tiek plasi pétiti, $adi sensori ir pielietojami specifiskos apstaklos [1]. Ir
svarigi izpétit parejas metalu ipaSibas un pielietojamibu temperatiiras sensoros. Literatiira
minéta intensiva mangana jonu luminiscence kalcija aluminatos [2].

Darba gaita sintez&ti ar mangana joniem (0-2 mol%) aktivéti paraugi ar dazadam kalcija
aluminata kristaliskajam fazém, izmantojot cietfazu sintézes metodi, kars€jot gaisa.
Paraugiem veikti rentgenstaru difrakcijas analizes un EPR mérijumi. legiiti fotoluminiscences
ierosmes un emisijas spektri istabas temperatiira, ka ari, izdariti fotoluminiscences mérijumi,
sildot paraugu Iidz 300 °C temperatirai.

Paraugos novérota Mn?* raksturiga luminiscences josla, kuras pozicija dazadas kristaliskas
fazés ir atskiriga. DaZos gadifjumos novérojamas Mn** raksturigas joslas. Luminiscences
temperatiiras atkaribas mérfjumi rada, ka, pieaugot temperatiirai, izteikti samazinas Mn**
luminiscences intensitate, bet Mn?* intensitate — mainas maz.

Photoluminescence of manganese doped calcium aluminates for optical applications

Meldra Kemere?!, Pavels Rodionovs?, Uldis Rogulist, Kaspars Vitols?, Andris Antuzevics!, Anatolijs
Sarakovskis?, Mara Smite?
YInstitute of Solid State Physics, University of Latvia
’Light Guide Optics International, Livani

Optical temperature sensors exploiting the temperature dependence of intensity of
photoluminescence bands are widely investigated, they can be used in harsh environment [1].
It is important to investigate properties and the perspective of transition metal ions in
temperature sensors. In the literature, intensive photoluminescence of manganese ions in
calcium aluminates is reported [2].

In this work, various calcium aluminate crystalline phases containing 0-2 mol% of manganese
ions were synthesized using a solid-state reaction method under air.

The X-ray diffraction and EPR measurements of the samples were conducted.
Photoluminescence excitation and emission measurements at room temperature were done as
well as measurements while heating the sample up to 300 °C.

The characteristic photoluminescence band of Mn?* ion was observed, and its position varied
in different crystalline phases. In some cases, emission bands of Mn** were observed as well.
Temperature-dependent photoluminescence experiments showed that with the temperature
increase, the intensity of Mn** luminescence strongly decreased, while only slight decrease of
Mn?* photoluminescence intensity was observed.

The financial support of ERDF project Nr.1.1.1.1/19/A/020 is greatly acknowledged.

[1] Q. Wang, et. al., J. Alloys Compd. (2020): 156744.
[2] J. Park et. al, Ceramics International (2013): 39, S623-S626.
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Sarkanas ilgstosas pecspidésanas un kérajcentru ipasibas gaisa un reducéjosa atmosfera
sintezéta MgGeOs:Mn?* materiala

Guna Doke, Andris Antuzevi¢s, Guna Krieke, Aija Kalnina, Maris Springis, Anatolijs Sarakovskis
Latvijas Universitates Cietvielu fizikas institiits

Sobrid ir plasi pieejama informacija par ilgstosas pecspidésanas materialiem, kuru emisija ir
zilaja un zalaja spektra diapazona, savukart publikaciju skaits par pecspidéSanu sarkanaja un
tuva infrasarkanaja diapazona ir ievérojami mazaks.

S darba gaita, izmantojot cietfazu sintézi, gaisa un reducgjo$a atmosféra, tika sintezéts
MgGeOs: 0,1 mol% Mn?* materials. Materialam novérojama plata luminiscences un
pecspidésanas josla ar maksimumu ap 680 nm, ko var ierosinat gan ar ultravioleto, gan
rentgenstarojumu. P&c apstaro$anas partrauksanas p&cspidésanu var novérot Iidz 15 h.
Luminiscences dzi$anas kinétika norada, ka p&cspidéSana $aja materiala ir sarezgits process,
kas ietver dazadu kérajcentru mijiedarbibu. Lai izdaritu secinajumus par kérajcentru ipasibam,
tika izmantotas dazadas termiski stimul€tas luminiscences un elektronu paramagnétiskas
rezonanses metodes.

Tika secinats, ka paraugos ir vairaki kérajcentri ar aktivacijas energiju no 0.60 lidz 1.55 eV,
turklat sinte€ze reducg€josa atmosfera veicina papildus dzilo kerajcentru izveidi.

Red persistent luminescence and trap properties of MgGeOs: Mn?* material synthesized
in air and reducing atmosphere

Guna Doke, Andris Antuzevics, Guna Krieke, Aija Kalnina, Maris Springis, Anatolijs Sarakovskis
Institute of Solid State Physics, University of Latvia

Currently, there is widely available information on the long persistent luminescence materials
with emission in the blue and green spectral range, while the number of publications on the
afterglow in the red and near-infrared spectral range is considerably lower.

In the course of this work MgGeOs material doped with 0.1 mol% Mn?* was produced using
solid-state reaction synthesis in ambient and reducing atmospheres. The material exhibits a
broad luminescence and afterglow band with a peak around 680 nm, excited by either X-rays
or UV. After cessation of irradiation, the afterglow up to 15 hours can be observed.

Decay kinetics of the samples indicate that persistent luminescence in this material is a complex
process that includes several different traps. To draw conclusions about the nature of the traps
different thermally stimulated luminescence and electron paramagnetic resonance techniques
were employed.

It was concluded that multiple traps with activation energy between 0.60 — 1.55 eV are present
in the samples, furthermore the synthesis in reducing atmosphere promotes creation of
additional closely overlapping deep traps.

Financial support provided by Scientific Research Project for Students and Young Researchers

Nr. SJZ/2018/6 realized at the Institute of Solid State Physics, University of Latvia is greatly
acknowledged.
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Hroma jonu lokala struktiura LaOCl

Haralds Ozols, Andris Antuzevi¢s, Guna Krieke, Andris Fedotovs, Anatolijs Sarakovskis, Aleksejs
Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Materialu pétijumos ar elektronu paramagnétiskas rezonanses (EPR) spektroskopiju ka
aktivatorus (zondes) tipiski izmanto Parejas metalu jonus. P&tot Cr ka aktivatoruhroma
iebtivéSanos LaOCl, ir noveérota netipiska iebiiveSanas 5+ ladinstavokli, asimetriski
deformgjot kristalrezgi.

Darba gaita sintez&ti LaOCI:Cr paraugi ar Cr koncentracijam 0.1-10 mol% diapazona. Tika art
veidoti paraugi, kars€jot reduc€josa Ho/Ar atmosfera.

LaOCL:Cr spektros noveérojama superhipersikstruktira (SHFS), ko var izskaidrot ar Cr
mijiedarbibu ar apkart&jiem La kodoliem. To apstiprina elektronu kodolu dubultas rezonanses
(ENDOR) mérijumi. Pie augstakam aktivatoru koncentracijam Cr>* EPR signala intensitate
palielinas. Reduc€josa atmosféra karséto LaOCIL:Cr paraugu EPR spektros novérojamas
transformacijas uz Cr3" raksturigiem signaliem.

Apkopojot magnétisko rezonansu (EPR, ENDOR), rentgenstaru fotoelektronu (XPS) un
rentgenstaru absorbcijas (XANES) spektroskopijas metoZu rezultatus, tiks izdariti secinajumi
par hroma iebtivésanos LaOCI.

Chromium ion local structure in LaOCI

Haralds Ozols, Andris Antuzevics, Guna Krieke, Andris Fedotovs, Anatolijs Sarakovskis, Alexei
Kuzmin
Institute of Solid State Physics, University of Latvia

Transition metal ion activators (probes) are typically used for electron paramagnetic resonance
(EPR) studies of materials. EPR spectra of chromium doped LaOCI revealed an unusual
incorporation in the 5+ valence state producing asymmetric distortions to the crystal lattice.

In this work LaOCI:Cr samples have been studied with Cr concentrations in 0.1-10 mol%
range. Effects of annealing in reducing conditions at different temperatures have been
investigated as well.

Superhyperfine structure (SHFS) is resolved in the EPR spectra of LaOCI:Cr, which can be
explained with electron-nuclear spin interactions between Cr and the surrounding La nuclei.
This is confirmed by electron nuclear double resonance (ENDOR) measurements. At higher
activator concentrations EPR signal associated with Cr>* increases. Annealing of LaOCI:Cr in
reducing Hz/Ar atmosphere results in chromium transformations into Cr3".

Based on the experimental results of magnetic resonance (EPR, ENDOR), X-ray photoelectron
(XPS) and X-ray absorption (XANES) spectroscopy methods local structure of chromium
LaOCI will be discussed.

The financial support of Latvian Council of Science grant LZP-2018/1-0335 “Novel

transparent nanocomposite oxyfluoride materials for optical applications” is greatly
acknowledged.
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Ar Cr3* joniem aktivéta MgGeO3 ilgspidosa luminiscence

Aija Kalnina, Guna Doke
Latvijas Universitates Cietvielu fizikas institiits

Luminiscgjosi materiali tiek plasi pielietoti gan zinatniskiem, gan sadziviskiem mérkiem,
pieméram gaismas avotos, bioluminiscentajos markieros, medicinas diagnostikas iekartas,
agronomija, elektronika u.c. Pédgjos gados aizvien lielaka uzmaniba tiek pieversta sarkaniem
un infrasarkaniem ilgspidétajiem.

Viens no materialiem, kas ar attiecigajiem piejaukumiem var nodroSinat ilgu pecspidésanu
sarkanaja un tuvaja infrasarkanaja spektra diapazona, ir MgGeOs. Par §1 materiala
luminiscences Ipasibam atrodams neliels skaits publikaciju, kuras visbiezak aprakstits
MgGeOs, kas aktivéts ar Mn?* joniem. Ilgu p&cspidésanu infrasarkanaja diapazona dazadas
matricas nodrosina ari Cr®* piejaukumu joni.

Darba gaita uzsintezéti astoni dazadi MgGeO3:Cr3* paraugi ar Cr®* jonu koncentracijam 0
mol%, 0.1 mol%, 0.25 mol%, 0.5 mol%, 0.75 mol%, 1 mol%, 2 mol% un 5 mol%. Paraugos,
kas ierosinati gan ar UV starojumu, gan rentgenstarojumu noverojama intensiva luminiscence
ar maksimumu ap 780 nm un detekt&jama p€cspidéSana vairak ka 30 stundu garuma.

Darba gaita uznemti ierosmes spektri, luminiscences un p&cspidéSanas spektri, izméritas
dziSanas kinétikas, veikti termiski stimulétas luminiscences, rentgenstaru difrakcijas u.c.
merijumi.

Persistent luminescence of Cré*doped MgGeOs

Aija Kalnina, Guna Doke
Institute of Solid State Physics, University of Latvia

Luminescent materials are widely used for scientifical and domestic purposes such as light
sources, bioluminescent markers, medical diagnostic equipment, agronomy, electronics, etc. In
recent years, there has been an increasing focus on red and infrared persistent phosphors.

One of the materials that can provide persistent afterglow in the red and near-infrared spectral
range with the appropriate impurities is MgGeOs. There are few publications on the
luminescence properties of this material, most often describing MgGeOs activated with Mn?*
ions. Long afterglow in the infrared range in different matrices is also provided by Cr3*
impurity ions.

In the course of this research eight different MgGeOs:Cr3* samples with Cr3* concentration of
0 mol%, 0.1 mol%, 0.25 mol%, 0.5 mol%, 0.75 mol%, 1 mol%, 2 mol%, 5 mol% were
prepared. Samples excited by both UV and X-rays exhibit intense luminescence and afterglow
for more than 30 hours with a peak around 780 nm.

During the research the excitation, luminescence and afterglow spectra were taken, the decay
kinetics were measured, thermal stimulated luminescence, X-ray diffraction etc. measurements
were made.
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(0.8NaosBiosTiOs3 -0.2BaTiO3)-CaTiOs struktiiras dielektriskas un elektromehaniskas
ipasibas

Miks Jurjans, Maris Kundzins, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits

Uz NaosBiosTiOs (NBT) bazes veidoti cietie Skidumi tiek plasi pétiti saistiba ar
nepiecieSamibu aizvietot apkart€jai videi kaitigus svinu saturoSus segnetoelektrikus ierices,
kuras tiek izmantots pjezoelektriskais efekts.

Darba mérkis ir izpétit (1-x)(0.8NBT-0.2BaTiO3)-xCaTiOs cietos skidumus, meklgjot tadu
savienojuma koncentraciju, pie kuras ir augsta ar lauku induc€ta deformacija istabas
temperaturas rajona. 0.8NBT-0.2BaTiO3 ka bazes sastava izvéle tiek pamatota ar augstu
tetragonalitati Saja koncentracijas rajona cietaja Skiduma (1-y)NBT-yBaTiOsz. Savukart
CaTiOs tiek pievienots, lai samazinatu fazu parejas temperatiiru, kas ir svarigs nosacijums, lai
iegiitu augstu deformaciju pie istabas temperatiiras.

Ar rentgena difrakcijas metodi tika noteikts reZzga parametra un tetragonalitates atkariba no
CaTiOsz koncentracijas. Tika veikti dielektriskas caurlaidibas, polarizacijas un
elektromehanisko 1pasibu petijumi atkariba no elektriska lauka pie dazadam temperattram.
Secinats, ka pie (1-x)(0.8NBT-0.2BaTiOz)-xCaTiO3z koncentracijam x = (0.075; 0.100)
temperatiiras robezas no 23 lidz 85 °C novérojama ar lauku induc&ta fazu pareja no nepolara
uz segnetoelektrisku stavokli, par ko liecina dubulta histerézes cilpa. Saja stavokli novérota
augsta ar elektrisko lauku inducéta deformacija (Iidz pat 0.25 % pie E = 70 kV/cm), savukart
deformacija ir proprcionala polarizacijas kvadratam, kas atbilst elektrostrikcijas mehanismam.

Dielectric and electromechanical properties in (0.8NaosBiosTiO3 -0.2BaTiO3)-CaTiOs
structure

Miks Jurjans, Maris Kundzins, Eriks Birks
Institute of Solid State Physics, University of Latvia

NaosBiosTiOz (NBT) - based compositions are widely studied due to environmental
requirements to replace lead-containing ferroelectrics in a large variety of devices, where
piezoelectric effect is applied.

The aim of the present work is to study electromechanical properties of (1-x)(0.8NBT-
0.2BaTi03)-xCaTiOs solid solutions, searching compositions with high values of electric field
induced strains at the room temperature. The choice of 0.8NBT-0.2BaTiO3 as a starting
composition is motivated by large tetragonality in this concentration range of (1-y)NBT-
yBaTiOs3 solid solutions. Whereas, CaTiOs is added to reduce the phase transition temperature,
which is an important condition to achieve large strains at room temperature.

Using X-Ray Diffraction, the value of lattice parameter and tetragonality was determined
depending on the CaTiOz concentration. Dielectric permeability, polarisation and
electromechanical properties from electric field were measured at different temperatures.

It was found that, in (1-x)(0.8NBT-0.2BaTiO3)-xCaTiOs composition with x = (0.075; 0.100)
in the temperature range from 23 to 85°C field induced transition from nonpolar to ferroelectric
phase was observed because of the existence of the double hysteresis loop. At this phase
transition, strains above 0.25% at E = 70 kV/cm were obtained while the strain is proportional
to polarisation squared which is a characteristic mechanism of electrostriction.
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NaosBios TiO3 keramikas mikrostruktiira un kimiskais sastavs
atkariba no apdedzinasanas temperatiiras.

Marija Dunce, Eriks Birks, Maija Antonova, Liga Bikse, Sanija Dutkevi¢a,
Otto Freimanis, Arturs Atvars, Maris Livins
Latvijas Universitates Cietvielu fizikas institiits

NaosBiosTiO3 (NBT) un ta cietie $kidumi ir viens no perspektivakiem kandidatiem miisdienas
plasi pielietoto svinu saturoSu segnetoelektriku aizvieSanai. Lai gan NBT cietie $kidumi tiek
intensivi pétiti attieciba uz to IpaSibu modificéSanu, ir loti maz uzmanibas veltits So
savienojumu raksturo$anai no keramikas un tas izgatavoSanas viedokla. Saja darba més esam
veikusi detaliz€tu pilnigas mikrostruktiiras izpeti NBT keramikai, kas izgatavota ar
tradicionalo keramikas sint€zes metodi pie dazadam apdedzinasanas temperatiiram plasa
diapazona no 1020°C lidz 1240°C. Sastavs un homogenitate tika apliikoti, izmantojot XRD,
SEM un EDX metodes.

SEM mikrostruktiiras att€lu analize norada uz monotonu vidgja graudu izméra palielinasanos
un graudu izméra sadaliju paplasinaSanos, pieaugot apdedzinaSanas temperatiirai. Savukart
porainiba ir minimala pie ~1160°C. Ir paradits, ka pie apdedzinasanas temperatiiras virs
1160°C, pamatieguldijumu porainiba dod makro-poras. Dazada rakstura ieslégumi ir noveroti
dazados apdedzinasanas temperatiiru diapazonos. Ir lokali analizeti dazadu ieslégumu, ka ari
matricas graudu sastava esoSie kimiskie elementi un to koncentracijas. Novirzes no
stehiometriska sastava pétitas keramikas matricas graudos netika novérotas.

Microstructure and Chemical Composition of NaosBiosTiO3 Ceramics
as a Function of Sintering Temperature

Marija Dunce, Eriks Birks, Maija Antonova, Liga Bikse, Sanija Dutkevica,
Otto Freimanis, Arturs Atvars, Maris Livins
Institute of Solid State Physics, University of Latvia

NaosBiosTiOz (NBT) and its solid solutions are one of the most perspective candidates for
replacement of nowadays widely used lead-containing ferroelectrics. Although NBT-based
compositions are intensively studied with respect to modification of their properties, there is
very little attention paid to their characterization from the aspect of ceramics and process of its
producing. Here, we report on detailed study of complete microstructure of NBT ceramics
prepared by conventional ceramics sintering method with various sintering temperatures in a
wide range from 1020°C to 1240°C. Content and homogeneity were studied by means of XRD,
SEM and EDX techniques.

Analysis of the SEM micrographs indicates smooth increasing of the average grain size and
broadening of the grain size distribution, upon increasing of the sintering temperature.
Whereas, porosity is minimal at ~1160°C. It is shown that, at sintering temperatures above
1160°C, macro-pores give the main contribution to porosity. Inclusions of different character
are detected in different sintering temperature ranges. The constituent elements and their
concentrations in different inclusions, as well as in the matrix grains were locally analyzed.
Deviations from stoichiometric content of chemical elements in the matrix grains were not
found.

This work has been funded by the European Regional Development Fund in the framework of
the postdoctoral research project No. 1.1.1.2/VIAA/3/19/558.
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Ar Er3* un Yb®* aktivéta NaosBiosTiO3 luminiscences intensitates modulacija
elektriskaja lauka

Dace Nilova, Guna Krieke, Eriks Birks
Latvijas Universitates Cietvielu fizikas institiits

Ar retzemju (RE) elementiem aktivéta NaosBiosTiOs (NBT) ir novérojamas augSup-
parveidotas (AP) luminiscences intensitates atskiribas nepolara un ar elektrisko lauku inducéta
polara stavokli, kas lauj veikt luminiscences intensitates modulaciju ar elektrisko lauku.
Darba gaita tika pétiti NaosBiosTiOs: Er¥*,Yb®* paraugi kas aktivéti ar 0.1-1.2 mol% Er®* un
0.0-1.5 mol% Yb**.

lerosinot Er®* jonu luminiscenci pétitajos paraugos ar 980 nm starojumu un vienlaikus pieliekot
elektrisko lauku, tika izmérita AP luminiscences intensitates atkariba no pielikta lauka stipruma
un polarizacijas histerézes cilpas. Paraugos arT apskatita otras optiskas harmonikas generacija,
kas ir jutiga pret kristaliska rezga simetrijas mainu. Konstatéts, ka pieliekot mainigu elektrisko
lauku AP luminiscences intensitate pieaug. Otras harmonikas intensitates meérijjumi liecina, ka
palielinot elektrisko lauku polaras fazes koncentracija pieaug. Palielinot paraugu temperatiiru,
noveérojamas izteiktakas luminiscences intensitates izmainas. Tas skaidrojamas ar pilnigaku
pareju uz nepolaro fazi nonemot lauku pie augstakam temperatiram, ko apstiprina
polarizacijas histerézes cilpu merijjumi.

Apkopojot rezultatus, tika izdariti secinajumi par luminiscences modulacijas lielumu ar
elektrisko lauku un parauga temperatiiras ietekmi uz modulacijas stiprumu.

Modulation of luminescence intensity with electric field in Er®* doped NaosBiosTiO3

Dace Nilova, Guna Krieke, Eriks Birks
Institute of Solid State Physics, University of Latvia

Deviations in up-conversion (UC) luminescence intensities of non-polar and electric field-
induced polar states has been observed in rare earth (RE) doped NaosBiosTiOz (NBT) which
allows to modulate luminescence intensity with electric field.

In the course of this work, NaosBiosTiOs: Er¥*, Yb** samples doped with 0.1-1.2 mol% Er®*
and 0.0-1.5 mol% Yb*" were analyzed.

UC luminescence spectra and polarization hysteresis loops were measured for the samples
using 980 nm excitation and simultaneous application of an electric field. In addition, second
harmonic generation was analyzed, which is sensitive to the change of crystal lattice symmetry.
It was found that when variable electric field was applied to the sample, the UC luminescence
intensity increased. Measurements of the second harmonic generation intensity showed that as
the electric field increases, the concentration of the polar phase increases. As the temperature
of the samples increased, more pronounced changes in luminescence intensity were observed.
This effect can be explained by a more thorough transition to the non-polar phase at high
temperatures when the electric field was removed, which is confirmed by polarization
hysteresis loops. Summarizing the results, conclusions about the magnitude of the
luminescence modulation with the electric field and the effect of the sample temperature on the
modulation strength were made.
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