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OPTISKAS IPASIBAS UN
ORGANISKIE MATERIALI



PROFESORAM KURTAM SVARCAM - 80 GADI

J. Jansons
Latvijas Universitates Cietvielu fizikas institiits

Profesors Kurts Svarcs ir viens no ievérojamakiem Latvijas Universitates
sagatavotajiem otras paaudzes fizikiem. Vin$ dzimis 1930. gada 27. aprili Riga. Péc
vidusskolas absolvéSanas 1949. gada ka teicamnieks vins iestajas Latvijas Valsts
universitates (LVU) Fizikas un matematikas fakultate (FMF). Lidztekus macibam un
darbam par laborantu Rigas Medicinas institita (RMI) Fizikas katedra K. Svarcs aktivi
iesaistfjas Studentu zinatniskaja biedriba. Vinu aizrava eksperimentala pétnieciba. Doc.
L. Jansona vadiba vins$ saka pétit sarmmetalu halogenidu kristalu optiskas ipasibas. FMF
vin$ pabeidza 1954. gada, aizstavot diplomdarbu ,Kristalu krasu centru iespaids uz
pleohroismu”. Loti labas sekmes vinam ]ava tilit iestaties trisgadigaja aspirantiira LVU.

Aspirants K. Svarcs macijas un pétijumus veica gan LVU, gan ari Tartu Fizikas un
astronomijas instittita, kur tad bija labaki zinatniska darba apstakli. P&c aspirantiiras
beigsanas vinu norikoja no 1957. gada 1. novembra darba FMF Eksperimentalas fizikas
katedra par asistentu, bet vins arT turpindja p&tniecibu, lai ieglitu zinatnu kandidata gradu.
1958. gada tika publicéti vina pirmie 3 zinatniskie darbi par luminiscenci sarmmetalu
halogenidu kristalos. K. Svarcs savus pétijumus apkopoja disertacija ,,Luminiscences
dzesanas procesi sarmmetalu halogenidu kristalos” un sekmigi to aizstavéja 1960. gada
Tartli Valsts universitate. Peéc tam 27. augusta vinu ievél&ja par vecako pasniedz&ju FMF
Visparigas fizikas katedra.

Vissavienibas Augstaka Atestacijas komisija (VAAK) 1961. gada 18. februart
K. Svarcam apstiprinaja fizikas un matematikas zinatnu kandidata gradu, ka ari vecaka
zinatniska lidzstradnieka nosaukumu cietvielu fizika. Neapmierinats ar zinatniska darba
iespgjam LVU, K. Svarcs pieteicas konkursa uz vec. zin. lidzstradnieka vietu LZA
Fizikas institiita, tika iev€l&ts un tur saka stradat no 1961. gada 15. augusta, palickot LVU
FMF par stundu pasniedzgju.

1961. gada 26. septembrt tika iedarbinats Salaspils Atomreaktors, kas deva iespgjas
izmantot ta joniz&joSo starojumu cietvielu ipasibu pétijumos. K. Svarcs 1962. gada
20. janvari kluva par Jonu kristalu radiacijas fizikas laboratorijas vaditaju un no
1. augusta arT par institiita direktora vietnieku zinatniskaja darba. Laboratorijas darbinieki
K. Svarca vadiba saka pétit radiacijas energijas parnesi, akumulaciju, relaksaciju un
raditos defektus kristalos. Izdalit no reaktora kopgjas radiacijas nepiecieSamo starojuma
veidu, intensitdti un dozu palidzga kodolfizikis J. Kristapsons. Lidztekus
fundamentalajiem pétijumiem tika izstradata litija fluorida termoluminiscento dozometru
sistéma ,,Telde”, kuru plasi ieviesa personala un pacientu kliniskaja radiologija. Saja
joma aktivu lidzdalibu veica V. Gotlibs, D. Gubatova un J. Nemiro no RMI. Par to
K. Svarcam ar darba biedriem vélak 1977. gada pieskira LPSR Valsts prémiju.

K. Svarcs 1970. gada apkopoja savus pétijumus par luminiscences un jonizgjosa
starojuma energijas akumulacijas procesiem kristalos zinatnu doktora disertacija un to
sekmigi aizstavéja PSRS ZA Fizikas institita. 1971. gada vigu ievélgja par LZA
korespondétajlocekli. 1976. gada VAAK vinam pieskira profesora nosaukumu cietvielu
fizika. No 1974. gada Iidz 1984. gadam vin$ lidztekus stradaja Rigas Civilas aviacijas
instithta par Fizikas katedras vaditaju.

P&c luminiscences pétijumiem K. Svarcs kopa ar J. Ekmani noskaidroja radiacijas
koloidu veidosanos dabu jonu kristalos, bet kops 1970. gadiem pieversas fotoinducétiem
procesiem, dinamiskai holografijai un nelinearas optikas paradibam neorganiskos
materialos. Kopa ar P. Augustovu pétija fotorefrakciju LiNbO3; un LiTaO; kristalos, ar



J. Kristapsonu — fotohromas paradibas optiskos materialos, ar A. Ozolu un M. Reinfeldi —
holografiska ieraksta pastiprinasanas efektu amorfajos pusvaditajos, kopa ar P. Stradinu —
visparigo modeli fototermiskam reakcijam gaismas jutigajas kartinas un vélak kopa ar
A. Ozolu — elektronu-fononu atras mijiedarbibas, ierosinatas ar lazera pikosekunzu
impulsiem plasa spektra apgabala.

LZA Fizikas institita 1976. gada tika izveidota Specializéta Zinatniska padome
zinatgu kandidata un doktora grada aizstavesanai fizika Latvija, par kuras priekSsedéetaju
ievélgja Dr. K. Svarcu. Saja Padomé tika aizstavéti vairaki simti disertaciju, no kuram
nevienu nenoraidija VAAK Maskava, kas liecina par loti augsto prasibu Itmeni, kadu
uzstadija pret disertantiem Dr. K. Svarca vadita Padome.

Jau no 1959. gada katru otro gadu pamiSus Igaunija un Latvija notika ta saucamie
Baltijas seminari par sarmmetalu halogenidu fiziku, kas pulcgja fizikus no visas PSRS.
Bez tam ik pa tris gadiem tika rikota Vissavienibas apspriede par jonu kristalu radiacijas
fiziku un kimiju. To sariko3ana loti aktivu dalibu néma Dr. K. Svarcs. Bet 1981. gada no
18. [idz 23. maijam Riga ar lielu aizrautibu un pilém tika noorganizeta plasi parstavéta
starptautiska konference ,,Defects in Insulating Crystals”, kuras viens no galvenajiem
organizétajiem bija Dr. K. Svarcs. Tas viss loti palidz&ja misu fizikiem klat labi
pazistamiem gan PSRS, gan ar1 visa pasaulg.

Ta Dr. K. Svarcs nodibindja sakarus ar daudziem pasaules ievérojamakiem
fizikiem. Vip$ bija vismaz 25 arzemju komand&umos uz konferencém vai ka
viesprofesors; tika iev€léts vairakas zinatniskas padom@s un zurnalu redkolégijas,
ieskaitot popularzinatnisko Zurnalu ,,Zinatne un Tehnika”. 1991. gada Dr. K. Svarcu
ievelgja par LZA 1steno locekli.

1992. gada prof. K. Svarcu uzaicinaja uz Heidelbergas universitati Vacija par
viesprofesoru, kur vin$ nostradaja lidz 1994. gadam. P&c tam vins turpina stradat lidz
Sodienai Darmstadt€ Smago jonu radiacijas fizikas instittuta ka viesprofesors. Vins kopa
ar kolégiem péta smago jonu radiacijas izraisitos procesus dielektriskajos materialos.
Vip$ turpina arT uzturét sakarus zinatniskaja darba ar LU CFI darbiniekiem Dr.
[1zi Maniku un Dr. Jani Maniku.

Prof. K. Svarcs publicgjis 5 monografijas, 3 popularzinatniskas gramatas, ap
300 zinatniskus darbus un daudzus popularzinatniskus rakstus; novadijis 36 zinatnu
kandidata un 4 zinatnu doktora disertacijas. Pedgjos 10 gados vien vins kopa ar
lidzautoriem publicgjis 38 rakstus zinatniskajos zZurnalos. Atliek vien novélét profesoram
Kurtam Svarcam labu veselibu un daudz gara energijas pétnieciba un privataja dzive.

PROFESSOR KURT SCHWARTZ - 80TH ANNIVERSARY

J. Jansons
Institute of Solid State Physics, University of Latvia

Professor Kurt Schwartz is one of the most outstanding physicists of the second
generation graduates of the University of Latvia. He was born on 27 April, 1930, in Riga.
After finishing a secondary school in 1949 with good grades, he entered the Faculty of
Physics and Mathematics. In 1954, he graduated from it with high marks and
immediately enrolled into a post-graduate course. Soon after that he became an assistant
at the Chair of Experimental Physics and continued his research work to obtain a degree.
In 1960, he defended his thesis at Tartu University and in 1961 became a senior research
associate, which enabled him to start research work at the Institute of Physics of the



Latvian Academy of Sciences (LAS) where in 1962 he was appointed Head of the
Laboratory of Physics of Ionic Crystal Radiation. In 1970, K. Schwartz defended the Dr.
phys. thesis at the Institute of Physics of the USSR Academy of Sciences. In 1976 he was
awarded professorship in solid states physics and in 1991 he became the Full member of
LAS.

In 1992 Professor K. Schwartz was invited to the University of Heidelberg, Germany in
the capacity of a visiting professor. Starting with 1994 he transferred to GSI, Darmstadt,
Germany where he still works as a visiting professor.

Professor K. Schwartz has published 5 monographs, 3 popular science books, about 300
scientific works and a great number of popular science works; he has supervised 36 Dr.
phys. and 4 Dr. habil. phys. dissertations. A more detailed analysis of Professor Kurt
Schwartz’s life and scientific achievements will be presented in the report.



SULFIDU NANOSTRUKTURU OPTISKAS IPASIBAS

A. Petruhins', B. Polakovs', E. Tamanis?, 1. Tale', P. Kiilis'
ILal‘vijaS Universitates Cietvielu fizikas institiits
’G.Liberta Inovativas mikroskopijas centrs, Daugavpils Universitate

Impulsu lazerablacija ir vienkarSa un &rta metode plano kartinu iegtiSanai un pie
optimaliem uzputinasanas apstakliem kartina ir nanokristaliska un augstas kvalitates. Ta
ka metode lauj erti vienlaicigi uzklat vairakus materialus, tad iesp&jams iegiit dazadas
nanostruktiiras ar dazadam optiskajam ipasibam.

Petijuma tika iegttas PbS, CdS un PbS/ZnS planas kartinas uz dazadam
pamatn€m, izmantojot impulsu lazerablacijas metodi. legiitiem paraugiem tika mériti
optiskas absorbcijas spektri. legutas aizliegtas zonas vertibas apstiprina mazu
nanokristalu izméru esamibu planaja kartina. Dazadu optisko ipaSibu iegtSanai tiek

veidotas nanostruktiiras, izmantojot dotos materialus dazadas kombinacijas.

OPTICAL PROPERTIES OF SULFIDE NANOSTRUCTURES

A. Petruhinsl, B. Polyakovl, E. Tamanisz, 1. Talel, P. Kulis'
!Institute of Solid state physics, University of Latvia
’G.Liberta innovative microscopy centre, Daugavpils’ University

Pulsed laser deposition is a flexible method for deposition of thin films and under
optimal conditions, thin film is nanocrystalline and high quality. As it is possible to
simultaneously deposit several materials, nanostructures with different optical properties
can be obtained.

In this study, PbS, Cds and PbS/ZnS thin films on different substrates were made
using pulsed laser deposition technique. Optical absorption spectra were measured for
deposited samples. Bandgap values obtained from absorption spectra show quantum
confinement effects in samples. Various combinations of given materials were used to

achieve different optical properties.



LOKALIZETO STAVOKILU LUMINISCENCE Si0O»-Si UN SiO;-Al STIKLOS

A.Truhinsl, A.éarakovskisl, J.Grﬁbel, D.L.Griscom’
'Latvijas Universitates Cietvielu fizikas institits
impactGlass research international, Tucson, USA

Mgs péttjam luminiscenci ar siliciju (SiO,-Si) vai aluminiju (Si0,-Al) aktivétiem silicija dioksida
paraugiem. lerosme tika veikta ar ArF lazeru (193 nm) temperatiiras intervalal5 -290 K. Abos
paraugos noverotas divas luminiscences joslas — zila pie 440 nm un ultravioleta (UV) pie 280 nm
- saistitas ar skabekla deficita centriem (ODC). Dzes€Sana Iidz 80 K noved pie luminiscences
intensitates stipras pieaugSanas, tacu mazu intensitates izmainu no 80 K Iidz 15 K. SiO,-Si
parauga pie 290 K ODC luminiscence atgadina ta saucama divkoordingta silicija centra
luminiscenci, kuras dziSanas kin&tika ir eksponenciala ar laika konstanttm10.3 ms un 4.5 ns
atbilstosi zilajai un UV joslai, kas labak novérojams ierosinot ar KrF lazeri (248 nm). Dzesés$anas
rezultata pieaugusi luminiscence uzrada citus dziSanas kin&tikas parametrus. Zilajai joslai ta ir
neeksponenciala un 1saka par ~ 400 ps, kas ir daudzkart atraka par 10 ms. Savukart UV joslai, bez
atras kinétikas, paradas vel kingtika, kas ir 1&€naka par 4.5 ns. ArT 51 kingtika ir neeksponenciala un
ilgst no 2 Iidz 5 ps. UV joslas dziSanas laika pagarinaSanos saistam ar rekombinativiem
procesiem. Temperatiiras diapazons, kurd mes noveérojam luminiscences intensitates un dziSanas
kingtikas izmainas koreleé ar autolokalizéta cauruma termiskas aktivacijas temperatiras
diapazonu. legiitie rezultati lauj secinat, ka ArF lazers inducg€ elektronu procesus lokaliz&tos
stavoklos, notiek autolokaliz&€tu caurumu veidoSanas un elektronu sakerSana uz skabek]a deficita
centra. So centru rekombinacijas procesi neatkiras pétitajos paraugos un to rezultata rodas
novérota luminiscence.

LUMINESCENCE OF LOCALIZED STATES IN SiO,-Si AND SiO,-Al GLASSES

A. N.Trukhin', A.Sharakovski', J.Grube', D.L.Griscom’
!Solid State Physics Institute, University of Latvia
‘impactGlass research international, Tucson, USA

Silica glass samples doped with silicon (SiO,-Si) and with aluminum (Si0,-Al) were studied. The
luminescence properties of these two samples are compared in the range of temperature 15 -290
K under excitation of ArF excimer laser (193 nm). The luminescence of oxygen deficient centers
(ODCs) is detected, i.e., emission bands in the blue at 440 nm and the UV at 280 nm. Cooling of
the both samples led to strong increases of luminescence intensity down to 80 K with much
smaller increases for still lower temperatures. At 290 K in SiO,-Si a luminescence similar to that
of twofold-coordinated silicons in silica glasses was detected, i.e., displaying exponential decay
of emission bands in the blue (t=10.3 ms) and UV (t=4.5 ns). In both samples significant
emission at 440 nm occurs in times shorter that ~400 us, according to a non-exponential decay
law. These decay times are much faster than the 10.3 ms exponential decay typical of the
twofold-coordinated silicon center in pure undoped silica. Conversely, the decay of the UV band
is found to be much slower than 4.5 ns typical of lone twofold-coordinated silicons ranging
instead from 2 to 5 ps. Prolongation of the decay time of UV emission can only be explained in
terms of electron-hole recombination processes. Moreover, the observed diminishing of the
luminescence intensity concomitant with acceleration of decay times with increasing temperature
above 90 K is found to be correlated with thermally activated recombination of self-trapped holes
in pure silica. It is concluded that the ArF-laser induced electronic processes of recombination
luminescence in SiO,-Si (and SiO,-Al) are related to trapping of an electron on a localized state
related to oxygen deficiency and nearby trapping of a hole on a normal bridging oxygen, forming
an STH.



HEKSAGONALA BORA NITRIDA LUMINISCENCE ZEMO
TEMPERATURU RAJONA

V.Korsaks, B.Bérzina, L.Trinklere
Latvijas Universitates Cietvielu fizikas institiits

LU CFI Platzonu materialu laboratorija jau daudzus gadus ar spektralam metodém tiek
pétiti dazadu modifikaciju heksagonala bora nitrida (h-BN) materiali. Paslaik tiek veikti
mérjjumi pie zemam temperatiiram, kas sniedz papildus informaciju par luminiscences
centriem un gaismas raditiem procesiem materiala.

Saja darba tiek zinots par fotoluminiscences spektriem temperatiiru intervala no 8
K Iidz 300 K makroizméru h-BN pulverim un nanomaterialam, ko veido h-BN
daudzsieninu nanocaurules (BNNT). Materials tiek ierosinats ar 266 nm impulsu lazera
starojumu. Visa temperatiiru rajona tiek nove€rotas jau zinamas luminiscences joslu
grupas 300 nm, 400 nm un 500 nm apgabalos, kas veido salikto luminiscences spektru.
Plata 400 nm josla ar tas izteikto fononu sikstruktiiru ir domin€josa nanomateriala. Tas
izcelsme pasreiz tiek saistita ar eksitonu procesiem pie slapekla vakancém. Tika novérots,
ka 400 nm joslas sikstruktiiru veidojoSo apak$joslu intensitaSu attieciba mainas,
pazeminoties parauga temperatirai. Platas 500 nm luminiscences joslas gadijuma tika
konstatéts, ka So joslu raksturojoSie parametri (maksimuma novietojums, pusplatums,
intensitate) ir butiski atkarigi no priekSapstrades (karséSana, apstarosana ar UV gaismu)
un argjiem apstakliem (paraugs atrodas vakuuma vai gaisa), kas apstiprina, ka So salikto
joslu rada dazadi virsmas defekti.

LUMINESCENCE OF HEXAGONAL BORON NITRIDE
AT LOW TEMPERATURES

V.Korsaks, B.Bérzina, L.Trinklere
Institute of Solid State Physics, University of Latvia

During the last years different modifications of hexagonal boron nitride (h-BN) materials
are investigated with various spectral methods in Laboratory of Wide Band Gap
Materials, ISSP University of Latvia. Currently the studies at low temperatures are
running on, giving additional information about the centers of luminescence and light-
induced processes in material.

The photoluminescence spectra of the macrosize h-BN powder and nanomaterial
consisting of the multiwalled h-BN nanotubes (BNNT) observed within the broad
temperature range from 8 K up to 300 K are studied and reported. The material was
excited with the 266 nm light from a pulse laser. The luminescence spectral groups at 300
nm, 400 nm and 500 nm forming the total complex luminescence spectrum previously
known are observed within the wide temperature range. The broad 400 nm band with its
well resolved phonon structure is predominant in the nanomaterial. At present its origin is
related to the excitonic processes influenced by the nitrogen vacancies. It was found that
the ratio of the sub-bands intensities is sensitive to the temperature within the studied
range. It was observed that in the case of the broad 500 nm luminescence band its
characteristic parameters (maximum position, band’s half-width, intensity) are strongly
depend on the pretreatment of the material (preheating, irradiation with UV light) and
external conditions (the sample is located in vacuum or in air). It allows conclusion that
this complex luminescence band is caused from different surface defects.



AR Er** JONIEM AKTIVETA NaLaF, SINTEZE UN
LUMINISCENCES IPASIBAS

G.Doke, J.Griibe, A.Sarakovskis, M.Springis

Latvijas Universitates Cietvielu fizikas institits
Ar retzemju joniem aktiveti kompleksie fluoridi ir perspektivi materiali infrasarkana
starojuma parveidosanai redzamaja. Tie ir kimiski stabili un raksturojas ar zemu fononu
energiju, kas samazina bezizstarojuma parejas varbutibu, tadéjadi paliclinot starojuma
parveidoSanas efektivitati.
ST darba merkis bija sintezét NaLaF4Er'™ ar kimisku metodi un pétit materiala
luminiscenci. Prezentacija tiks apskatiti galvenie sintézes procesa aspekti un NaLaF,4:Er’*

spektroskopiskas 1pasibas.

SYNTHESIS AND LUMINESCENCE PROPERTIES OF
NaLaF4;ACTIVATED WITH Er’* IONS

G.Doke, J.Grube, A.Sarakovskis, M.Springis
Institute of Solid State Physics, University of Latvia
The complex fluorides are promising material for the up-conversion luminescence. It can
be explained by relatively high chemical stability of the fluorides and also small effective
phonon energy of the materials, which suppresses the rate of nonradiative transitions,
enhancing the efficiency of the up-conversion processes.
The aim of the current research was to synthesize NaLaF,:Er’" material by wet-chemistry
method and to study the up-conversion luminescence. In the presentation the synthesis
route will be described and the main spectroscopic parameters of the material will be

evaluated.
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AR TERBIJU UN ITERBIJU AKTIVETU OKSIFLUORIDU STIKLU UN
STIKLA KERAMIKU KATODLUMINISCENCE

E. Elsts, U. Rogulis, J. Jansons, A. Sarakovskis
Latvijas Universitates Cietvielu fizikas institiits

Ar Terbiju aktivéti oksifluoridu stikli var but perspektivi scintilatori [1], pie kam,
izveidojoties stikla keramikai, novérota to efektivitates paaugstinasanas.

Misu darba veikti katodluminiscences spektru un kinétiku pétijumi CFI iegiitos
oksifluoridu stiklos un stikla keramika ar sastavu SiO; - Al,0; - Na,COs - LaF; - NaF, kam
dazadas koncentracijas pievienoti aktivatori Tb,Os, TbF3, YbFs.

Katodluminiscences spektros noveérojamas raksturigas Tb luminiscences joslas, referata
tiks apspriestas to relativas intensitates un kinétikas pétitajos oksifluoridu paraugos.

[1] Z. Pan et al, Terbium-activated lithium-lanthanum-aluminosilicate oxfluoride
scintillating glass and glass-ceramic, Nucl. Instr. and Meth. in Phys. Res. A 594 (2008)
215-219.

CATHODOLUMINESCENCE OF TERBIUM AND YTTERBIUM ACTIVATED
OXYFLUORIDE GLASSES AND GLASS CERAMICS

E. Elsts, U. Rogulis, J. Jansons, A. Sarakovskis
Institute of Solid State Physics, University of Latvia

Terbium activated oxyfluoride glasses could be prospective as scintillators [1] and, after
forming of glass ceramics, the efficiency improvement have been observed.

We have studied cathodoluminescence spectra and decay kinetics of the oxyflouride
glasses and glass ceramics samples obtained in the ISSP with the following composition
Si0, - AlLOs - Na,CO; - LaFs; - NaF, activated by Tb,Os, TbFs;, YbF; in various
concentrations.

Cathodoluminescence spectra showed the characteristic Tb luminescence bands, in the
present report we will discuss the intensity relations and decay times of the studied
oxyfluoride samples.

[1] Z. Pan et al, Nucl. Instr. and Meth. in Phys. Res. A 594 (2008) 215-219.
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KARBAZOLA ATVASINAJUMA MATRICAS FIZIKALAS IPASIBAS
ELEKTROLUMINISCEJOSAS SISTEMAS

K.Pudzs', A.Vembris', M.Porozovs', J.V.Grazulevicius’
Latvijas Universitates Cietvielu Fizikas institits, Latvija
2Kaunas Tehnologiska universitates Organiskas Tehnologijas nodala, Kauna, Lietuva

Organiskas gaismu emit€josas diod€s liela nozime ir materialiem, kuriem ir
lidzigu elektronu un caurumu vaditsp&ja. Bipolaro savienojumu kartinas diozu struktiiras
izmanto gan ka tirus slanus, gan matricu, kura ievieto elektrofluorisc§josas vai
elektrofosforisc€josas molekulas. Abos gadijumos, lai veidotu diozu struktiiru, ir
nepiecieSams izpétit So vielu veidoto Kkartinu elektriskas ipaSibas un energétisko
struktiiru. Galvenokart organiskie savienojumi ir raksturigi ar izteiktu caurumu
vaditspeju, tapec aktuali ir organiskie savienojumu ar bipolaram ipasibam. Ka vieni no
Sadiem bipolariem materialiem ir karbazola atvasinajumi.

Darba tiek apskatita originala karbazola atvasinajuma (JS97) elektriskas ipasibas,
kas pétitas ar telpas ladinu ierobezoto stravu metodi. Tas lauj novértét ladinnes&ju
injekcijas apstaklus, ka ari ladinneséju lamatu energétisko sadalijumu. PE&tijumos
izmantota no Skiduma pagatavota kartina ar biezumu ar kartu 0,5um. Ka elektrodi ir
izmantoti ITO, Ag un Al slani. Ir zinams, ka no ITO un Ag elektrodiem SJ97 kartina var
injicét caurumus, bet no Al — elektronus.

Darba ir salidzinati rezultati tris veida paraugiem — tirai JS97 kartinai, JS97
kartinai ar fluorescgjosam Alqs molekulam un JS97 kartinai ar fosforisc&josam Ir(ppy)s
molekulam.

STUDIES OF PHYSICSL PROPERTIES OF CARBAZOLE DERIVATIVE
MATRIX FOR ELECTROLUMINISCENCE SYSTEMS

K. Pudzs], A.Vembrisl, M.Porozovs], J.V.Grazulevicius®
! Institute of Solid State Physics of University of Latvia, Latvia
’Department of Organic Technology of Kaunas University of Technology,
Kaunas, Lithuania

Bi-polar organic material (electron and hole mobility is of same order) is very
important for organic light emitting diodes (OLED). Carbazole derivatives are one of
them.

In this work, we have studied electrical properties and energy structure of novel
carbazole derivative (JS97) thin films. The organic films were prepared by spin-coating
method with the thickness of the order of 0.5um. It allows applying space charge limited
current method to characterise charge carrier injection and energy distribution of traps in
the thin films. For injection of holes ITO, Ag electrodes and for injection of electrons Al
electrodes were applied. For application of carbazole derivative thin film in OLED
structure, the matrix of bipolar compound SJ97 with incorporated electrofluorescent Alq3
molecules or electrophosphorescent Ir(ppy); molecules are studied as well.

In this work the results of electrical properties and energy structure (namely,
energetical distribution of traps) of all three types of thin films are compared.
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DMABI ATVASINAJUMU FOTOELEKTRISKAS TPASIBAS
DAUDZSLANU KARTINAS

M. Indrikova®, J. Latvels®, K. Pudis®, P. Pastors’, V. Kampars®
“Latvijas Universitates Cietvielu fizikas institiits
®Rigas Tehniska Universitate

Uz organiskiem materialiem balstitu saules elementu izveide paslaik ir inovativs,
taja pasa laika perspektivs novirziens. Saules elementa lielakai efektivitatei ir butiski, lai
molekulas un polimérs absorbétu gaismu péc iesp€jas plasaka saules spektra apgabala,
tadel ir nepiecieSami fotoelektriskie petijumi un, lai palielinatu iesp&ju absorbét plasaku
saules starojuma spektru, tika meklétas jaunas organiskas molekulas, kuru absorbcijas
spektrs ir tuvaks saules starojuma spektram.

Viena no $adam molekulam ir dimetilaminobenziliden-1,3-indandions (DMABI),
kas ir organisks izolators ar platu aizliegto energisko spraugu (~1.9eV) un labam
fotogeneracijas ipasSibam.

Sadarbiba ar kimikiem tiek mekléti dazadi DMABI atvasinajumi, méginot atrast
savienojumus, kuriem fotogeneracijas ipasibas bis péc iesp€jas lielakas.

Veicot pétijumus tika izmantotas un veidotas slanpainas struktiras ar vakuuma
sublimé&Sanas metodi.

Elektriskajiem mérjjumiem tika izmantota telpas ladina ierobeZoto stravu metode.
S metode apraksta stravas, sprieguma un parauga biezuma savstarpgjo atkaribu.

PHOTOELECTRICAL PROPERTIES OF DOUBLE - LAYERS FILMS
OF DMABI DERIVATIVES

M. Indrikova®, J. Latvels®, K. Pudis®, P. Pastors”, V. Kampars®
“Institute of Solid State Physics, University of Latvia
"Riga Technical University

Solar cells based on organic materials presently is innovative and at the same time
perspective field. To achieve higher efficiency of solar cell, it is important that molecule
absorbs light in spectral region close to sun spectrum. Therefore photoelectrical
investigations are necessary. To increase a possibility to absorb wider solar spectrum, it is
necessary to search new organic molecules with absorption spectrum similar to sun
spectrum.

One of such molecules is dimetilaminobenziliden-1,3-indandion (DMABI).

DMABI is organic isolator with wide band gap (~1.9e¢V) and high photogeneration
quantum efficiency. In collaboration with chemists different derivatives of DMABI were
studied, trying to find compounds with better photogeneration properties.

In our work we used “sandwich type” samples which were made by vacuum
evaporation method.

For electrical measurements a space charge limited current method was used. It
describes interdependence of current, voltage and the thickness of sample.
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DMABI ATVASINAJUMU PLANO KARTINU ENERGETISKO PARAMETRU
NOTEIKSANA AR KELVINA ZONDES UN ELEKTROKIMISKAJAM METODEM

J.Sipols', J. Latvels', I. Muzikante', B. Turovska’
!Cietvielu fizikas institiits, Latvijas Universitate, Riga, Latvija
? Latvijas Organiskas sintézes institits, Riga, Latvija

Domajot par kompleksas sistémas izveidi, piemeéram, saules elementiem, ir jazina tajas
izmantoto komponens§u energgtiskie parametri, lai varétu gan paredz&t novérojamos efektus, gan
ar1 tos uzlabot, mainot pasas komponentes pilniba vai dal&ji nomainot to funkcionalas grupas.

Dimetilaminobenziliden-1,3-indandiona (DMABI) organiska molekula (skatit attelu) ir
paradijusi labas 1pasibas, lai jau piemin&tajos saules elementos tiktu izmantota, tas ir, tai piemit
absorbcijas spektrs Saules starojuma spektra un ir aizliegta zona ~1.9 eV [1].

Energétisko parametru novértésanai tika izmantota Kelvina zondes metode [2], kas lauj
noteikt apaksgja elektroda (ar DMABI) virsmas potencialu un péc tam izejas darbu (jonizacijas
energiju DMABI gadijuma).

Ar elektrokimisko metozu palidzibu savukart ir iesp&jams noteikt savienojuma
oksidésanas un reducéSanas potencialus, kas raksturo molekulas elektronu jonizacijas un
elektronu afinitates veértibas. Darba ir salidzinati iegiitic eksperimentalie un teor&tiskie [3]
rezultati un analiz&ta to pielietoSana polaro organisko savienojumu plano kartinu energgtiskas
struktiiras noteikSana.

DETERMINATION OF ENERGETICAL PARAMETERS OF THIN FILMS OF DMABI
DERIVATIVES BY KELVIN PROBE AND ELECTROCHEMICAL METHODS

J.Sipolsl, J. Latvels', I. Muzikante', B. Turovska®
!Institute of Solid State Physics, University of Latvia, Riga, Latvia
? Latvian Institute of Organic Synthesis, Riga, Latvia

CH;

When one wants to create a complex system, for 7) N\CH3
example, a solar cell, he needs to know energetical parameters of /©/
used components in order to predict observations as well as make C
them better by fully changing used components or by partly
changing their functional groups. 0

Dimethylaminobenzylidene-1,3—indandione (DMABI —  Chemical formula of DMABI
see figure) organic molecule has shown good properties, so that it molecule
could be used in solar cells, namely, it has absorption spectrum within emission spectrum of the
Sun and it has a band gap of ~1.9 eV [1].

To determine energetical parameters, Kelvin probe [2] was used. It gives information
about surface potential of used system (with DMABI) and after that it is possible to attain work
function (ionization potential in case of DMABI).

With the help of electrochemical methods it is possible to determine ionization and
oxidation potentials, which characterize electron ionization and affinity of the molecule. In this
work a comparison between experimental and theoretical [3] results is presented and analyzed
their usage in determination of polar organic compound’s energetic structure.

References:

1. LKaulach, E.Fonavs, I.Muzikante, A.Tokmakov, Influence of poling on charge trapping in PMMA doped with
dimethylaminobenzylidene 1,3 — indandione, Latv.J. Phys. Technical Sciences, No.4, pp.63 - 70, 2005

2. J.Sipols, [.Muzikante, E.Fonavs, Photoelectrical properties of indandione chromophore in solid state, Latvian
Journal of Physics and Technical Sciences, 2009, Vol. 46, no.3, pp. 16-22.

3.  M.ARutkis, A.Vembris, V.Zauls, A.Tokmakovs, E.Fonavs, A.Jurgis and V.Kampars, SPIE Proceedings, 6192
(2006) 6192Q5.
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AZOBENZOLU SAVIENOJUMU FOTOIZOMERIZACIJAS
PROCESI PLANAS KARTINAS

lB.Niparte, 1E.Laizz‘me, 2D.Gustil,la
!Latvijas Universitates Cietvielu fizikas institiits
2Latvijas organiskds sintézes institiits

Molekularam slédzim viena no 1pasibam ir molekulas sp€ja pagriezties cita stavokli
argjas iedarbibas rezultata, tadejadi izmainot, piemeéram, molekulas dipola momenta
vertibu. Ka vienas no tadam molekulam ir azobenzolu savienojumi, kuras apstarojot ar
noteiktu vilpu garumu, ir novérojama pareja starp diviem izom@ra trans- un cis-
stavokliem.

Plasi tiek peétitas dazadu polaru azobenzolu savienojumu fotoierosinata virsmas
potenciala izmainas fotoizomerizacijas procesa un veikta to salidzinaSana, veidojot datu
bazi, ko bis iesp&jams izmantot, lai izraudzitos piemérotakas vielas ieceres istenosanai.
Azobenzola molekulu raksturoSanai tiek izmantotas tadas veértibas ka fotoierosinata
virsmas potenciala veértibas un atruma izmainas trans/cis fotoizomerizacija, ka ari
optimala molekulu koncentracija poliméra matrica. Darba ir izpétita polim&ru plano
kartinu ar azobenzola atvasinajumu A-45 fotoierosinata virsmas potenciala spektralas
atkaribas. Poliméru kartinas ar 7 dazadam A-45 molekulu koncentracijam ir iegttas ar
rotgjoso uzklasanas metodi uz ITO stikliem un péc tam molekulas ir orientétas ar koronas
izlades metodi. Fotoierosinatas virsmas potenciala izmainas ir noteiktas Kelvina zondes
metodi. Parauga gaismosana notiek ar gaismas vilpa garumu, kas atbilst molekulas
trans—cis (360nm) un cis—trans (450nm) parejai. Pie optimalas A-45 molekulu
koncentracijas PMMA matrica ir pétits fotoierosinatas virsmas potenciala izmainas
spektrs UV-redzamas gaismas spektra rajona.

PHOTOISOMERIZATION PROCESSES OF THIN — LAYER FILMS
OF AZOEBNZENE COMPOUNDS

'B.Niparte, 'E.Laizane, D.Gustina
"Institute of Solid State Physics, University of Latvia
’Latvian Institute of Organic Synthesis

One of the most important properties of the molecular switches is turning of the molecule
by external action, for example by irradiation with definite wavelength. In the case of polar
molecule the changing dipole moment is expected. One of the perspective molecules for
molecular switches is azobenzene. When azobenzene is irradiated with definite wavelength, it is
possible to observe process of trans—-cis and cis—trans isomerisation.

In this work the influence of photoisomerization processes on changes of surface
potential of novel compounds of azobenzene are investigated. The data basis of photoinduced
changes of surface potential in dependence of molecule, concentration of molecules in polymer
matrix would be useful for further experiments. We have studied surface potential of PMMA
polymer film with A-45 with 7 different concentrations. The corona poling method was used to
molecules in
the polymer film. For studying of the changes of surface potential Kelvin probe method was used.
The sample was irradiated with wavelengths corresponding to trans—-cis (at 360nm) and
cis—trans (at 450nm) isomerisation. The spectral dependence of photoinduced surface potential
in UV-vis spectral region was studied as well.
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INDANDIONA ATVASINAJUMU MOLEKULARAS
HIPERPOLARIZEJAMIBAS MERIJUMI IZMANTOJOT HIPER RELEJA
GAISMAS IZKLIEDI

A.Tokmakovsl, M.Rutkisl, A.Ernstsonsl, V.Kampars2
ILal‘vijas Universitates Cietvielu fizikas Institits
2 - . - . . =
Rigas Tehniska universitate

Organiskie materiali ar mazo dielektrisko konstanti, un lielo nelineari-optisko
(NLO) efektivitati piesaista arvien lielako zinatnisko un tehnologisko interesi NLO iericu
izgatavoSana. Tie tiek uzskatiti par pamatu super atrdarbigu elektro-optisko modulatoru
un slédzu radiSanai. Lai raksturotu molekulas NLO efektivitati parasti izmanto
molekularas hiperpolarizejamibas koeficientu (f), kuru iesp&jams aprékinat izmantojot
kvantu kimijas (KK) metodes vai eksperimentali noteikt Skidumos izmantojot Hiper
Releja gaismas izkliedes (HRI) metodi. Lidz §im LU CFI Organisko materialu
laboratorija izmantoto hromoforu NLO 1paSibas tika novertétas balstoties uz teor&tiski
aprékinatajam g vertibam. PaplaSinot laboratorija pieejamo eksperimentalo metozu klastu
2009. gada tika ieviesta HRI metode. Referata tiks apskatita korelacija starp
eksperimentali noteiktajam un teor&tiski aprékinatajam molekularas hiperpolarizejamibas
koeficienta vertibam vairak neka 10 indandiona atvasinajumiem. Lai ari visa visuma
eksperimentali iegiitas f vértibas labi korelé ar aprékinatajam, tomer daziem
savienojumiem raksturigas ievérojamas novirzes no tas. Ta pieme&ram savienojumu
DDMABI un DDDMABI izméritas £ vertibas ir ievérojami mazakas, bet savukart tBu-
DMABI-dPh augstakas neka KK prognozetas.

INDANDIONE DERIVATIVES MOLEKULAR HYPERPOLARIZABILITY
MEASURMENT BY HYPER RAYLEIGH SCATTERING

A.Tokmakovl, M.Rutkisl, A.Ernstsonsl, V.Kampars2
! Institute of Solid State Physics, University of Latvia
2 . . .
Riga Technical University

Large and fast nonlinear optical (NLO) response, low dielectric constant and
easiness of processing make organic materials of great current scientific and
technological interest for photonic device applications such as superfast electro-optic
modulators and switches. Commonly NLO efficiency of chromophores are characterized
by molecular hiperpolarizabillity (), which can be calculated using quantum chemistry
(QC) methods or experimentally determined in solutions by Hyper Relay light scattering
(HRS). In this presentation we will analyze relationship between the measured by HRS
and QC calculated B values for more than 10 indandione derivatives. Mostly
experimentally obtained B values are in good correlation with QC calculated. Although
for some compounds significant deviations takes place. For instance, measured p values
for compounds DDMABI and DDDMABI are significantly lower, while for the tBu-
DMAB-dPh higher than predicted by QC calculations.
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FABRI-PERO ETALONA VEIDOSANAS PLANO KARTINU PARAUGA UN TA
IETEKME UZ EO KOEFICIENTA NOTEIKSANU AR MZI METODI

E. Nitiss, M. Rutkis, O. Vilitis
LU CFI Organisko materialu laboratorija

LU CFI Organisko materialu laboratorija viens no pétjjumu virzieniem ir jaunu,
augsti efektivu poliméru materialu radiSana, kurus var€tu izmantot nelineari optiskas
(NLO) ierices. legiito materialu noveértéSanai viens no svarigakajiem parametriem ir ta
elektrooptiskais (EO) koeficients.

Planas organiskas kartinas EO koeficientu var noteikt ar vairakdm metodém:
viena stara elipsometriskajam, divstaru interferometrsikajam, ka ari ar daudzstaru
metodém. Neskatoties uz daudzajiem ierobeZojumiem EO koeficientu noteikSana,
praktiski biezak tiek lietotas viena stara elipsometriskdas metodes. Skiet, ka daudz
vienkarSak planu poliméru kartinu EO koeficientu vertibas noteikt var izmantojot ne tik
popularo divstaru Maha—Zendera interferometrisko (MZI) metodi. Realiz&jot So metodi
Organisko materialu laboratorija radam apstiprindgjumu vairakiem §is metodes
truikumiem, kas ieprieks aprakstiti literattra [1]. Papildus tiem konstatgjam, ka moduléta
signala faze mainas atkariba no gaismas krisanas lenka uz parauga. So ieprieks literatiira
neapskatito efektu skaidrojam ar Fabri-Pero etalona veidoSanos plano kartinu parauga.
Referata tiks sniegta §1 efekta analize, ka arT ieteikts problémas risindjums EO koeficientu
noteikSanai izmantojot MZI metodi.

IMPACT OF FABRY-PERROT CAVITY FORMED BY THIN FILM SAMPLE
ON EO COEFFICIENT MEASUREMENT BY MZI METHOD

E. NitiSs, M. Rutkis, O. Vilitis
LU CFI Organisko materialu laboratorija

One of the investigation tasks at the LU ISSP is creation and developments of
new and highly effective polymer materials that could be used for nonlinear optical
(NLO) devices. For the evaluation of new NLO polymer materials the most important
criteria are their electrooptic (EO) coefficients.

For determination of EO coefficients a number of methods can be used: one beam
ellipsometric, two beam interferometric as well as multiple beam methods. In general one
beam ellipsometric methods have been applied more frequently despite the physical
restrictions in determination of EO coefficients. Two beam Mach-Zehnder
interferometric (MZI) technique implementation seams to be easier and in addition one
can determine both EO coefficients r;3 and r33 by this method. After realization of this
method at the Laboratory of Organic materials we have found several drawbacks
described earlier in literature [1], as well as observation that modulated signal phase is
dependent on incidence angle of light. This critical, from our point of view, effect has not
been profoundly analyzed in the literature. We could explain the effect caused by light
intensity modulations by Fabri-Perrot interferometer formed in the sample. We will
report an analysis of this effect and put forward solutions for successful implementation
of MZI method for determination of EO coefficients in thin organic films.

1. M. Aillerie, N. Th eofanous, Measurement of the electro-optic coefficients: description and
comparison of the experimental techniques, Appl. Phys. B 70, (2000), p. 317.-334.
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HOLOGRAFISKAIS IERAKSTS a-As;S; KARTINA AR MINIMALO GAISMAS
INTENSITATES MODULACIJU

A.Ozols, P.Augustovs, Dm. Saharovs
Rigas Tehniskas Universitates Tehniskas fizikas institiits

Eksperimentali izp&tita holografiska ieraksta un ta koherentas paspastiprinaSanas
(KPP) atkariba no ierakstosas interferences ainas intensitates modulacijas koeficienta
(kontrasta ) M ar mérki sasniegt minimalo eksperimentali iesp&jamo modulaciju un
noskaidrot, vai pastav kontrasta slieksnis, zem kura ieraksts vai KPP nenotiek un kuru
nosaka materiala nehomogenitate. Tika ierakstitas  elementaras hologrammas -
holografiskie rezgi ar 2 um periodu 12um bieza a-As,S; kartina ar 532 nm 10 mW
gaismu no YAG:Nd®" lazera, kuri tika nolasiti ar 633 nm He-Ne lazerstaru pie Bregu
lenka. Gadijuma, kad M=1 tika sasniegta maksimala difrakcijas efektivitate #,,,=20% (ar
diviem stariem) un maksimalais KPP faktors ¢,,,==11.8. Minimalais ieraksta kontrasts
izradijas vienads ar M=1.13x10" , pie kura bija #,,,=0.006%, bet &, =2.45. Minimalo
kontrastu noteica difragéta stara intensitates tuvoSanas izkliedétas gaismas fonam, kad
vairs nebija iesp&jams izSkirt mazakas difragéta stara intensitates. Tada karta misu
eksperimenti lauj secinat, ka , ja ar1 pastav M slieksnis a-As,Ss kartinas, tad tas ir zemaks
par M=1.13x10 . legitie rezultati var tikt izmantoti dzilakai KPP bitibas izpratnei (ne
visos materialos, kur iesp&jams efektivs ieraksts, noris KPP), ka ar1 holografiska ieraksta
optimizacijai.

HOLOGRAPHIC RECORDING IN AN a-As,S; FILM WITH A MINIMUM
LIGHT INTENSITY MODULATION

A.Ozols, P. Augustovs, D. Saharov
Institute of Technical Physics, Riga Technical University

Holographic recording and hologram coherent self-enhancement (CSE)
dependence on the intensity modulation (visibility), M , of the recording interference
pattern is experimentally studied in order to determine the minimum possible
modulation (modulation threshold) enabling recording or CSE. Such intensity
modulation threshold can be caused by the inhomogeneity of the recording material.
Elementary holograms — holographic gratings with 2um period were recorded in an
12um thick a-As,S; film by 10 mW 532 nm YAG:Nd’" laser light and read out at Bragg
angle by a 633 nm He-Ne laser beam. In the M=1 case, the maximum diffraction
efficiency #7,,,x=20% (with two beams) and the maximum CSE factor &,,,==11.8 have
been found. The minimum modulation was found to be M=1.13x10 corresponding to
Nmax—=0.006% and &,,4,=2.45. This minimum modulation was determined by the fact that
diffracted light intensity reached the scattered light intensity background. Thus we have
concluded that M threshold if it exists in a-As,S; films is lower than M=1.13x 107 . The
obtained results can facilitate better CSE understanding (since CSE does not take place
in all materials where efficient recording take place) and holographic recording
optimization.
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LAZERU STAROJUMA IZMANTOSANA MATERIALU
NANOSTRUKTURIZESANAI

J.Teteris
Latvijas Universitates Cietvielu fizikas institits

Virsmas reljefa un optiska lausanas koeficienta moduléti holografiskie rezgi ar periodu
0.15 — 1.0 um tika ierakstiti amorfas halkogenidu kartinas ar imersijas metodi [1]. Rezga
periods, krustojoties diviem gaismas stariem prizma ar lauSanas koeficientu n var izteikt
ka A=A¢/2 n sinO, kur A ir gaismas vilpa garums vakuuma, bet 0 ir puslenkis starp
gaismas stariem prizmas iekSpus€. Tika izmantotas taisnlenka prizmas ar n=1.5 — 2.6.
Amorfas As-S-Se kartinas ar optisko lausanas koeficientu n=3.2 pie 488 nm tika lietotas
ka fotorezists virsmas reljefa rezgu ierakstam. P&c ieraksta tika izmantota slapja
kodinasana. Rezgu periods un profils tika mérits ar ASM. Veicot ierakstu gaisa (n=1) pie
lenka starp stariem 90°, iegiist periodu 0.345 pm, bet izmantojot prizmu ar n=1.75 iegiist
periodu 0.197 pm. Imersijas prizmu pielietoSana holografiskaja ieraksta dod iesp&ju
samazinat rezga periodu n (prizmas optiskais lausanas koeficients) reizes.

APPLICATION OF LASER LIGHT FOR MATERIAL
NANOSTRUCTURING

J.Teteris
Institute of Solid State Physics, University of Latvia

The recording of the surface-relief and refractive index modulated gratings with a period
of 0.15 — 1.0 um was performed by solid immersion holographic method [1]. The grating
period for two intersecting light beams in a coupling prism with refractive index n can be
expressed as A=A¢/2 n sinO, where A is the wavelength of laser light in vacuum, n is
refractive index of the prism and 0 is the half-angle between the laser beams inside the
prism. The right angle prisms with n= 1.5 — 2.6 were used. Amorphous As-S-Se based
photoresist with refractive index n;=3.2 at 0.488 um was used for the recording of
surface-relief gratings. After recording, wet etching of the photoresist was performed to
obtain a surface-relief grating. The grating period and profile were measured by AFM. If
the recording was performed in air (n=1) and the angle between the beams was equal to
90°, a grating with a period of 0.345 um was obtained. If the intersection of the laser
beams is performed in a prism with a refractive index of 1.75, a grating period of 0.197
pm was obtained. The application of a prism as an immersion medium decreases the
period of the recorded grating n times. The transmission, reflection and polarization
properties of the subwavelength transmission gratings in As;Ss; amorphous films were
studied. The angular selectivity of holographic recording in amorphous chalcogenide thin
films has been improved significantly by a decrease of grating period.

[1]. Teteris, J. and Reinfelde, M., 2004, J. Opt.A:Pure Appl.Opt. 6, S151-S154.
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HOLOGRAFISKAIS IERAKSTS UV FOTOPOLIMEROS

J. Aleksejeva, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits

Darba tiek pétita tilpuma rezgu iegusana fotopoliméros uz akrilata pamata.
Sadiem fotopolimériem ir raksturiga stipra absorbcija gaismas ultravioletaja diapazona,
tapec rezgis tiek veidots ar He-Ne lazera 325 nm liniju. Rezgis fotopoliméra tiek iegits
holografiska ieraksta laika fotopolimerizacijas procesa. Merjjumi tiek veikti, mainot
ierakstoSu staru polarizaciju, intensitati un parauga biezumu. Gataviem rezgiem tiek
merita lenkiska selektivitate, kas nosaka difragéta stara pusplatumu. Pie maza stara
pusplatuma reZgis var kalpot ka filtrs, kas absorbé tikai vienu vilna garumu. Sadus rezgus
sauc par Brega rezgiem. Tie var tikt veiksmigi izmantoti telekomunikacijas ka filtri, jo
Brega rezgu atstarotais vilpa garums ir atkarigs no lenka, no kada uz to krit gaismas stars,
ka ar1 to darbibu neietekmé temperatiiras izmainas.

HOLOGRAPHYC RECORDING IN UV PHOTOPOLYMERS

J. Aleksejeva, J. Teteris
Institute of Solid State Physic, University of Latvia

The common absorption maximum for this kind of polymers is in the UV
diapason. For this reason the grating is formed by the He-Ne laser 325 nm line. Grating in
photopolymer forms during holographic recording via monomer polymerization. Volume
grating formation was observed in dependence on polarization, intensity of the recording
beam and the thickness of the sample. Grating’s angular selectivity also was measured,
which shows the half-width of the diffracted beam. If the half-width is small enough, the
grating can be used as a filter, which absorbs only one wavelength. This kind of filters is
called Bragg gratings. They can be successfully used in telecommunication as filters,
because wavelength of the reflected beam depends on the angle between the falling beam
and the grating. Another advantage is that the Bragg grating does not depend on the
temperature.
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DAUDZSTARU HOLOGRAFIJAS IERAKSTS

U.Gertners un J.Teteris
Latvijas Universitates Cietvielu fizikas institiits

Pedeja laika tiek aktivi pétita dazadu gaismas jutigu materialu virsmas reljefa
fotoinducetas izmainas, kas paver iesp€ju strukturétu virsmu iegiiSanai neizmantojot
sarezgito kimiskas kodinasanas apstradi. Tiesa holografiska ieraksta metode ir arT viena
no perspektivakajam virsmas strukturéSanas metodém dazados gaismas jutigos
materialos. Liela gaismas gradienta dg] ir ies€jams iegiit virsmas struktiiras, kadas nevar
iegiit kodinasanas cela vai ar kadu citu metodi. Darba ari tiks apskatits tieSais
holografiskais ieraksts amorfajos halkogenidos (As-S un As-S-Se), ka arT salidzinats tas
ar attiecigo ierakstu organiskajos gaismu jutigajos materialos. leraksts tiks realiz€ts ar
532nm vilpa garuma lazeri, izmantojot Iidz Sim V&l pietiekami neizpétito daudzstaru
holografijas iekartu. Tiks apskatiti iesp&jamie virsmas-reljefa veidoSanas modeli uz
fotoinducéta plastiskuma bazes.

MULTIBEAM HOLOGRAPHIC RECORDING

U.Gertners and J.Teteris
Institute of Solid State Physics, University of Latvia

This work is devoted to the topical issue - photoinduced formation of relief in thin
layers of chalcogenide vitreous semiconductors (ChVS) without following complicated
chemical processing. Direct holographic recording technique is on of the advanced
methods for surface relief structuring in light sensitive materials. Because of the high
light gradient it is possible to obtain surface structures like no one else method can. In
this report the study of direct holographic recording of the surface-relief gratings on
ChVS like As-S, As-S-Se and organic films has been presented. Holographic recording
was performed by 532nm wavelength and by using multibeam recording setup. Also the
mechanism of the direct recording of surface-relief on amorphous chalcogenide films
based on the photoinduced plasticity has been discussed.
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OPTISKO KOMPOZITU VIRSMAS RELJEFU VEIDOSANAS IPATNIBAS

A. Gerbreders, J. Teteris
Latvijas Universitates Cietvielu fizikas institits

Saja darba tiek aprakstita planu kompozitu poliméra-fotohroma-halkogenidu kartinu
iegliSanas metode, ka ar1 izpétitas So materialu optiskds un holografiska ieraksta
patnibas.

Kompozitu planas kartinas tika iegiitas no arséna sulfida, Disperse Red 1 un
polim@ra Disperbyk-161 (razots BYK-Chemie GmbH) $kiduma organiskaja skidinataja.
Skidums tika uznests uz stikla plaksnitém ar dazadu slanu biezumu (4-9 pm), Zisana
notika 150° temperatiira. Arséna sulfida, Disperse Red 1 un poliméra attieciba bija 35 + 5
=+ 60 mas. %.

Siem kompozitiem, tika izp&titi optiskie transmisijas spektri un notiek salidzinagana
ar citu kompozitu (As;S;-Disperbyk 161 un spiropiranu-As,S;-poliméru) spektriem. Tiek
izpétita virsmas reljefu veidosanas uz kompozitu pléves péc apgaismosanas ar lazeru 532
nm caur cilindrisku lecu, apskatits reljefu augstums atkariba no apgaismoSanas
ekspozicijas.

Tika ierakstiti difrakcijas rezgi ar vilpu garumiem 442 un 532 nm, rakstiSanas laika
izmerjjam transmisijas un refleksijas difrakcijas efektivitati. Tika izpétita difrakcijas
efektivitate atkariba no ekspozicijas. Difrakcijas rezgi tika apskatiti ar AFM palidzibu.

FEATURES OF SURFACE RELIEF FORMATION IN OPTICAL COMPOSITES

A. Gerbreders, J. Teteris
Institute of Solid State Physics, University of Latvia

The method for preparation of thin polymer-photochrome-chalcohenide composite
films is described, and some features of photoinduced changes of optical properties and
holographic recording of these materials are studied.

Films of composite were obtained from solution of arsenic sulphide, Disperse Red 1
and polymer «Disperbyk-161» (produced by BYK-Chemie GmbH) in organic solvents.
The solution was spread on glass substrates and dried at 150° temperature. The dry film
thickness was 4-9 um, correlation of arsenic sulphide, Disperse Red 1 and polymer in
films was according to (in weight. %) 35 + 5 + 60.

The photoinduced changes of optical reflection and transmission of the films was
observed and compared with other composites (As,S3-Disperbyk 161 and spiropyran-
As;Ss-polymers). The surface relief formation under direct influence of light (532 nm)
through cylindric lens was studied. The graph of relief height dependence on exposure
was made.

The holographic recording of diffraction gratings was performed by laser lines of
532 and 442 nm. During recording the diffraction efficiency of holographic recording
was measured simultaneously in transmission and reflection mode. The influence of laser

beam intensity on recording process was studied. The profile of the gratings was analyzed by AFM
microscope.
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FOTOINDUCETAS ATSTAROSANAS IZMAINAS As,S;-Al SISTEMA

E. S!edevskisl’z, Vj.Gerbredersl, J .Teterisz, A.Bulanovs'
! Inovativas mikroskopijas centrs, Daugavpils Universitate
? Latvijas Universitates Cietvielu fizikas institiits

Gaismas iedarbiba As,S; planaja kartina rada lauSanas koeficienta izmainas, ko
planos slanos pavada interferences nosacijumu izmainas. Lai palielinatu atstaroSanas
interferences maksimumu amplitidu, amorfas As,S; kartinas tika iegiitas, tas termiski
uzputinot vakuuma uz stikla pamatnes, kas ieprieks parklatas ar aluminiju.

Atstarotas gaismas interferences minimumu pie vilpa garuma 532 nm kontrole
uzputinasanas laika ]ava iegiit As;S;-Al sist€tmu ar minimalu atstarosanas veértibu 10-15
%. legiits paraugu apstaroja ar dazadas intensitates 532 nm vilpa garuma gaismu. Tika
novérota atstaroSanas palielinaSanas lidz 70%. Darba paraditas atstaroSanas koeficienta
izmainas atkariba no apstarosanas laika, gaismas intensitates un kartinas biezuma. Sajas
kartinas tika ierakstitas hologrammas, kuru difrakcijas efektivitate ir ekspozicijas un
slana biezuma funkcija.

PHOTOINDUCED CHANGES OF OPTICAL REFLECTIVITY IN
As;S3-Al SYSTEM

E. Sledevskis]’z, Vj.Gerbreders], J .Teterisz, A.Bulanovs'
! Innovation Centre of Microscopy, Daugavpils University
? Institute of Solid State Physics, University of Latvia

Photoimpact on As;S; films results the modulation of optical refractive-index
accompanied by the modification of interference conditions for light in thin layers. To
increase the value of optical reflection amplitude between interference maximum and
minimum the amorphous As,S; films were obtained by thermal evaporation in vacuum
onto glass substrates preliminarily coated with aluminium.

The monitoring of the reflectivity at wavelength of 532 nm during the evaporation
process of As,Ss layer allowed to obtain the As,S3-Al pattern with initial reflection value
of 10-15%. The samples during the experiment were exposed to the light with
wavelength of 532nm with different intensity. An increase of reflectivity up to 70% was
observed. This paper presents the studies of dependence for photoinduced changes in
reflectivity of As,S3;-Al system on exposure time, light intensity and film thickness. The
holographic recording in reflection mode was performed and studied.
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NANOPUNKTU FORMESANA AR ELEKTRONU
KULI UZ AgSAl VIRSMAS

V.Kolbjonoks', Vj.Gerbreders
Inovativas Mikroskopijas Centrs, Daugavpils Universitate

Tiek demonstréta metode Ag nanopunktu formeSanai uz AgSAIl virsmas,
izmantojot elektrona kiila (EK) starojumu. Apstarojot AgSAl virsmu, tiek novérota
izcilpu veidoSanas uz virsmas, domajams no sudraba. Ar EK punkta staroSanas rezimu,
tika izveidoti nanopunkti ar mazako nanopunkta diametru - 25 nm. Izmantojot So
panemienu ar nanoburtiem tika uzrakstits vards ,,DAU”, kur katra burta garums nav
lielaks par 500 nm, no nanopunktiem izveidota lmnija dazus mikrometrus gara un
nanopunktu masivs ar punkta diametru 40 nm un izskirtsp&ju 45 nm, kas atbilst 400
Gb/in” ierakstam datu nes&jos.

Atslegvardi: nanopunkti, Elektronu litogratija.

NANO-DOTS FORMATION ON AgSAI SURFACE USING ELECTRON BEAM
IRRADIATION

Vadims Kolbjonoks’, Vjateslavs Gerbreders
Center of Innovation Microscopy, Daugavpils University

A method to form Ag nano-dot pattern on AgSAI surface has been demonstrated
using electron beam (EB) irradiation. Irradiating AgSAIl surface we observed nano-dots
growth on surface, presumable made of silver. For point scan EB irradiation, the
minimum diameter of nano-dot that was obtained is - 25 nm. The word ,,DAU” has been
written using this technique, with each character less than 500 nm, also forming of nano-
dot line few micrometers in length and nano-dot array pattern with a dot size of about 40
nm and dot-pitch of 45nm, which corresponds to about 400 Gb/in® for storage
applications.

Keywords: nano-dots, Electron beam lithography
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RADIONUKLIDU ANALIZE DZERAMAJOS UN GRUNTSUDENOS

D.Riekstina, O.Véveris
Latvijas Universitates Cietvielu fizikas institiits

Saskana ar Latvijas MK 2003. g. noteikumiem Nr.235 ir stajusies spéka ES direktiva
98/83 par dzerama tudens kvalitati, kura nepielauj lietot dzeramos iidenus ar tritija
koncentraciju lielaku par 100 Bk/l un alfa- radioaktivitati ne lielaku par 0.1 Bg/l un ,
beta- radioaktivitati Iidz 1 Bq/l. Misu pétijumos, analizéti vairak ka simts dazados
Latvijas regionos ripnieciski iegiitic dzerama udens paraugi. Tritija koncentracija
noteikta, izmantojot Packard TRI-CARB 2100 spektrometru un OptiPhase HiSafe 3
scintilatoru, bet a-, B- koncentracijas meritas ar iSOLO iekartu. Konstatéts, ka lielaka
dala paraugu tritija koncentracija neparsniedza minimalo noteikSanas robezu un neviena
parauga ta nav lielaka par 10 Bq/l, savukart a- koncentracijas bija intervala no 0.01 Iidz
0.05, B- koncentracijas — 0.1 — 0.6 Bqg/l. Savukart tritijja koncentracija gruntsiidenos
potenciali bistamo objektu teritorija pedeja gada laika ir samazinajusies.

Izstradatas tritija noteikSanas metodikas dzeramam tidenim aprobacija veikta Partikas un
veterinara dienesta Nacionala diagnostikas centra.

ANALYSIS OF RADIONUCLIDES IN DRINKING AND GROUNDWATERS

D. Riekstina, O. Veveris
Institute of Solid State Physics, University of Latvia

According to the regulations of the Cabinet of Ministers of Latvia No 235, there has
come into effect the EU directive 98/83 about the quality of drinking water that precludes
using drinking water with the tritium concentration exceeding 100 Bg/l and alpha
radioactivity 0.1 Bq/l, and beta radioactivity 1 Bg/l. Our research analyzes more than
hundred samples of the industrially acquired drinking waters gathered in different regions
of Latvia. The tritium concentration was determined by using the Packard TRI-CARB
2100 spectrometer and OptiPhase HiSafe 3 scintillator, but the a-, B- concentrations were
measured with the iISOLO device. It was determined that in the majority of samples the
tritium concentration did not exceed the minimal determination limit and in no sample it
was higher than 10 Bq/l, but the a concentration was within limits from 0.01 to 0.05, B —
concentration — 0.1 — 0.6 Bg/l. In turn, the tritium concentration in the ground waters in
the territory of the potentially dangerous objects has decreased within the last year.

The approbation of the developed method for the determination of the tritium in the
drinking water was carried out in the State Veterinary Diagnostic Centre for Food and
Veterinary Service.
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KODOLA '*®Re LIMENU SHEMAS ATTISTISANA
IZMANTOJOT (n,y7)-REAKCIJAS DATUS

M. Balodis, L.. Simonova, V. Bondarenko, T.Krasta, J. Bérzins, . Tomandl*
Latvijas Universitates Cietvielu fizikas instituta Radiacijas fizikas nodala
*Research Centrum, Czech Republic

SakriSanas starp augsto un zemo energiju y-parejam, ka ari starp zemo energiju parejam
"Re (n,y) "®*Re reakcija ar siltuma neitroniem tika méritas pétnieciskaja reaktora Reza
netilu no Pragas. Meérjjumiem tika izmantots 500 mg smags mérkis ar '*'Re
bagatinajumu 97.5%. Gamma-starojuma spektru registracijai energiju intervalos no 50
lidz 2600 keV un no 4500 lidz 6500 keV tika izmantoti 28% HpGe detektors un 25%
Ge(Li) detektors. Merjjumu rezultatu analize deva iesp&ju noteikt energijas un
iespgjamos kvantu raksturlielumus (spinu un paribu) 134 '"®Re ierosinatdjiem limeniem
energiju intervala Iidz 1590 keV. Bitiski izlabota un papildinata iepriek§ zinama neparu-
neparu kodola '"®Re limenu shéma [1], kas tagad satur 61 limeni lidz ~800 keV energijai,
no kuriem 20 limeni ir pilnigi jauni, bet 11 iepriek§ zinamajiem Iimeniem ir mainita
interpretacija. Lidz ~400 keV energijai iegiita pilna ierosinato limenu shéma spina
vertibam <5, kas ir pamatota ar divu kvazidalinu rotacijas-vibracijas mijiedarbibas
modela aprékiniem. Daziem '®*Re stavokliem novérojami efekti, kas liecina par kodola
formas fazes pareju no stipras aksialas deformacijas un y-nestabilo formu.

DEVELOPMENT OF THE *®Re NUCLEUS LEVEL SCHEME
USING THE (n,yy)-REACTION DATA

M. Balodis, L.. Simonova, V. Bondarenko, T.Krasta, J. Bérzins, . Tomandl*
Radiation Physics Department, Institute of Solid State Physics, University of Latvia
*Research Centrum, Czech Republic

Low-high and low-low energy yy-coincidences, following the "*'Re (n,y) "**Re reaction
with thermal neutrons, have been measured at the research reactor in Rez near Prague.
The target was made of 500 mg rhenium with enrichment to 97.5% of '®’Re. The y-ray
spectra in the energy range from 50 to 2600 keV and from 4500 to 6500 keV have been
recorded using 28% HpGe detector and 25% Ge(Li) detector. The analysis of
measurement results allowed to obtain energies and possible quantum characteristics
(spins and parities) for 134 '**Re excited levels in the energy range up to 1590 keV. The
previously known [1] level scheme of the odd-odd nucleus '*Re is essentially corrected
and extended. The proposed level scheme of '®Re contains 61 levels up to ~800 keV
energy, including 20 levels, which are completely new, and 11 levels with changed
interpretation. The complete level scheme for up to ~400 keV energy and spins <5 is
obtained and supported by the results of two-quasiparticle rotational-vibrational
interaction model calculations. Some '**Re states display features indicating the nuclear
shape phase transition from the strong axial-deformation to the y-soft form.

[1] E.B. Shera et al., Phys.Rev.C 6 (1972) 537.
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AR NUKLONU IZOSPINA SIMETRIJU SAISTITO
KODOLU STRUKTURAS EFEKTU PETIJUMI

T.Krasta
Latvijas Universitates Cietvielu fizikas instituta Radiacijas fizikas nodala

Kodols ir daudzdalinu sistéma, kas sastdv no divu veidu dalinam, kuras raksturo
atSkirigas izospina T projekcijas veértibas. Kodolu izotopiska sastava simetrija izpauzas
ari ka So kodolu raksturlielumu: saites energiju, radiusu, ierosinato Itmenu shému,
elektromagnétisko 1paSibu, simetrija. Darba tiek apskatitas vieglo (4<A<40) kodolu
izospina multipletu (spogulkodolu dublesu ar T=1/2 un tripleSu ar T=1) 1pasibas gar N=Z
Iiniju. Kodolu saites energijas, zemako ierosinato Iimenu energijas, elektriskie
kvadrupolie un magnétiskie dipolie momenti, ka art B(E2) un B(M1) reducétas pareju
varbiitibas tika aprékinatas mikroskopiska stipri ierobezotas dinamikas modela (SRDM)
ietvaros, izmantojot kodola stavoklu klasifikacijai vissimetriskako SU(3)-konfiguraciju
un viena (S,T) grupa. Veikts detalizéts SRDM rezultatu salidzinajums ar citu modelu
(¢aulu, kolektiva, bozonu) paredz&jumiem ipasu uzmanibu pieverSot efektiem, kas
tradicionali tiek saistiti ar kolektivajam un viendalinu brivibas pakapém. Apskatitas ari
spina-izospina simetrijas efektu izpausmes smagajos deformétajos kodolos.

STUDY OF NUCLEAR STRUCTURE EFFECTS
DUE TO THE NUCLEON ISOSPIN SYMMETRY

T. Krasta
Radiation Physics Department, Institute of Solid State Physics, University of Latvia

Nucleus is a many-particle system consisting of two types of particles having different
projections of the isospin quantum number T. The symmetry of the nuclear isotopic
content reflects itself also in the symmetry of nuclear properties: binding energies, radii,
excited level schemes, electromagnetic properties. In present study, the properties of light
nuclei (4<A<40) isospin multiplets (mirror nuclei doublets with T=1/2 and triplets with
T=1) along N=Z line have been considered. The nuclear binding energies, low-lying level
spectra, electric quadrupole and magnetic dipole moments, as well as the B(E2) and
B(M1) reduced transition probabilities have been calculated in the frameworks of
microscopic Strictly Restricted Dynamics Model (SRDM), employing for the
classification of nuclear states the most symmetric SU(3)-configuration and one (S,T)
group. The SRDM results are compared with the predictions of other model approaches
(shell model, collective model, boson model). Especial attention is given to the effects
which are traditionally related with collective and single particle excitation modes. The
spin-isospin symmetry related effects in heavy deformed nuclei are discussed as well.

28



STRUKTURA UN FAZU PAREJAS

29



Y-, O- UN Fe-VAKANCES DEFEKTU KOMPLEKSU
MODELESANA fec Fe REZGI

A. Gopejenko', Yu.F. Zhukovskii', P.V. Vladimirov’,
E.A. Kotomin' and A. Miislang2
Latvijas Universitates Cietvielu fizikas institiits, Latvija
’Forschungszentrum Karlsruhe, Institut fiir Materialforschung-I, Karlsruhe, Germany

Teéraudu materiali ar samazinatu aktivacijas sp&ju, kuri pastiprinati ar Y,0; nogulsngjumiem,
ir strukttras materialu kandidati nakotnes kodolsintézes reaktoriem. Konkrétak, oksidu stiprinato
(ODS) teraudu izmantosana kodoltermiskos reaktoros blanketu strukttira lauj palielinat ta
darbibas temperatiiru par ~100°C. Gan oksidu nogul$pu lielums, gan to telpiskais sadalijums
butiski ietekm& ODS teraudu mehaniskas ipasibas un radiacijas noturibu. ODS nanodalinu
veidoSanas principi vel pilniba nav izprasti. Pe€dgjie eksperimenti norada, ka vismaz dala no itrija
oksida dalinam vartu bt iekusuSas teérauda matrica mehaniskas parmalSanas stadija. Ja §1
hipotéze ir korekta, tad itrijs, kas izkaus€ts vairak par ta lidzsvara $kiSanas robezu, veidos
nogulsngjumus pulvera mehaniskas parmalSanas stadija.

Darba tiek analizétas defektu paru ka ari Y-O-Y defektu kompleksu Ipasibas fcc Fe rezgi.
Defektu veidosanas un saites energijas tika aprékinatas, izmantojot pirmo principu metodi. Tiek
noteikti un izanalizeti ladinu blivuma sadalijuma grafiki. Musu aprekini parada, ka vakances ir
nepiecieSamais nosacijums Y atomu migracijai, bet O atomi var migrét starp oktaedru un
tetraedru starpmezglu pozicijam augsttemperatiru kubiska fcc fazé Fe rezgi. Tagad més
aprékinam Y substitiicijas atomu migracijas trajektorijas caur Fe vakancem. Pirmaja tuvinajuma
mes veicam aprekinus ar vienu starpkonfiguraciju, bet otraja — aprékini tiks turpinati, palielinot
starpkonfiguraciju skaitu, lai precizi noteiktu migracijas barjeru.

Y, O AND Fe-VACANCY DEFECT COMPLEX
MODELING IN fcc Fe LATTICE

A. Gopejenko', Yu.F. Zhukovskii', P.V. Vladimirov?,
E.A. Kotomin' and A. Méslang’
!Institute of Solid State Physics, University of Latvia, Latvia
’Forschungszentrum Karlsruhe, Institut fiir Materialforschung-I, Karlsruhe, Germany

Reduced activation steels strengthened by yttria precipitates are considered as promising

construction materials for fusion- and advanced fission-reactors. In particular, use of oxide
dispersion strengthened (ODS) steels for fusion reactor blanket structure allows increase of its
operation temperature by ~100°C. Recent experiments indicate that at least part of yttrium oxide
particles might be dissolved in the steel matrix during mechanical alloying. If so, yttrium
dissolved above its equilibrium solubility limit will precipitate during hot isostatic pressing of
mechanically alloyed powder.
The properties of pair defects as well as the Y-O-Y defect complex in the fcc Fe lattice were
analysed. The defect formation and binding energies were calculated using ab initio method. The
charge density redistribution plots were constructed and analysed. Our calculations show that the
presence of vacancies is a necessary requirement for the migration of yttrium impurity atoms
whereas oxygen atoms can migrate between the octahedral and tetrahedral interstitials of the
high-temperature face-centred cubic phase of iron lattice. Currently, we perform calculations on
the migration trajectories for Y substitutes via Fe vacancies. The first step of this modeling
consists of the calculations with one intermediate configuration and then the calculations will be
continued with the increased number of the intermediate configurations to precisely estimate the
migration barrier.
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VIRSMAS UN ZEMVIRSMAS VAKANCES URANA NITRIDA: MODELESANA
NO PIRMAJIEM PRINCIPIEM

D. Bocarovs, D. Grjaznovs, J. Zukovskis, J. Kotomins
Latvijas Universitates Cietvielu fizikas institits, Riga, Latvija

Urana mononitrids, metalisks materials ar NaCl struktiiru, ir daudzsoloSs
materials jaunajiem IV paaudzes kodolu reaktoriem. Reaktoriem sintezétajos UN
paraugos ir ievérojams daudzums skabekla piemaistijumu, kuri butiski ietekmé degvielas
ipasibas. Tapeéc ir nepiecieSams izprast O adsorbciju, ka arl turpmako urana nitrida
oksidésanos.

Saja darba més paradam aprekinu rezultatus punktveida defektiem uz UN (001)
virsmas. Darba tika apspriestas U un N vakances veidoSanas energijas virsmas un
zemvirsmas UN (001) slanos, ka art elektriska ladina pardale, elektronisko stavoklu
blivums, magnétiskie momenti uz urana atomiem un atomu nobides ap vakanceém. legiitie
rezultati tiks pielietoti turpmakajos petijumos, modelgjot O mijiedarbibu ar vakancém.

SURFACE AND SUBSURFACE VACANCIES IN URANIUM NITRIDE:
FIRST PRINCIPLES CALCULATIONS

D. Bocharov, D. Gryaznov, Yu.F. Zhukovskii, E.A. Kotomin
Institute of Solid State Physics, University of Latvia, Riga, Latvia

The uranium mononitride (UN), which possesses a NaCl structure and metallic
nature, is an advanced material for the non-oxide nuclear fuel considered as a promising
candidate for use in Generation-IV fast nuclear reactors. UN samples synthesized for
reactors contain considerable amount of O impurities, which greatly affect fuel
properties. Therefore, it is necessary to understand mechanism of oxygen adsorption as
well as further oxidation of uranium nitride.

In this work, we present results of calculations on point defects upon the UN
(001) surface. The formation energies of both U and N vacancies for the UN (001)
surface and slab inner layers are discussed together with the electronic charge re-
distribution, density of states, magnetic moments on uranium atoms, and atomic
displacements around the vacancies. It is explicitly discussed that consequences for the
electronic structure and future studies on the oxygen adsorption are caused by these point
defects.
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KLASTERU MEROGOSANAS MODELESANA AR KINETISKO MONTE-
KARLO UN SUNU AUTOMATA METODEM

P. Merzlakovs, G. Zvejnieks
Latvijas Universitates Cietvielu fizikas institits

Darba tiek raksturots klasteru sadalijums, kas rodas epitaksiala monoslana augSanas
sakuma stadija dalinu agregatizacijas rezultata. Datormodelésana tiek noteikta klasteru
superstruktiiras atkariba no bezdimensionala lieluma - dalinpu difuzijas attiecibas pret
adsorbcijas atrumu. Robezgadijuma, kad difuzijas attieciba pret adsorbciju tiecas uz
bezgalibu, iegiita atkaribas pakape salidzinata ar teorétiskiem novert€jumiem.

Datormodelésana salidzinoSi izmantotas gan kinétiska Monte Karlo, gan Stnu
automata metodes. Veicot aprékinus uz viena procesora, S$iinu automata metodes
atrdarbiba nepaatrina aprekinu gaitu. Stnu automata metodé tiek parvertéta dalinu
diftzija, rezultata tiek iegiita lielaka klasteru superstruktira un ta ir jaapliko lielaka rezgi.
Sini gadfjuma $Gnu automata un kingtiskas Monte Karlo modelésanas laiki kliist
salidzinami.

MODELING OF CLUSTER SCALING BEHAVIOR WITH KINETIC MONTE-
CARLO AND CELLULAR AUTOMATA METHODS

P. Merzlakovs, G. Zvejnieks
Institute of Solid State Physics, University of Latvia

In the present work the cluster distribution is characterized in the submonolayer
epitaxial growth limit. The characteristic cluster superstructure size dependence on
dimensionless parameter — particle diffusion vs adsorption is determined using computer
simulations. In the limit of fast diffusion vs adsorption ratio, the obtained power
dependence is compared with theoretical estimates.

In theses studies both kinetic Monte Carlo and cellular automata simulations are
used. In a single processor calculation cellular automata method gives no advantage in
computational speed. Particle diffusion is overestimated in cellular automata method.
That leads to a larger cluster superstructure size which in turn requires a larger lattice. In
this case cellular automata and kinetic Monte Carlo simulation times become comparable.

32



TEMPERATURAS IETEKME UZ KIMISKI SAKARTOTIEM POLARIEM
NANOAPGABALIEM RELAKSORU SEGNETOELEKTRIKU Pb(Mg;;Nb,3) 03
(PMN) KRISTALOS

D. Engers, E. Klotin$
Latvijas Universitates Cietvielu fizikas institiits

Polarie nanoapgabali ir nozimigi modelos, kas apraksta nesakartotas cietvielas, Ipasi uz ABO;
perovskitiem bazetus relaksoru segnetoelektrikus Pb(ByB';)O;. Diftizas neitronu izkliedes
eksperimenti [1] apstiprina koncepciju par tuvdarbibas polaram korelacijam — polariem
nanoapgabaliem, ko iesp&jams inicié tuvas kimiskas kartibas veido$anos rezga B pozicijas. Kaut
gan Mg un Nb katjoni ienem nejauSas B pozicijas, pirmo principu teorija [2] paredz lokalus
ktmiski sakartotus polarus nanoapgabalus (super$iinas) un tos veidojo$o jonu relaksaciju attieciba
pret idealu perovskitu struktiiru, rezultata radot struktiiru ar lokalu trikltnisko vai monoklinisko
simetriju.  Statistikas model€Sanas problémas, kas saistitas ar translacijas invariances
neizpildiSanos PMN kristalos, darba ir apietas, p&tot empiriski parveidotu efektivo Hamiltonianu
ar no pirmiem principiem aprékinatiem superSiinu parametriem un polarizacijas komponentem,
kas atlauj veikt statistisko analizi vidgja lauka teorijas ietvaros. Model&jot 8x8x8 15-atomu
supersiinas iegiita polarizacijas parslégsanas individualas supersiinas, korelaciju funkcijas un para
sadalfjuma funkcijas ar temperattiru un dipolu—dipolu mijiedarbibu, ka parametriem. Konceptuals
rezultats ir konvencionalas teorijas[3] parametra ,,lokalo lauku” ka un simetrijas lauSanas c€lona
aizvietosana ar fizikali piem&rotaku un balstitu uz ab initio reZga dinamikas rezultatiem efektiva
Hamiltoniana.

[1] P. Gehring, H. Hiraka, C. Stock, S.-H. Lee, W. Chen, Z.-G. Ye, S. B. Vahrushev, Z. Chowdhuri, Phys. Rev.B 79, 224109 (2009)

[2] S.A. Prosandeev, E. Cockayne, B.P. Burton, S. Kamba, J. Petzelt, Yu. Yuzuk, R.S. Katiyar, Phys. Rev. B 70 134110 (2004)
[3] B.P.Burton, E. Cockayne, S. Tinte, U.V. Waghmare, Phase Transitions, 79, 2006, pp.91-121

TEMPERATURE DEVELOPMENT OF CHEMICALLY ORDERED POLAR
NANOREGIONS IN RELAXOR FERROELECTRIC Pb(Mg;;Nb,3)0; (PMN)

D. Engers, E. Klotins
Institute of Solid State Physics, University of Latvia

Polar nanoregions play a central role in models addressed to description of disordered solids and
especially ABO; perovskite based relaxor ferroelectrics Pb(BxB'14)O; . Diffuse neutron scattering
[1] support the concept of short-range polar correlations — polar nanoregions - presumably
initiated by short-range chemical ordering so constituting local deviations from the randomness
on the B sites. Whereas Mg and Nb cations are located randomly in the B sites the first
principles theory [2] predicts local chemical ordered polar nanoregions (supercells) and the
relaxation of constituting ions with respect to ideal perovskite positions so supporting local
structures with triclinic and monoclinic symmetry. Problems associated with violation of the
translational invariance in PMN are circumvented in this study by empirically modified effective
Hamiltonian with first principles superlattice parameters and components of polarization as key
entities allowing the statistical analysis within the mean field approach. Presumptions included on
physical grounds are invariance under permutations, pseudorandom distribution of polarization,
and dipole-dipole interaction. Outputs of the 8x8x8 15-atom supercells model comprise switching
of individual supercells, its correlation and pair distribution functions with the temperature and
dipole-dipole interaction as parameters. A conceptual development is abandoning the “local
fields” as an artificial fitting parameter supporting the symmetry breaking [3] and here
implemented in effective Hamiltonian as a natural consequence of first principles lattice

dynamics.

[1] P. Gehring, H. Hiraka, C. Stock, S.-H. Lee, W. Chen, Z.-G. Ye, S. B. Vahrushev, Z. Chowdhuri, Phys. Rev.B 79, 224109 (2009)
[2] S.A. Prosandeev, E. Cockayne, B.P. Burton, S. Kamba, J. Petzelt, Yu. Yuzuk, R.S. Katiyar, Phys. Rev. B 70 134110 (2004)

[3] B.P.Burton, E. Cockayne, S. Tinte, U.V. Waghmare, Phase Transitions, 79, 2006, pp.91-121
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KRISTALISKAS STRUKTURAS UN ATOMU POZICIJU NOTEIKSANA,
IZMANTOJOT EXAFS

A. Kalinko, A. Kuzmin
Latvijas Universitates Cietvielu fizikas institiits

EXAFS spektroskopija ir efektiva eksperimentala metode vielu struktiiras
noteikSanai. Kristaliskas cietas vielas, kur eksisté gan tuva gan tala kartiba, difrakcijas
metode atlauj pilnigi izpétit So vielu struktiru un atomu izvietojumu elementara
kristalografiska $tina, ka ar1 lokalo atomu dinamiku.

Saja darba tika izstradata metode, kas lauj noteikt kristala struktiiras parametrus
(rezga parametri un atomu pozicijas elementara $ina) tie$i no EXAFS spektriem. Sim
mérkim tika izstradata programma, kura sistematiski izmaina struktiiras parametrus,
salidzinot fazi atbilstoSiem teorgtiskiem un eksperimentaliem EXAFS spektriem.
Savienojumam ar dazada tipa atomiem vienlaikus var izmantot vairakus EXAFS
spektrus. Tas lauj butiski nostabilizet iegtito risinajumu.

Darba tiks paraditi struktiiras noteikSanas pieméri ReOs, kuram ir perovskita-tipa
struktiira ar vienu struktiiras parametru, ka ari NiWO, ar vairakiem struktiiras
parametriem un iesp€ju izmantot volframa un cinka absorbcijas malas EXAFS spektrus.

DETERMINING CRYSTAL STRUCTURE AND ATOMIC POSITIONS USING
EXAFS

A. Kalinko, A. Kuzmin
Institute of Solid State Physics, University of Latvia

EXAFS spectroscopy is a powerful experimental technique for the local structure
determination in both ordered and disordered materials. In crystalline compounds, a
combination of EXAFS and diffraction methods allows a complete characterization of
lattice dynamics and static crystal structure including atomic positions within the unit
cell.

In the present work, we have developed the original method for the crystal
structure (cell parameters and atomic positions within the unit cell) determination solely
from EXAFS data. This method was implemented in the computer code, which
systematically optimizes values of structural parameters by minimizing the difference
between two total phases, corresponding to theoretical and experimental EXAFS spectra.
The method allows using several EXAFS spectra in the case of complex materials
composed of different atom types to stabilize the solution.

Two examples of the method application to ReOs, having perovskite-type
structure with single structural parameter, and to NiWO,, having wolframite-type
structure described by multiple structural parameters, will be given. In the latter case, the
possibility of simultaneous fitting of the two EXAFS spectra, measured at wolfram and
zinc absorption edges, will be shown.
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SAKARTOTA Pb,ScTa0; KRISTALISKA REZGA FAZU STABILITATE

J.Gabrusenoks
Latvijas Universitates Cietvielu fizikas institiits
Svina skandija tantalata kristali atbilst perovskitu visparéjai formulai ABxB;.xOs.
Darba ir veikts So kristalu struktiiras un dinamisko 1pasSibu aprékins no pirmajiem
principiem. DFT-B3PW aprékini tika veikti, izmantojot CRYSTALO6 programmu paketi.
Aprékinatas fononu frekvences norada uz Fm3m kristaliska rezga nestabilitati
Flg un Flu fononu modam. Tuvu nestabilitatei ir art moda F2g. Tiek analizétas R-3m, R-

3 un R3 kristaliska rezga struktiiras saistiba ar §im nestabilajam modam.

PHASE STABILITY OF ORDERED Pb,;ScTaO; CRYSTAL LATTICE

J.Gabrusenoks
Institute of solid state physics, University of Latvia

Lead scandium tantalate single crystals (PST) belong to perovskite structure with
general formula AB4B;O;. This work present ab initio calculations of structural and
dynamical properties of PST ordered crystal.

To perform the first-principle DFT-B3PW calculations the CRYSTALO6
computer code was used. Calculated phonon frequencies show instability of Fm3m lattice
for Flg and Flu phonon modes, phonon mode F2g is also close to instability. Possible

crystal R-3m, R-3 and R3 lattices in connection with these unstable modes are analysed.
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NANOSTRUKTURU VEIDOSANAS LiF KRISTALOS,
APSTAROJOT AR 15 MeV Au JONIEM

R.Grants, I.Manika
Latvijas Universitates Cietvielu fizikas institits

Pé&titas MeV energijas Au jonu izraisitas struktiiras un mikromehanisko pasibu izmainas
LiF kristalos, izmantojot atomspéka mikroskopijas un nanocietibas metodes. Sadu jonu
mijiedarbiba ar vielu un defektu veidoSana ievérojamu ieguldijumu blakus eksitonu
mehanismam dod elastisko sadursmju mehanisms. Paraugi tika apstaroti ar fluenci
5x10" joni/em™, kura nodroina treku parklasanos un efektivu struktiiras un ipasibu
modifikaciju. Konstatéts, ka apstaroSana noved pie aptuveni divkart§jas nanocietibas
palielinaSanas virsmas slani, kas tipiska radiacijas defektu agregatizacijas stadijai.
Cietinata slana biezums (4 mkm) sakrit ar péc SRIM 2008 programmas aprékinato jonu
iespieSanas dzilumu. Struktiiras petjjumi, kombingjot kimiskas kodinasanas un atomspeka
mikroskopijas metodes, visa apstarotaja zona uzrada nanostrukturéSanos, veidojoties
kolonveida graudiem ar Skérsgriezumu 100-150 nm. Veicot paraugu atkvélinasanas
eksperimentus, pétita veidotas struktiiras termiska stabilitate. Atrasts, ka pie dotas jonu
energijas un fluences, to iespaido jonu kiila intensitate. Eksperimenti, apstaroSanai
izmantojot jonu kilu stravas 30-150 nA diapazona, paradija, ka termiska stabilitate
pieaug intensivaka jonu kiila gadijuma, kad treku parklaSanas zonas materials 1sa laika
intervala tiek paklauts atkartotai jonu iedarbibai.

NANOSTRUCTURING OF LiF SINGLE CRYSTALS
IRRADIATED WITH 15 MeV Au IONS

R.Grants, I.Manika
Institute of Solid State Physics, University of Latvia

The change of structure and micromechanical properties of LiF single crystals irradiated
with 15 MeV Au ions has been studied using AFM and nanoindentation techniques. In
the case of MeV ions, the energy transfer is contributed by both the exciton mechanism
and mechanism of elastic collisions of ions with target atoms. The LiF samples were
irradiated with fluence of 5x 10" ioins/cm™ ensuring strong modifications of structure
and properties. The results showed remarkable effect of ion-induced hardening typical for
aggregation stage of radiation defects. The thickness of hardened layer (~4 pum) coincides
with the penetration depth of ions calculated using SRIM 2008. AFM studies revealed
nanostructuring of irradiated layer where columnar grains with a cross-section of 100-150
nm were observed. To evaluate the thermal stability of the damage structures, the
annealing experiments were performed. The results demonstrate that at a given ion
energy and fluence the recovery of structure and properties is affected by the intensity of
ion flux used during the irradiation. The ion beam current was varied in the range of 30 -
150 nA. The increase of thermal stability with increasing the beam current was observed.
Obviously, the formation of colloids and other complex aggregates is promoted under
conditions of high ion fluence and flux, where the bombarding ions repeatedly hit the
same crystal region with a small time delay.
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NANOINDENTESANAS PROCESI MONO-UN POLIKRISTALISKOS
Zn UN ZnO

R.Zabels', F. Muktepavela', V. Sursajeva’
! Latvijas Universitates Cietvielu fizikas institiits
? Krievijas zindtnu akadémijas Cietvielu fizikas institiits, Cernogolovka

Zinams, ka pusvaditaju ieriCu izgatavoSana un ekspluatacija biezi vien ir saistita ar
kontakta induc@tiem procesiem, no kuriem ir atkariga ierices mehaniska stabilitate.
NanoindentéSanas metode ir piemérota mehanisko 1pasSibu pétiSanai, jo ir saistita ar
kontakta inducétajiem deformacijas procesiem. To var izmantot gan maza izméra
monokristaliem, gan polikristaliem un ar1 parklajumiem, ieklaujot ari  kontakta
stabilitates noveértésanu.

Darba ietvaros tika pétiti ZnO monokristals, ar plazmas izputinasanas un ar CFI
izstradato mehanoaktivétas oksidésanas (MAOM) metodeém iegiitie ZnO parklajumi uz
stikla, ka arT tirs Zn monokritstals indentéSanas procesu salidzinasanai. Rezultati paradija,
ka ZnO monokristals ir relativi miksts materials: cietiba uz prizmatiskas plaknes ir 2.0
GPa, Junga modulis — 160 GPa. Virsmas slani ir novérojams neliels méroga efekts — pie
iespieSanas dziluma 20-50 nm cietiba palielinas lidz 3.0 GPa. Paradits, ka ZnO
monokristala indentéSanas procesi ir saistiti ar dislokaciju slidéSanas mehanismiem, kas
lidzigi Zn monokristala sastopamajiem. Salidzinot vienos apstaklos iegiitos rezultatus
ZnO monokristalam un ZnO nanostruktiiretiem parklajumiem var konstatét, ka pedejiem
fazu-strukturas faktora dél ir lielaka ciettba — 9 GPa, bet Junga modulis 120 GPa.
Parklajumus raksturo liela adh&zija ar stiklu. Indenté€Sanas laika deformacija notiek bez
plaisu veidoSanas un péc bezdislokacijas mehanisma.

NANOINDENTATION PROCESSES IN Zn AND ZnO SINGLE- AND
POLYCRYSTALS

R.Zabels', F. Muktepavelal, V. Sursajeva2
! Institute of Solid State Physics, University of Latvia
? Institute of Solid State Physics, Russian Academy of Sciences, Chernogolovka

It is known that in the production and utilization of semiconductor devices is often connected
with contact-induced processes. These processes influence mechanical stability of the device.
Nanoindentation is a well suited method for testing mechanical properties because it is related to
the deformation of the contact-induced processes. This method can be used for small-sized single
crystals, as well as for polycrystalline thin films, including estimate of the contact stability.

Within extent of this work a ZnO single crystal, polycrystalline thin films on glass obtained
by magnetron ion sputtering and the mechanoactivated oxidation method (MAOM) developed in
CFI have been investigated. Additionally for comparison of indentation processes measurements
on the Zn single crystal also have been carried out. Results show that the ZnO single crystal is
relatively soft material with hardness of 2.0 GPa on the prismatic plane and Young’s modulus of
160 GPa. In a thin layer of surface hardness tends to increase reaching 3.0 GPa on the surface
(indentation depth of 20 — 50 nm) — this effect may be attributed to so called indentation scale
effect. Indentation processes in the ZnO single crystal are closely related to those found in the Zn
single crystal which includes mechanisms of dislocation sliding. When comparing results for ZnO
single crystal and nanostructured ZnO films obtained at similar conditions it can be seen that
phase-structure factor of coatings leads to increase of hardness up to 9 GPa, leaving modulus at
120 GPa. Coatings are characterized by high adhesion with glass. Indentation induced
deformation in ZnO coatings occurs without the sliding of dislocations and the appearance of
micro-cracks.
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TIBr KRISTALU IPASIBAS ATKARIBA NO AUDZESANAS METODEM

M. Sorohovs, L. Grigorjeva
Latvijas Universitates Cietvielu fizikas institiits

TIBr kristali ir vieni no perspektivakajiem materialiem X- un gamma starojumu istabas
temperatiiras detektoru izgatavosanai. Saja darba tiek salidzinati dazadas izcelsmes TIBr
jonizgjoSa starojuma detektoru kristali. Paraugi tika sanemti no Maskavas I'PE/IMET
institlita (audze kristalus ar Bridgerman-Stockbarger metodi) un no Vacijas Korth Crystal
(audze ar Horizontal Molting zone metodi). Tika pétitas kristalu optiskas ipasibas (zemo
temperattiru luminescence, fundamentala absorbcijas mala), virsmas 1pasibas (virsmas
apstrades kvalitates kontrole ar optiskas mikroskopijas palidzibu), elektriskas 1paSibas
(volt-amper raksturliknes). No Siem kristaliem tika izgatavoti radiacijas detektori un
test€tas So detektoru spektrometriskas ipasibas, izmantojot X- un gamma starojuma
avotus. legiitie rezultati tika apkopoti un analiz€ti, lai noteiktu piemerotako kristalu
audzesanas metodi, ka arT dotu rekomendacijas kristalu razotajiem.

PROPERTIES OF TIBr CRYSTALS:
DEPENDECE ON GROWTH METHODS

M. Shorohov, L.Grigorjeva
Institute of Solid State Physics, University of Latvia

TIBr crystals are one of prospective material for the detection of X- and y- rays operating
at room temperature. In present work are compared the TIBr crystals grown by different
companies. The samples were obtained from Moscow ['PE/JMET institute (grown by
Bridgerman-Stockbarger method) and German Korth Crystal Company (grown by
Horizontal Molting zone method). The samples were investigated using optical methods
(low temperature luminescence and fundamental absorption edge), surface properties
(control of the surface processing quality by optical microscope method) and electrical
properties (volt-ampere characteristics). The radiation detectors were made from these
samples. The spectrometrical characteristics of the detectors were tested of the detectors
using X- and y-ray sources. The obtained results were summarized and analyzed with a
goal to choose the acceptable growing method and give the recommendation to improve
the crystal quality.
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MODIFICETA KNN CIETA SKIDUMA SINTEZE UN
DIELEKTRISKAS IPASIBAS

I.Smeltere, M.Antonova, A.Kalvane, M.Livins, V.Zauls
Latvijas Universitates Cietvielu fizikas institits

Bezsvina pjezoelektriskas keramikas (Ko.sNag.5)(Nb;xSby)O3+0.5mol.%MnO,,
(Ko.sNags)(NbjxTax)O3+0.5mol.%Mn0O, tika izgatavotas, izmantojot tradicionalo
keramikas tehnologiju. Optimalas sakepS$anas temperatiiras ir robezas no 1100° — 1170°C
atkariba no kompozicijas sastava. SablivéSanas sakepSanas cela notiek loti Saura
temperatiru intervala, novirzoties no kura blivums ievérojami samazinas. Tas pats
noverots ar1 dielektrisko un pjezoelektrisko Ipasibu mérijumos. KNN cieta Skiduma
modificéSana uzlabo keramikas 1pasibas. Tiek veicinata sakepSana, galarezultata iegiistot
blivakus paraugus; blivums pieaug no 4.26g/cm’ (94.0% no teorétiska blivuma) tiram
KNN lidz 4.40 g/cm3 (97% no teorétiska blivuma) ar Mn/Sb>" un Mn/Ta’ ‘modificétam
keramikam.

Fazu parejas pikis pie T, paliek plataks, picaugot aizvietoSanas pakapei, kas norada uz
pareju no klasiska segnetoelektrika uz relaksortipa segnetoelektriki. Salidzinot ar tiru
KNN, modificétas keramikas paraugiem dielektriskas un pjezoelektriskas ipaSibas
ievérojami pieaug: € pie T, pieaug no 6000 KNN lidz 12400 KNN aizvietotam ar Sb
(x=0.04), d33 =92 + 192pC/N, k,= 0.32+ 0.46 k; = 0.34 + 0.48.

SYNTHESIS AND DIELECTRIC PROPERTIES OF MODIFIED
KNN SOLID SOLUTION

I.Smeltere, M.Antonova, A.Kalvane, M.Livinsh, V.Zauls
Institute of Solid State Physics, University of Latvia

Lead-free piezoelectric ceramics (Ko.sNag s)(Nb; xSbyx)O3+0.5mol.%MnO,,
(Ko.sNag s)(Nb;xTax)O3+0.5mol.%MnO, with single phase perovskite structure were
prepared by conventional ceramic technology. The optimal sintering temperatures of
compositions were within 1100° — 1170°C. It has been found that densification occurs
within a narrow temperature range, and the density decreases apparently when the
sintering temperature slightly exceeds optimal one. The same tendency was observed in
the case of dielectric and piezoelectric properties. The co-effects of MnO, doping and Sb
or Ta substitution lead to improvements in the properties of KNN. Doping elements
promote the sintering and improves the densification in comparison with pure KNN. The
samples reached density from 4.26g/cm’ (94.0% of theoretical density) for pure KNN to
4.40 g/em’® (97% of TD) for Mn/Sb " and Mn/Ta>"co-doped ceramics.

Phase transition peak at T, becomes broadened gradually with increasing x indicating the
appearance of a diffuse phase transition. It is suggested that the substitution of B-site of
the perovskite structure in KNN ceramics gives a transition from a classical ferroelectric
to relaxor — like ferroelectric. Compared with pure KNN, the co-effects of MnO, doping
and Sb>" substitution for Nb>* lead to significant improvement in the dielectric
permittivity, piezoelectric charge coefficient d33 as well as planar k, and thickness k;
coupling coefficients: ¢ at the T, increased from 6000 (Ko sNays)NbO; to 12400, d33 =92
+192pC/N, k,= 0.32+ 0.46 k; = 0.34 + 0.48 for Sb-substituted KNN (x=0.04).
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RELAKSORU STAVOKLA APRAKSTS PMN-ST-PT
CIETO SKIDUMU SISTEMA

M.Dunce, M.Antonova, M.Kundzin§, E.Birks
Latvijas Universitates Cietvielu fizikas institiits

Relaksoru stavoklis segnetoelektrikos tradicionali tiek aprakstits, pienemot:

- statiskas dielektriskas caurlaidibas temperatiiras atkaribu, ko raksturo tas nepartraukta
palielinasanas, pazeminoties temperatiirai;

- relaksacijas laiku sadalfjuma funkciju g(Int) intervala no Ty [IdZ Teworr KUr Teueofr
temperattras atkariba seko Fogela-FulCera likumam, diverggjot pie noteiktas temperatiiras
T<Ty, (T, — dielektriskas caurlaidibas maksimuma temperatiira).

Sis interpretacijas pamata ir polaro mikroapgabalu relaksacija argja elektriska lauka klatbatng,

relaksacijas laika divergences jeb iesalSanas iemesls ir $o apgabalu mijiedarbibas palielinasanas.

Aprakstitie priekSstati &rti izskaidro eksperimentali noteikto maksimuma paradiSanos

dielektriskas caurlaidibas temperatiiras atkariba un ta nobidi, mainoties mérlauka frekvencei. Ta

ka pie T<T¢ relaksacijas mehanisms, kas nosaka dielektriskas caurlaidibas izturé$anos pie T>Tg,
vairs nedarbojas, eksperimentali konstatetas relaksacijas izskaidroSanai pie zemam temperatiiram
tiek mekleti citi mehanismi.

Saja darba tiek paradits, ka relaksaciju var aprakstit viena kopgja relaksacijas mehanisma ietvaros

gan virs, gan zem T:. No $ada apraksta automatiski seko, ka reala iesalSana segnetoelektroskajos

relaksoros nenotiek, ta vieta T.u.or VErttba monotoni samazinas, pazeminoties temperattirai abpus

T:. Relaksaciju raksturojoSo parametru temperatiras atkariba satur informaciju par statiskas

dielektriskas caurlaidibas un T...fr temperatiiras atkaribam. Tapat ka ieprieks$ izstradatie modeli

arT Sie priekSstati pagaidam nedod skaidrojumu par relaksacijas laiku sadalijuma funkcijas
raksturu.

DESCRIPTION OF RELAXOR STATE IN PMN-ST-PT
SYSTEM OF SOLID SOLUTIONS

M.Dunce, M.Antonova, M.Kundzinsh, E.Birks
Institute of Solid State Physics, University of Latvia

The relaxor state in ferroelectrics is traditionally described, assuming:

- temperature dependence of static dielectric permittivity, which is characterized by its
continuous increasing, if temperature is decreased;

- distribution function of relaxation times g(Int) in range between T, and Tuo, Where
temperature dependence of T..or follows Vogel-Fulcher law, diverging at a definite
temperature T¢<T,, (T, — temperature of maximum of dielectric permittivity).

This interpretation is based on relaxation of polar microregions in presence of external electric
field. The reason of divergence of relaxation time or freezing is increasing of interaction between
these microregions. The described concepts conveniently explain the experimentally stated
appearance of maximum in temperature dependence of dielectric permittivity and its shift, when
frequency of measuring field changes. Since the relaxation mechanism, which determines
behaviour of dielectric permittivity at T>Tg, does not work at T<Ty, there are needed other
mechanisms to explain the experimentally stated relaxation at low temperatures.
In this work it is showed that the relaxation can be described within the framework of one
common relaxation mechanism both above, and below T, From such a description it
automatically follows that real freezing in ferroelectric relaxors does not occur, instead Ty ofr
value monotonously decreases, if temperature decreases from both sides of Ty Temperature
dependence of the relaxation describing parameters contains information about temperature
dependences of static dielectric permittivity and T..or. As well as previously developed models,
these concepts for the present time do not explain the nature of distribution of function of
relaxation times.
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FOTOSTIMULETIE PROCESI MIKROTILPUMOS
UZ ROBEZVIRSMAS Sb/Se

O.Simane, V.Gerbreders, V.Kolbjonoks, E.Sledevskis, A.Bulanovs
G. Liberta Inovativas mikroskopijas centrs, Daugavpils Universitate

Saja pétfjuma tika veikta Sb/Se daudzslanu plano kartinu optisko un elektrisko
1pasibu izpete. Tika noteikts, ka butiskakas izmainas pétitajos objektos norisinas difuizijas
bridi slanu robezvirsmas mikrotilpumos, kad petamie objekti tiek paklauti tiesai sildiSanai
vai apstaroti ar intensivu lazera staru. Tika iegtti un analiz€ti dati par fazu pareju no
nesakartota uz sakartotu stavokli, kas novéroti mikrosekunzu intervala Sb-Se
robezvirsmas mikrotilpumos. Peétijuma tika iztirzatas strukturalas izmainas, kas tiek
noverotas pec apstaroSanas ar femtosekunzu lazerstarojumu, ieskaitot fazu pareju no
amorfa uz kristalisko stavokli.

STIMULATED CHANGES IN Sb/Se MULTILAYERED FILM

O.Shimane, V.Gerbreders, V.Kolbjonoks, E.Sledevskis, A.Bulanovs
G.Liberts Innovative Microscopy Center, Daugavpils University

The process in Sb/Se nanomultilayered thin film has been studied. It was shown
that essential changes of optical parameters (transmission and reflection) and of the
electrical conductivity occur due to the interdiffusion stimulated by direct heating or by
the influence of the intensive laser beam (femtosecond laser irradiation). The photo- and
thermoeffects observed critically change with time. The origin of these different
phenomena is discussed.
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DZELZS JONU PIEMAISIJUMU LUMINISCENCE APSTAROTOS
MAGNIJA OKSIDA KRISTALOS

V. Skvorcova
LU Cietvielu fizikas institiits

Magnija oksids ir perspektivs materials gamma un neitronu starojuma
dozimetrijai. Magnija oksida fotoluminiscence, ierosinata ar dazadu veidu starojumu, tiek
plasi petita. Darba tiek pétiti fotoluminiscence (PL), tas ierosmes spektri (PLE) un
absorbcijas spektri magnija oksida paraugiem ar dazadam dzelzs jonu piemaisijumu
koncentracijam péc apstaroSanas ar atriem neitroniem un atkvélinasanas.

MgO kristalu (apstarotu un neapstarotu) fotoluminiscences spektri satur joslu pie
~760 nm un vaju joslu ar maksimumu ~440 nm. Papildus nov@rotas Sauras Iinijas, kas
saistitas ar Cr’" joniem. P&c apstaro$anas fotoluminiscences spektra paradas joslas 500 un
920 nm (A=420 nm) un plecs pie 650 nm (A=340 nm). P&c atkvélinasanas
fotoluminiscences joslas 440 nm (Aex=214 nm) intensitate ir salidzinama ar 760 nm joslas
intensitati, bet plecs pie 650 nm ( A=340 nm) un 500 nm (A=420 nm) josla pazid.
Paradits, ka PL intensitate ir stipri atkariga no atkv€linasanas temperatiiras, apstaroSanas
apstakliem un piemaisijumu satura. Tiek apspriesta apstarotu un atkvélinatu MgO kristalu
luminiscences joslu iesp&jama izcelsme.

LININESCENCE OF IRON ION IMPURITY IN IRRADIATED
MAGNESIUM OXIDE CRYSTALS

V. Skvortsova
Institute of Solid State Physics, University of Latvia

Magnesium oxide has been investigated as a possible candidate material for
gamma (y ) and neutron dosimetry. Photoluminescence (PL) of magnesium oxide
(MgO), when excited in various ways, has been the subject of a number of studies. In this
paper we present the results of investigation of the photoluminescence (PL), its excitation
and optical absorption of MgO crystals with different iron ion impurity concentration
exposed to fast neutron irradiation and after annealing.

The photoluminescence spectra of MgO crystals (both nonirradiated and
irradiated) contain band at ~ 760 nm and a weak band with a maximum at ~ 440 nm. In
addition, we observed sharp lines, which belong to the R and N-lines of Cr’* ions. After
irradiation the new bands appear in PL spectra (A= 420 nm) at 500 and 920 nm and the
shoulder at 650 nm (A=340 nm) is observed. After annealing the 440 nm
photoluminescence band (A=214 nm) intensity increases and is comparable to the
intensity of the 760 nm band. The shoulder at the 650 nm (A= 340 nm) and the 500 nm
band (Ax=420 nm) disappears in PL spectra after annealing. It is shown that the PL
intensity of MgO crystal strongly dependents on treatment temperature, radiation
conditions and content of impurities. The origin of the luminescence bands in irradiated
with fast neutrons and annealed MgO crystals are discussed.
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AR Eu"AKTIVETU TITANA, INDIJA UN CINKA OKSIDU LUMINISCENCE

Z.Alute, L.Grigorjeva, D.Millers
Latvijas Universitates Cietvielu fizikas institiits

Gaismas caurlaidigi vadosi oksidi (TCO) ir svarigi elementi plano kartinu fotovoltaiskas
ierices, organiskajas gaismas diodés (OLED) un citur. Parasti pielietotie materiali, kurus
izmanto ka TCO ir indija - alvas oksids (ITO), ar Al, Ga vai Mg aktivéts ZnO
(AZO;GZO;MZ0), indija — cinka oksids (IZO). TCO struktiiras, optisko un elektrisko
1pasibu izpéte ir aktuala.

Darba apkopoti ar Eu’" joniem aktivétu ZnO, In,Os un TiO, oksidu pétijumu rezultati.
Eu®" jons ir lietots ka luminiscenta zonde struktiiras un defektu stavoklu izp&tei.

Paraugu sagatavoSanai izmantota augsto temperatiiru cietvielu reakcija. Pulveru
morfologija analizéta, uzpemot SEM att€lus, struktiiras analizétas, lictojot Ramana
spektrus.

Tika pétiti luminiscences spektri Eu’” jona Dy—'F, un *Dy—'F, pareju spektralaja
rajona un luminiscences dzi$anas kingtikas. Ir salidzindta un analizéta Eu’* jona
apkartnes simetrija un sadalijums pa dazadam vietam, kuras Eu’" jons ir iebuvéjies ZnO,
In,O3 un TiO, oksidos.

LUMINESCENCE OF TITANIUM, INDIUM AND ZINC
OXIDES DOPED WITH Eu*

Z.. Alute, L.Grigorjeva, D.Millers
Institute of Solid State Physics, University of Latvia

Transparent conductive oxides (TCO) are important elements in thin film photovoltaic
devices, organic light emitting diodes (OLED) and others. The materials used for TCO
are indium -tin oxide (ITO), Al,Ga,Mg doped ZnO (AZO;GZO;MZO0O), indium —zinc
oxide (IZO). The studies of structural, optical and electrical properties of TCO are actual.
In present work the results of studies of ZnO, In,O; and TiO, doped with Eu’" were
presented. The Eu®" ion was used as a luminescence probe for structure and defect states
studies.

The high temperature solid state reaction was used for the samples preparation. The SEM
images and Raman spectra was obtained for the powders morphology and structure
testing.

The luminescence spectra in spectral region of Eu’" ion ’D¢—'F, and *Dy—'F,
transitions and luminescence decay time was measured. The symmetry of Eu’" ion
surrounding and distribution of different sites occupied by Eu ** in ZnO, In,O; and TiO,
were compared and analyzed.
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DAZADI ,,UP-CONVERSION” LUMINISCENCES MEHANISMI AR Er**
JONIEM AKTIVETOS SILIKATA STIKLA UN STIKLA KERAMIKA

J.Griibe, G.Doke, A.Sarakovskis, M.Springis
Latvijas Universitates Cietvielu fizikas institits

Darba tika sintezéts oksifluorida silikata stikls ar $adu sastavu: SiO,-Al,03-Na,COs-NaF-
LaF;-ErF;. Pec stikla termiskas apstrades kristalizacijas temperatira izveidojas stikla
keramika, kas satur LaF 3:Er" kristalitus ar izméru ~ 20 nm. Dazadas temperaturas tika
pétitas stikla un stikla keramikas ,,up-conversion” luminiscence, tas ierosmes spektri un
kin€tikas. Tika noskaidrots, ka stikla keramika galvenais ,,up-conversion” procesa
mehanisms istabas temperattira ir ierosinata stavokla absorbcija, toties zema temperatira
domingjosais ir energijas parneses process. ST procesa izskaidrosanai apskatitas optiskas

- . + . 4 4 4 - & =
parejas starp Er’ jona “Ijsp, "I112 un "F7, ITmenu Starka komponentém.

MECHANISMS OF ,,UP-CONVERSION” LUMINESCENCE IN SILICATE
GLASS AND GLASS CERAMICS DOPED WITH Er’* IONS

J.Grube, G.Doke, A.Sarakovskis, M.Springis
Institute of Solid State Physics, University of Latvia

Oxyfluoride silicate glass SiO;-Al,03-Na,CO;s-NaF-LaF;-ErF; was synthesized. Glass
ceramics, containing LaF3:Er’™ crystallites of size ~20 nm in the glass matrix, was
obtained after the heat treatment of the precursor glass in the vicinity of the
crystallization temperature. Spectra and kinetics of the up-conversion luminescence as
well as its excitation spectra measured for the glass and glass ceramics were studied at
different temperatures. The up-conversion transients showed that at room temperature the
dominant mechanism of the up-conversion luminescence in the glass ceramics is excited-
state absorption while at lower temperatures energy-transfer mechanism prevails. The
origins of these differences are discussed in terms of the transitions between Stark

. . + .
manifolds of 411 52, 4111/2 and 4F7/2 states in Er** ions.
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Mn** KA PARAMAGNETISKA ZONDE OKSIFLUORIDU STIKLU UN
KERAMIKU PETIJUMIEM

A.Fedotovs, Dz.Berzins, A.Sarakovskis, U.Rogulis
Latvijas Universitates Cietvielu fizikas institits

Parejas elementu piejaukumjoni var tikt efektivi izmantoti ka paramagnétiskas
zondes vielas kristalografiskas struktiras p&tijumiem ar magnétisko rezonansu metodém.

Saja darba ka zondi més izmantojam Mn”" piejaukumu oksifluorida stikla un no ta
izveidota stikla keramika, ka ari atseviSkas to komponent€s. Abas faz€s tika noverota
Mn®" jonam raksturiga EPR hipersikstruktiira. Novérotie spektri tika salidzinati ar
LaF;:Mn®" pulverveida paraugu EPR spektriem, kur ir novérojama ipasi izteikta Mn*"
jona superhipersikstruktiiras mijiedarbiba ar apkartesosajiem fluora atomiem.

Referata tiks apspriesti un interpretéti noverotie EPR spektri oksifluoridu stiklu un

keramiku uzbuves strukturas konteksta.

Mn?* AS A PARAMAGNETIC PROBE FOR STUDIES OF
GLASS AND CERAMICS

A.Fedotovs, Dz.Bérzins, A.garakovskis, U.Rogulis
Institute of Solid State Physics, University of Latvia

Transition elements are effective as paramagnetic probes for studies of the
crystallographic structure of the matter with methods of magnetic resonances.

In the present work we used Mn®>" dopant in the oxyfluoride glass and ceramics and
in separate their counterparts. In both phases, the hyperfine structure of the EPR spectra
characteristic to the Mn”>" ion have been observed. Obtained spectra were studied in
comparison with LaF3:Mn®" powder EPR spectra, which have very pronounced
superhyperfine interaction of Mn*" ion with surrounding fluorine nuclei.

The observed EPR spectra will be discussed and interpreted in the context of the

structure of oxyfluoride glass and ceramics.
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Al,O3; PULVERU LUMINISCENCE PIE ZEMAM TEMPERATURAM

D.Jakimovi¢a, L.Trinklere, B.Bérzina, V. Korsaks
Latvijas Universitates Cietvielu fizikas institiits

Tika pétita fotoluminiscence (PL) aluminija oksida (Al,03) makro un nanopulveros. Abos
Al03 paraugu veidos PL spektros paradas divas joslu grupas (300-600 nm un 650-900
nm), kuras sastav no vairakam dazadas izcelsmes apaks$joslam. PL spektru izpéte pie
zemam temperatiram (Iidz 7 K) paradija, ka lidz ar temperatiiras pazeminasanu 1) PL
intensitate pieaug 2 Iidz 4 reizes, 2) luminiscences joslu intensitasu savstarp€ja attieciba
mainas, 3) garo vilnu joslai paradas sikstruktiira. So Ipasibu analize palidz interpretét
atseviSko luminiscences apak$joslu izcelsmi. PE&tito paraugu luminiscences ipaSibas
nosaka galvenokart piemaisijumu joni (dzelzs, hroms un titans), bet arl pasvielas un
virsmas defekti piedalas luminiscences procesos. Pie zemam temperatiiram aluminija
oksida nanopulver1 virsmas defektu loma klist izteiktaka.

LUMINESCENCE OF Al,0O; POWDERS AT LOW TEMPERATURE

D.Jakimovica, L.Trinklere, B.Berzina, V. Korsaks
University of Solid State physics, University of Latvia

Photoluminescence (PL) has been studied in the alumina (Al,0s;) bulk and nanosize
powders. PL spectra of both bulk and nanosize powders consist of two broad complex
emission bands (300-600 nm and 650-900nm), containing overlapping bands of different
origin. The study of thermal evolution of PL in the range of 300-7 K has shown that with
the decrease of temperature 1) PL intensity increases by factor of 2 to 4, 2) relative yield
of emission bands changes, 3) the long wavelength band becomes resolved into fine
structure. Analysis of these features help to ascribe emission subbands to definite defects
taking part in the luminescence process. The luminescence properties of the studied
alumina powders are determined mainly by presence of impurity defects (iron, chromium
and titanium ions). Intrinsic and surface defects also contribute to the luminescence
processes. At low temperatures the decisive role of the surface defects in nanosize
alumina powder becomes more pronounced.
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FOTOIEROSINATAS AZOBENZOLA-POLIMERU KARTINU
VIRSMAS OPTISKAS IPASIBAS

E.Laizane, B.Niparte, D.Gustina
Latvijas Universitates Cietvielu fizikas institits

Azobenzola molekulam ir raksturigs atgriezenisks optiskas parslégsanas efekts, kuru
nosaka pareja starp diviem stabiliem molekulas stavokliem. Tas nozimé€, ka, apgaismojot
molekulu ar noteiktu vilpa garuma gaismu, ta maina savu stavokli no trans-izoméra uz
cis-izomeéru vai otradi.

Darba ir pétitas azobenzola molekulu fotoizomerizacijas procesi planas poliméra kartinas.
Ir izvEléti 5 originali azobenzola atvasinajumi, kuros mérktiecigi ir mainitas funkcionalas
grupas. Vispirms novért€jam poliméra plano kartipu ar p&tamo molekulu piejaukumu
iegiiSanas iesp€jas. P&c tam apskatam optiska blivuma izmainas (pie 360 nm), kin€tiku un
atgriezeniskumu planas kartinas, tas apgaismojot molekulu trans — cis — ( apm. 360 nm )
un cis — trans — (apm. 450 nm ) pareju joslas. Ka ar1 paradam fotostacionaro stavoklu
veidoSanos un gaismas jaudas ietekmi uz fotoizomerizacijas procesiem planas kartinas.

PHOTOINDUCED OPTICAL PROPERTIES OF
AZOBENZENE-POLYMER FILMS

E.Laizane, B.Niparte, D.Gustina
Institute of Solid State Physics, University of Latvia

Azobenzene molecules have reversible optical switching effect between two stable states.
It means that irradiate molecule with one wavelength change from trans- isomer to cis-
isomer and irradiated with another wavelength change from cis — isomer to trans- isomer.
In the work was chosen 5 original azobenzene derivatives with different substitutes. Host
— guest systems were prepared by spin — coating method. Samples were irradiated with
alternate light in ultraviolet spectral region at ~360nm and visible spectral region at
~450nm, which correspond to trans—>cis and cis—>trans isomerisation respectively. The
response of absorbance at main absorption band (~360nm) on alternate irradiation was
measured. The reversible photoinduced optical density change (AD) and response time
(t) due to photoisomerization on molecules structure will be discussed. Also we will
show influence of light intensity on photoisomerisation process.
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ZALAS GAISMAS ELEKTROLUMINISCEJOSO SISTEMU IZVEIDE

M.Porozovs, A.Vembris, J.Latvels
Latvijas Universitates Cietvielu Fizikas institits

Misdienas  arvien  vairak  zinatniskas  grupas  pieveér§  uzmanibu
elektroluminiscences pétijumiem organiskas vielas, lai varétu radit augstas efektivitates
organiskas gaismas emitgjosas diodes (OGED). Tikai pirms neilga laika Latvija saka
nodarboties ar OGED izveidi un elektroluminiscences pétijumiem organiskajas viela.
OGED veido no vairakiem slaniem un tadel Sadas sist€mas pagatavoSana ir viens no
grutakajiem darbiem elektroluminiscences pétijumos. Pamata izmanto divas kartinu
uzneSanas metodes: vakuum-sublim&Sanas un Skiduma uzlieSanas.

Saja darba paradisim, ka izveidot zalas gaismas emitgjosu sistému, kura sastav no
elektrodiem un elektroluminiscgjosas vielas (Alqs). Elektroluminiscences efektivitates
palielinaSanai starp elektrodiem un luminiscgjoSo vielu tika ievietots caurumu
(PEDOT:PSS) un/vai elektronu (LiF) injic€joss slanis.

DEVELOPMENT OF GREEN LIGHT EMITTING
ELECTROLUMINESCENCE SYSTEMS

M.Porozovs, A.Vembris, J.Latvels
Institute of Solid State Physics, University of Latvia

Organic materials attract significant attention due to there possible application in
optoelectronic devises, such as organic light emitting diode (OLED). In recent year
laboratories from Latvia pay attention to electroluminescence processes in organic
materials. OLED preparation is difficult task due to its multilayer structure, where every
layer should be with definite properties and dimensions. Mostly use two methods for
layer deposition: vacuum sublimation and spin — coating.

In this work was made green light emitting diode, which consisted from
electrodes and electroluminescence matter (Alqs). Hole (PEDOT:PSS) and electron (LiF)
layer were used between electrodes and Algs to get higher electroluminescence
efficiency. Optical and electrical properties of these diodes will be discussed.

49



FOSFORISCENTO MATERIALU SINTEZE UN
LUMINISCENTO IPASIBU IZPETE

V.Liepina
Latvijas Universitates Cietvielu fizikas institits

Ilgi spidoSiem fosforiem, pieméram, ar retzemju elementiem aktivétiem
aluminatiem vai silikatiem ir laba pielietojamiba dazadas jomas, pieméeram,
apgaismojuma ieric€s, norazu zimes, optiskajas atminas u.tml., tade] peéd&jos gados to
izpétei ir pievérsta liela uzmaniba. Sie materiali tiek ierosinati ar redzamo gaismu un
emité lielaka vilpa garuma un zemakas intensitates gaismu, kas noved pie ilgas
pecspidésanas.

Veikta cietas fazes sint€ze mikrovilpu augsttemperatiras krasni slapekla
atmosfera. Par pamatmaterialiem izmantoti SrCOs, Al,Os pulveri un aktivatori(Eu,O3,
Dy,05).5adi iespgjams sintezét dazadu veidu aluminatus, kas ir labi ilgi spidosi fosfori ar
augstu kvantu iznakumu [1]. Reaggjoso vielu koncentracijas un sagatavoSanas process
butiski ietekm& materiala luminiscentas T1pasibas. Tadel tika izmantoti dazadi
sagatavoSanas apstakli un vielu koncentracijas, lai izpétitu, ka tas ietekmé& konkré&to
materialu luminiscentas 1pasibas.

legiitajiem materialiem uznemti luminiscences spektri un to dziSanas kinétikas.
Veikta struktiiras un kimiska sastava noteikSana. Lai noteiktu procesus, kas atbildigi par
luminiscences ilgo p&cspidésanu veikti luminiscences pétijumi atkariba no temperatiiras.

P&tijuma merkis bija gt pieredzi ilgi spidoso aluminatu sint€z€, kas butu par bazi
talakiem eksperimentiem un pétijumiem ilgi spidoso materialu joma.

THE SYNTHESIS AND THE STUDY OF LUMINESCENT PROPERTIES OF
PHOSPHORESCENT MATERIALS

V.Liepina
Institute of Solid State Physics, University of Latvia

Long lasting phosphors, for example, rare-earth doped aluminates or silicates
have a good potential for various applications like lighting, display and signing
applications, optical memories etc., so during the last few years a lot of attention has been
turned to the study of these materials, that are excited by visible light and resultantly emit
higher wavelength and lower intensity light, leading to long-lasting afterglow.

Solid state synthesis was carried out in high temperature microwave oven in
nitrogen atmosphere, using SrCOs, Al,O3 powders and dopants (Eu,03, Dy,0s3) as basis,
so that different kinds of aluminates, which are good long afterglow phosphors with high
quantum efficiency, can be synthesized [1].The molar concentration of the reagents and
the differences in preparation processes lead to different luminescent properties, therefore
different circumstances and concentrations were used.

The luminescent properties, like the spectra and luminescence decay kinetics of
the attained materials depending from the temperature were studied in order to determine
the processes that are responsible for the long lasting phosphorescence, as well as their
chemical structure and composition.

The goal of this research was to gain some experience in the synthesis of long
lasting phosphors, which could serve as a basis for further research in this field.

[1] P.Zhang, M.Xu, Z.Zheng, B.Sun, Y.Zhang, Materials Science and Engineering B136 (2007) 159-164
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IERAKSTA GEOMETRIJAS IETEKME UZ HOLOGRAFISKA REZGA
VEIDOSANOS TILPUMA UN UZ VIRSMAS

M.Reinfelde, J.Teteris
Latvijas Universitates Cietvielu Fizikas Institiits

Peétita virsmas reljefa un tilpuma hologrammu (HG) ieraksts un ipasibas As-S-Se plevites
He-Ne lazera (11=0,6328(1m) starojuma ietekmé. [zmantotas 1) transmisijas HG ieraksta
shéma — abi ieraksta stari krit uz paraugu no vienas puses un 2) refleksijas HG ieraksta

shéma — stari uz paraugu krit no
DEGTEI. pretgjam pusém. Pirmaja gadijuma
T ! .E_. g 2" e AFM mikroskopa attéli parada, ka uz

s N MmN parauga virsmas veidojas sinusoidals
S IVAWR\VAVSL viendimensionals HG reljefs, kura
. periods atkarigs no staru saieSanas

0,28 yum lenka, bet dzilums — ka no ieraksta
* staru savstarpgjas polarizacijas ta ari
no lenka. Ja ieraksta stari krit uz
paraugu no pret§jam pusém, ieglistam
_ visai sarezgitu virsmas reljefu, kur var
- h . jo x2aum izskirt vismaz tris dazada virziena un

0,00 pm

v 29 um o dimensiju rezgus. Acimredzot $adu
struktiiru veidoSanas saistita ar kritoSo
staru, vairakkartigas ieksejas

atstaroSanas un ierakstoSos rezgu difragéto staru savstarpgjas mijiedarbibas rezultata.
Zim&juma demonstréta ieraksta virsmas struktriira 1- optiska un 2 - AFM palielinajuma
(2 - atbilst punkt&tajam apgabalam no optiska mikroskopa attéla, 2'- rezga profils).

INFLUENCE OF RECORDING GEOMETRY ON FORMATION OF VOLUME
AND RELIEF HOLOGRAPHIC GRATING

M.Reinfelde, J.Teteris
Institute of Solid State Physics, University of Latvia

The results of surface relief and volume hologram (HG) formation in As-S-Se films
under He-Ne laser (wave-length [1=0,6328) light influence are examined. Two kinds of
recording schemes was used - 1) transmission HG scheme with recording beams from
the same side of sample and 2) reflection scheme with light beams from opposite side.
AFM pictures shows that sinusoidal one dimensional surface relief grating take place.
Grating period depends on angle between recording beams, profile height — on mutual
recording wave-beam polarisation as well as angle. At opposite recording beam direction
we receive rather complicated surface relief picture. We can distinguish at least three
kinds of gratings with different directions and dimensions. We suppose, that formation of
such structures are caused by mutual influence between recording beams, reflected inside
the sample and diffracted beams by gratings recorded in situ. Figure presented show
recorded surface structure through examination by optical microscope -1 and AFM — 2,
(picture 2 correspond to punctuated distraction of picture 1, 2 - profile or grating).
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HOLOGRAFISKAIS IERAKSTS As-S-Se SISTEMA

M.Vdovicenko, M.Reinfelde, J.Teteris
Latvijas Universitates Cietvielu Fizikas Institiits

Aplikots transmisijas un virsmas reljefa hologrammu (HG) ieraksts As-S-Se plévites.
Veiktie merjjumi parada, ka As-S-Se plévités vilpu garuma A=0,6328 pm starojuma
ietekmé veidojas transmisijas HG tilpuma, ka ar1 virsmas reljefa HG. Tas, kada veida HG
biis noteicosa, atkarigs no ierakstoSo staru savstarp&jas polarizacijas. Ja ieraksta staru
polarizacija vérsta viena virziena (lineara vai cirkulara) tad notiek klasiskais transmisijas
HG ieraksts. Saja gadijuma DE(max) sasnieg§anai nepiecie$ama ekspozicija < 10° J/cm®
un virsmas reljefs neveidojas. Ja ierakstu staru polarizacija ir pret€ji veérsta, (p-s,
ortogonala 45 gradu lenkt attieciba pret staru saieSanas plakni, ka arT pret&ja virziena
cirkulara polarizacija), tad, gaismas interferences aina neveidojas un transmisijas HG
ieraksts praktiski nenotiek, bet veidojas virsmas reljefs.. Ka parada skenéSana ar AFM,
reljefa dzilums var sasniegt 0,5 um.

HOLOGRAPHIC RECORDING IN As-S-Se SYSTEM
USING 3=0,632 pm LASER

M.Vdovichenko, M.Reinfelde, J.Teteris
Institute of Solid State Physics, University of Latvia

The results of transmission and surface relief hologram (HG) formation in As-S-Se are
examined. The results for As-S-Se films demonstrate, that under wave-length A =0,6328
um influence, transmission, as well surface relief HG recording take place. What kind of
HG will be dominating depends of light beam polarisation. If the polarisation for both
recording waves takes the same direction (linear or circular), traditional transmission HG
recording occurs. Light expositions necessaries for achieving of maximum values of
diffraction efficiencies (DE(max)) are less than 10° J/cm®. At the opposite light beam
polarisation recording of transmission HG should not be done due to absence of light
interference pattern, but the formation of surface relief takes place.

AFM measurements shows that the depth of the gratings can be up to 0.5u m.
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KARTINU SASTAVA UN BIEZUMA NOTEIKSANA NANOMETRU
DIAPAZONA AR RENTGENFLUORISCENCES METODI

L. Tiluga, J. Latvels, 1. Muzikante, L. Skuja
Latvijas Universitates Cietvielu fizikas institiits

Sp&ja fokus€t rentgenstarus apgabalos ar diametru <50 p, ko nodroSina polikapilara
rentgenoptika, dod iesp€ju izmantot rentgenfluoriscences (RF) metodi siku plano kartinu tehnika
veidotu elementu biezuma un sastava novértéSanai. Darba merkis bija noveértet spektrometra
EDAX Eagle III iespgjas noteikt zelta kartinu uz stikla pamatn€m biezumu, kuras tiek izmantotas
organiskas optoelektronikas iericu izstrade. Darba uzdevums bija noteikt apak$€jo un augsejo
merisanas diapazona robezu, un izpétit, cik stipri rezultatu var ietekm@ nev€lama pamatnes
rentgenfluoriscence.

Au kartinas ar biezumiem diapazona 32...250 nm tika iegttas, termiski iztvaic€jot vakuuma un
noseédinot uz stikla vai vara pamatn&m, kas atradas pie istabas temperatiiras. Kartinu biezums tika
neatkarigi nomerits ar profilometru Dektak-150. Tika izmeriti RF spektri uzputinatajam Au
kartinam, neparklatam pamatném (stikls un Cu) un 0.1 un 0.2 mm biezam Au folijam.

Kartinu biezuma noteik$anai tika izmantotas Au Ly; (9.71 keV) un My, (2.12 keV) RF Iinijas,
kuras neparklajas ar domingjosam pamatnes RF Imijam: 8.05(Cu K,), 8.91 keV(Cu Kp) Cu
pamatnei un 1.74 keV (Si K,), 3.31keV(K K,), 3.69 keV (Cax,), 4.01keV (Cakp) stikla pamatnei .
Au L un M Iiniju intensitate bija lineari atkariga no Au kartinas biezuma 32..250 nm diapazona.
Sekundara ierosme, ko rada pamatnes izstarota RF, nespélgja butisku lomu. 32 nm kartinas dota
RF signala kvalitate lauj secinat, ka iespgjams merit ar1 lidz pat =3 nm biezas Au kartinas. RF
signalu intensitasu attieciba kartinas un masiva Au parauga labi saskan ar attiecibu, kas
aprékinata, izmantojot NIST datubazes datus par Au rentgenabsorbcijas koeficientiem. Tas dod
iespgju novertet kartinu biezumu, salidzinot to RF ar masiva parauga RF, tadgjadi atkritot
vajadzibai kalibrét pret zinama biezuma kartinas RF. Biezakam kartinam (>250nm) var novertet
biezumu arT p&c M un L Iiniju intensitasu attiecibas.

ELEMENTAL ANALYSIS AND MEASUREMENTS OF FILM THICKNESS IN
NANOMETER RANGE BY X-RAY FLUORESCENCE

L. Tiluga, J. Latvels, 1. Muzikante, L. Skuja
Institute of Solid State Physics, University of Latvia

The high intensity and tight focusing (fwhm<=50 p) provided by polycapillary X-ray optics, give
a convenient tool for non-destructive and rapid measurement of thickness and elemental content
of thin films by x-ray fluorescence (XRF) intensity. The aim of this study was to find the range of
thicknesses of Au films on glass substrate, used in organic optoelectronics devices, which can be
determined by using X-ray fluorescence.

Au films of thicknesses in range of 32..250 nm were obtained by vacuum evaporation on glass
or Cu substrates held at 300K. Their thicknesses were independently determined by Dektak-150
stylus profilometer. XRF spectra of films, bare substrates and bulk Au samples were recorded by
EDAX Eagle Il microanalyser.

Ly1(9.71keV) and M,;(2.12keV) XRF lines of Au were not overlapped by substrate XRF lines
and were suitable for thickness measurements. The intensity of both lines was linearly dependent
on film thickness in the 32..250 nm range. The effects of secondary excitation by substrate XRF
were found to be negligible. The quality of the XRF signal of 32nm film allows to conclude, that
measurements of thicknesses down to =3 nm are feasible. The ratios between XRF intensities of
films and bulk Au sample are in agreement with NIST database data on X-ray attenuation
coefficients. This allows for direct thickness estimate based on this ratio. Alternatively, the ratio
between L and M line intensities can be also used in the case of intermediate (>250nm) film
thicknesses.
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SUBMIKROMETRU PARVIETOJUMU MERISANAS SENSORA UZBUVE UN
PIELIETOJUMS PJEZODEFORMACIJU PETIJUMIEM

R.Taukulis, V.Zauls, M.Kundzin§
Latvijas Universitates Cietvielu fizikas institits

Linearie variablie diferencialie tranformatori (LVDT) ir praks€ plasi pazistami induktivie
parvietojuma dev€ji, kas lidzas pjezorezistivajiem, kapacitativajiem un ta sauktajiem
fotoniskajiem sensoriem tiek pielietoti mehanisku deformaciju, virsmu plaknes
parvietojumu, nolieces, apstrades nelidzenuma un citiem mé&rjjumiem tehnika. Miusdienu
submikrometriskie instrumeti ar LVDT sensoru un elektronisku mérijuma rezultata
nolasiSanu sasniedz izskirSanas sp&ju pat lidz 10 nm.

Referata tiks apskatita $ada LVDT sensora darbibas princips un uzbiive, ka ari analizetas
iesp&jas sensora pielietosanai pjezomaterialu elektromehanisko 1pasibu tieSai petisanai ar
augstu izskirSanas sp&ju, izmantojot sensora elektrisko signalu mérijjumiem laboratorija
pieejamos augstas kvalitates elektroniskos mérinstrumentus. Tiks doti m&rijumu pieméri,
izverteéjot sasniedzamos parametrus, ka ar1 apspriestas metodes priekSrocibas un
trikumi salidzinajuma ar mikoroparvietojumu sensoriem, kuru darbiba balstita uz citiem
fizikalajiem principiem.

SUB-MICRON ACCURACY DISPLACEMENT PROBE FOR DIRECT
PIEZOELECTRIC RESPONSE MEASUREMENTS

R.Taukulis, V.Zauls, M.Kundzins
Institute of Solid State Physics, University of Latvia

Linear Variable Diffrential Transformer (LVDT) mechanical displacement probes work
on the inductive principle with mechanical contact of the test surface and are widely used
along with piezoresitive, capacitive or photonic probe type displacement sensors for
surface out-of-plane, tip, tilt, layer thickness determination, constant-height scans and
other applications requiring sub-micron accuracy. Modern relatively robust micrometric
instruments based on LVDT probes are cost-effective and offer high stability and
repeatability reaching resolution up to 10 nm.

We report on LVDT sensor measurement principles and demonstrate capability for direct
testing of electromechanical properties of piezomaterials reaching high resolution by
proper use of external electronic measurement setup for signal acquisition. Advantages
and drawbacks of proposed method are given in comparison with estimates for other
displacement sensors operating on different physical principles.
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NEOKLASISKO PARRAVEJ MODU IZMAINAS LAIKA BIEZU
PARTRAUKUMU REZIMA

O. Dumbrajs’, V. Igochinez, A. Gude?, M. Maraschek’, H. Zohm’
and ASDEX Upgrade Team’
'LU Cietvielu fizikas institits, Asocidcija Euratom-University of Latvia,Riga, Latvija
*Maksa Planka Plazmas fizikas institiits, Euratom-Asociacija, D-85748 Garhinga, Vacija

Tiek piedavata fenomenologiska metode neoklasisko parravéj modu izmainu laika
aprakstam biezu partraukumu rezima (FIR). Ar So metodi var noteikt FIR reZima sakumu
un beigas, ka arT FIR frekvenci. Minimalais (3,2) modas salas platums W_. , pie kura

(4,3) moda izzid, ka arT kritiskais platums W, , kuru sasniedzot (4,3) moda klust

nestabila, mérami eksperimenta. Sie lielumi uzliikojami ka fenomenologiski piedavata

. . . - \% .
modela parametri. Modelis satur vienu brivu parametru « =—p, kur Vpir plazmas
N

spiediena gradients uz rezonanses virsmas, Sir bide, /), ir normaliz&tais spiediens.

DaZzu raksturigu ASDEX Upgrade plazmas izlaZu analize atSkirigos karséSanas un FIR
reZimos lauj secinat, ka visos gadijumos o mainas tikai + 7% robezas, W __ atrodas starp

crit
6un7cmun W_. /W . =0.8.

min crit

TEMPORAL EVOLUTION OF NEOCLASSICAL TEARING MODES IN THE
FREQUENTLY INTERRUPTED REGIME

0. Dumbrajsl, V. Igochinez, A. Gudez, M. Maraschekz, H. Zohm”
and ASDEX Upgrade Team’
'Institute of Solid State Physics, Association Euratom-University of Latvia,, Riga, Latvia
*MPI fir Plasmaphysik, Euratom-Association, D-85748 Garching, Germany

A phenomenological method for description of temporal evolution of neoclassical tearing
modes in the frequently interrupted regime (FIR) is proposed. The method makes it
possible to predict the beginning and the end of the FIR regime as well as the frequency
of the FIR drops. The minimal (3,2) island width W_. at which the (4,3) mode vanishes
and the critical (3,2) island width at which the (4,3) mode becomes unstable can be
extracted from the measured ECE isotherms. These quantities are used in the model as

input phenomenological parameters. In addition the model contains one free parameter

\Y% : : : .
a=—2" which has to be determined from the experiment. Here Vp is the plasma

N
pressure gradient at the resonant surface, S is shear, and f, is normalized pressure. A
few specific ASDEX Upgrade FIR discharges with different heating and different FIR
behaviour are analyzed in detail and it is shown that with & values varied by only £7%,

w

crit

was between 6 and 7cm, and Wain /W= 0.8 in all cases.
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PARSATINATA UDENRAZA GAZES SKIDUMA RASANAS
EKSPERIMENTALA REAKTORA AR UDENRADI
VEIDOJOSAM E.COLI BAKTERIJAM

L Kleperel, I. MuizZnieks', J. Kleperis2
"Latvijas Universitates Biologijas fakultate,
’Latvijas Universitates Cietvielu fizikas institiits

Biologiski razots udenradis ir alternativs energijas iegtiSanas veids no
atjaunojamiem dabas resursiem. Bakterijas veido tudenradi Skidra vidé anaerobos
apstaklos, un, sasniedzot termodinamiska Iidzsvara koncentraciju, tidenradis difundé
gazes faz€. No gazes fazes udenradis var tikt savakts, izmantojot dazadas gazu
sadaliSanas metodes. Lai optimiz&tu bakteriju sarazota tidenraza daudzumu gazes fazg,
nepiecieSams veikt fermentacijas procesa veidojosas iidenraza gazes koncentracijas
mérjjumus Skidraja faz€. Eksperimentos, izmantojot mikrosensoru (Unisense, Danija),
tika noverota tidenraza gazes parsatinasanas Skidraja faze, savukart gazes fazeé tidenraza
koncentracija bija loti maza (m&rjjumi ar masspektrometru - RGAPro gazes analizatoru,
Setaram Instrumentation, Francija). Lai sekmé&tu tdenraza izdaliSanos gazes faze, tika
veikta eksperimentala reaktora nepartraukta barbotaza ar inertu gazi fermentacijas laika.
Misu rezultati parada, ka tidenraza parnese no Skidras uz gazes fazi rada noteiktas
tehniskas problémas, tade] tieck mekl&tas iesp&jas ka tdenradi savakt no Skidras fazes,
pieméram, izmantojot selektivi caurlaidigas membranas.

FORMATION OF HYDROGEN GAS OVERSATURATED LIQUID IN
BIOREACTOR WITH HYDROGEN PRODUCING BACTERIA E.COLI

I. Klepere 1, I. Muiznieks', J. Kleperis2
"University of Latvia, Biology Faculty,
?Institute of Solid State Physics, University of Latvia

Biological hydrogen production is an alternative way to produce hydrogen from
renewable resources for storage and usage in Hydrogen Economy. Bacteria are producing
hydrogen in the liquid phase and when thermodynamic equilibrium is reached hydrogen
is diffusing from liquid to gaseous phase. Different methods are used to collect hydrogen
from the gaseous phase. For hydrogen concentration determination in gaseous phase it is
necessary to study properly the hydrogen production kinetics in liquid phase during the
fermentation process. In our experiments the hydrogen microsensor from Unisense Ltd.
(Denmark) was used and hydrogen oversaturation in the liquid phase observed. The
presence of hydrogen in gaseous phase was measured using masspectrometer but
registered concentrations were comparatively small. To decrease the hydrogen partial
pressure in liquid phase reactor with a system for continuous bubbling with inert gas was
developed. Contradictory results were obtained therefore alternative methods for
hydrogen collection directly from the liquid using specific adsorption membranes are
considered to be implemented.
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ELEKTROVADOSU JONU SKIDRUMU POTENCIALA IZMANTOSANA
UDENRAZA ENERGETIKAS IERICES

G.Vaivars'?, LBaiza® , E.GZibovska®
!Latvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitdtes Kimijas fakultdte

Istabas temperatiira jonu Skidrumi ir gaisa stabili sali, kas sastdv no organiska
katjona un organiska vai neorganiska anjona. To dazadiba ir Joti liela. Jonu Skidrumiem
piemit augsta jonu vaditsp&ja, zema viskozitate, loti zema gaistamiba un daudzas citas
ipasibas, kas nav raksturigas polariem savienojumiem. Darba tika sintez€ti formiati,
izveéloties katjonus ar dazadiem izmériem. Jonu Skidrumu vaditsp&ju un vaditsp&jas
aktivacijas energiju noteica ar impedances metodi, bet kimisko temperatiiras stabilitati ar
termisko analizi. Izvert&ja doto parametru atkaribu no katjona.

ELECTRO-CONDUCTIVE ION LIQUIDS AND THEY POTENTIAL
APPLICATION IN HYDROGEN ENERGY DEVICES

G.Vaivarsl’z, I.Baiza® R E.GZibovska®
!Institute of Solid State Physics, University of Latvia
?University of Latvia, Faculty of Chemistry

Room temperature ionic liquids are air stable salts, composed of an organic cation
and either an organic or an inorganic anion. They are available in high variety. They
have a high electro-conductivity, a low viscosity, a non-measurable vapour pressure and
other properties non-typical for polar solvents. In this work, the formiats with different
cations have been synthesized. The electro-conductivity and its activation energy have
been measured by impedance spectroscopy. The temperature stability of the chemical
composition studied with thermal analysis. The impact of the cation size on properties
was estimated.
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POLI(ETER ETERA) KETONA POLIMERU MEMBRANAS UN TO
IZMANTOSANA UDENRAZA ATDALISANAI NO GAZU MAISIJUMA

G.Vaivars'?, K.Jurgelisz, A.Krjuékovska2
!Latvijas Universitates Cietvielu fizikas institiits
’Latvijas Universitdtes Kimijas fakultdte

Udenraza molekulas diametrs ir neliels, ja salidzina ar citam gazém, un laba
atdaliSanas selektivitate ir nodemonstréta ar1 poliméru membranas. Labai membranai ir
janodroSina gan intensiva gazu pliisma, gan augsta selektivitate. Tikai abu parametru
kombinacija nodroSina augstu atdaliSanas pakapi. Praktiskai pielietoSanai svariga ir ari
membranas stabilitate. Komercializ€tas ir poliimida un polisulfona membranas. Poliimida
membranu dzives laiks ir 7-10 gadi. Polisulfona membranas ir ievérojami 1&takas, bet to
stabilitate ir ievérojami zemaka. Saja darba tiks apskatitas iespgjas Gidenraza tehnologijas
izmantot modific@tas polisulfonu membranas, kuru stabilitate ir ievérojami augstaka.

POLYETHER ETHER KETONE MEMBRANES FOR HYDROGEN
SEPARATION FROM GAS MIXTURES

G.Vaivars'?, K.Jurgelisz, A.Krjuékovska2
!Institute of Solid State Physics, University of Latvia
?University of Latvia, Faculty of Chemistry

Hydrogen has a relatively small molecular size compared to other gases and
exhibits high selectivity ratios in glassy polymers. The ideal membrane possesses a high
flux as well as a high selectivity. The degree of separation is highly dependent on both
membrane selectivity and permeability. Additionally, the membrane must be stable at the
operating conditions of the process. Both polyimide and polysulfone membranes are
commercialized for hydrogen separation purposes. The lifetime of the polyimide
membrane is in the range of seven to ten years. Lower cost polysulfone membranes
typically could not provide comparable longevity. In this work, we report more stable
variety of polysulfone as potential polyimide replacement.
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FOTOKOTALITISKI PROCESI UDENRAZA IEGUSANAI

L. Grinberga
Latvijas Universitates Cietvielu Fizikas institits

Pasreiz gandriz 100% tidenraza iegiist izmantojot fosilos kurinamos gan tiesa, gan
netiesa veida, tadejadi piesarnojot apkart&jo vidi ar siltumnicas efektu izraisoSam gazém.
Lai nodroSinatu videi draudzigu un atjaunojamu tidenraza dzives ciklu, ir nepiecieSams $o
gazi iegiit, patergjot alternativos energijas resursus.

Fotokatalitiska tidens sadaliSana, izmantojot Saules energiju, ir viens no
risinajumiem tidenraza razoSanai videi draudziga veida. ‘Saules tidenraza’ iegiiSanas
pamatmaterials — tdens — ir dabas resurss, kur§ atjaunojas un uz Zemes ir pietiekosa
daudzuma.

Tomer vel ir jaatrisina daudz problemu Iidz $ads Gidenraza iegiisana veids kliis
ekonomiski izdevigs. Viens no uzdevumiem ir atrast vai izveidot efektivu fotokatalitisku
materialu, kur§ darbotos redzamaja gaisma, bet otrs — palielinat Saules energijas
izmantoSanas lietderibu.

Darba ir apskatiti fotokatalitiskie procesi tidenraza iegtiSanai un diskutéts par
procesa efektivitates palielinasanu.

Pateiciba: Paldies Eiropas sociala fonda projektam Nr.
2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 par finansialu atbalstu.

PHOTOCATALYSIS FOR HYDROGEN PRODUCTION

L. Grinberga
Institute of Solid State Physics, University of Latvia

At the moment almost 100% of hydrogen production directly or indirectly is
provided from fossil fuels that emits large amount of greenhouse gases. To provide a
clean and renewable life cycle of hydrogen it is necessary to produce it from clean and
renewable energy sources as well.

Photocatalytic water splitting using solar energy could be one of solutions of
environmentally friendly and clean ways of hydrogen production. The basic material for
the production of ‘solar hydrogen’ is water that is a renewable resource and on the earth it
is enough and easy to access.

However, there are many problems that must be solved before this technology
become economically feasible. One of tasks is the development of efficient photocatalyst
that works in the visible light and hydrogen storage. The other task is to increase the
efficiency of solar energy utilization.

In this work the basic principles of photocatalitical hydrogen production and
possible solutions of incensement of process efficiency is showed and discussed.

Acknowledgement:  Thanks to European Social Fund project Nr.
2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 for financial support.
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GEOMAGNETISKAS ENERGIJAS IZMANTOSANAS
IESPEJU KRITISKA ANALIZE

I.Dirba
Latvijas Universitates Cietvielu Fizikas institiits

Turpinot picaugt energijas patérinam visa pasaulg, ka arl aizvien aktualakiem
klustot jautajumiem par cilvéka darbibas izraisitajam globalajam klimata parmainam,
klust skaidrs, ka uz fosilajiem energoresursiem balstita ekonomika nav ilgtsp&jiga. Rodas
pamatota nepiecieSamiba p&c jaunu, alternativu energoresursu meklgjumiem. Uz Zemes
mums visapkart ir energija, tikai jaiemacas to panemt. Sobrid salidzino$i nepopulara,
taCu, iesp&jams, nakotné perspektiva varétu but tieSi geomagnétiskas energijas
izmantoSana tautsaimnieciba. Zemes stravas veidojas gan no dabiskos procesos, gan
cilveku ekonomisko aktivitasu rezultata inducétam stravam pasaules okeanos un Zemes
garoza. Dabiskos procesos stravas var rasties no izmainam Zemes geomagnétiskaja lauka,
ka arT no elektrovadosas skidruma masas (salsidens pasaules okeanos un juras) kustibas
Zemes magnétiskaja lauka.

Darba tiek apskatita Zemes elektromagnétiska sist€éma un izvertétas potencialas
energoieguves iesp&jas. Tiek veikti Zemes spriegumu un stravu (7elluric currents)
mérjjumi pilsétvidé, ka ari arpus tas, dienas un nakts apstaklos. Veikta rezultatu
interpretacija un izvirziti turpmakie p&tijumu objekti.

CRITICAL ANALYSIS OF POSSIBILITIES
TO USE GEOMAGNETIC ENERGY

I.Dirba
Institute of Solid State Physics, University of Latvia

Rising energy consumption in our society and economic activities of people
around the World are bringing Earth to global climate changes and quick exhausting of
fossil resources. Therefore energy based on fossil resources is not sustainable, and
alternative energy resources and technologies are being developed and implemented
worldwide. We have an energy all around us on Earth, what we need is only smart
methods to harvest it. Little knowledge today is about Telluric currents, but in future we
would use then in our economy. The Telluric currents consist of both natural and man-
induced electric currents flowing in the solid earth and oceans. The fundamental causes
of the natural currents are electromagnetic induction resulting from a time-varying,
external geomagnetic field or the motion of a conducting body (such as seawater) across
the Earth's internal magnetic field.

In our work the critical analysis of possibilities to use the geomagnetic energy is
made. Experimental measurements of Telluric currents are performed in different
environments, during days and nights. Results of measurements in city environment and
rural area measurements are compared and analyzed. Discussions about new
experimental techniques and places are given.
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SUBJEKTIVA OPONENTO KRASU NOTEIKSANA

S.Fomins, U.Atvars
Optometrijas un redzes zindtnes nodala

Krasu pécefekta subjektivai noveértéSanai tika izveidots stimuls, kas balstas uz redzes
iluzijas ,,Lilac chaser”. Stimuls sastav no 12 apliSiem, kas izvietoti pa rinki, veidojot
kombinaciju ka pulkstena ciparnica. Krasu peécefekta noverté€sanai tiek lietots vel viens
aplitis stimulu centra ar iesp&u mainit ta krasu. Aplitim ir iesp&ja mainit krasas toni,
spozumu un piesatinajumu HSL telpa. Rezultati atbalsta hipotézi, ka oponentam krasam
piemit lielaks svars, pildot piemekléSanas uzdevumu. Vairaku krasu stimuliem, kas
izvietojas plata lenkd, tiek piemekl&tas oponentas krasas, kas izvietotas Sauraka diapazona
L*a*b* krasu telpa (1.att€ls). Més ticam, ka iegttie rezultati sniegs idejas oponento krasu
telpu izveidei.

i I
s 0 5 0 5 10 15 220 5
a

1.attels. Piemekléetas (apli) un raditas (kvadrati) krasas L*a*b* krasu telpa. Luminances ass nav
attélota

Figure 1. Adjusted and presented stimuli in L*a*b* color space (without luminance axis). Squares
represent test stimuli and circle adjusted colors

OPPONENCY IN SUBJECTIVE ADJUSTMENT EXPERIMENT

S.Fomins, U.Atvars
Optometry and Vision Science Department, University of Latvia

In our experiment we use a modified ,,Lilac chaser” illusion - a circle of twelve magenta
patches, arousing the sense of movement by the sequensial disappearance of circles. The
experiment participant adjusts the central circle’s hue, lightness and saturation values to
match it with the appearing after-effect color. Subjects changed the fixation to squares
besides the test circle each 10 seconds, to avoid the adaptation. Moving around the hue
circle in similar steps we are trying to identify the opponent colors aroused by the
negative aftereffect. The luminances of the test hues are kept on the same level. Presented
colors which subtends wider angle in L*a*b* converge on the other side of the color
space in the narrower angle. We believe our findings may help to provide the ideas for
opponent color spaces.
Refences

Hurvich LM, Jameson D (1957). An opponent-process theory of color vision. Psychol Rev 64:
384-404.
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GAISA KOMPRESORU STACIJAS ATTALINATAS VADISANAS UN
KONTROLES SISTEMA

I.Gvardina, A.Kristin$, J.Melderis, G.Pikurs, J.Zvirgzds
Latvijas Universitates Cietvielu fizikas institits

Izstradata sist€éma gaisa kompresoru stacijas vadibai un kontrolei pa interneta tiklu no
attaluma. Tas nepiecieSams tapéc, ka lietotaji vaji seko [idz kompresoru staciju darbibai
un vairuma gadijumu neievéro kompresoru staciju apkopes terminus. Par cik netiek
savlaicigi noversti trikumi, kompresoru staciju remonti un dikstaves rada ievérojamus
zaud@jumus lietotajam.

Optimala gadijuma servisa dienestiem biitu nepiecieSams regulari sekot kompresoru
staciju darbam no attaluma, nepiecieSamibas gadijuma mainot darbibas parametrus no
attaluma vai veicot apkopi uz vietas.

No kompresoru stacija izvietotas datu dev@u sisttmas dati (par galvena
elektrodzingja starta parametriem (stravas faze€s, spriegumi) ka laika funkcijam; skravju
para un elektrodzingja temperatiiram, gaisa pliismas temperatiru, spiedienu) nonak
atpakal vadibas kontrolieri. Vadibas kontrolieris vadoties no sanemtajiem datiem korigé
gaisa kompresoru stacijas elektrodzingja un vadibas elementu darbu, ka art parraida datus
pa interneta tiklu uz vadibas datoru, kur§ registré sanemtos datus. Sos datus var izmantot
gan kompresoru stacijas darbibas analizei, gan komercialiem nor€kiniem.
NepiecieSamibas gadijuma ar vadibas datoru var izmainit vadibas kontrolierT ierakstitos
atskaites parametrus kompresoru stacijas vadibai.

SYSTEM FOR REMOTE MANAGEMENT AND CONTROL OF AIR
COMPRESSOR STATION

I.Gvardina, A.Kristin$, J.Melderis, G.Pikurs, J.Zvirgzds
Institute of Solid State Physics, University of Latvia

Developed system serves for remote management and control of air compressor
station via internet network. This system is necessary due to the fact that users poorly
supervise the operation of compressor stations and in most cases do not observe the
deadlines for servicing of compressor station. Due to the fact that defects are not
eliminated in time, repair works and idle time create significant losses for user.

Optimally the services should regularly keep under observation the work of
compressor station remotely, changing operating parameters remotely if necessarily or
providing maintenance on the spot.

Data from system of sensors, situated in the compressor station (regarding the starting
parameters of main engine (currents in phases, voltages) as time functions, temperature of
screw pair and electric motor, as well as air temperature, pressure) returns back to control
unit. The control unit in accordance with received data adjusts the work of air compressor
station electric motor and control devices, as well as transmits data via internet network
to central computer, who registers received data. These data can be employed in the
analyses of the work of compressor station as well as for commercial payments. In the
case of necessity main computer can be used for changing parameters of reference that
are recorded in control unit for management of compressor station.
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TROKSNU NOTURIBAS NOVERTEJUMS DATU PARRAIDES SISTEMAI
AR OFDM-BPSK GAUSA KANALA

A.Zelenkovs, S.Zelenkovs
Latvijas Universitates Cietvielu fizikas institits

Datu parraidei ar lielu atrumu un augsta kvalitaté misdienas vispiemérotaka ir OFDM (Orthogonal
Frequency Division Multiplexing) modulacijas ciparu tehnologija. OFDM ir daudzfrekvenéu modulacijas paveids
daudzkanalu sakaru sist€tmas ar signalu ortogonalu sadaliSanu subnesgju frekvencés [1]. Ortogonalitates
nodro§inasanai frekvencu sadalfjuma lieclumam starp tam jabiit apgriezti proporcionalam OFDM signala garumam, tas

ir, Af =1/ T, kur T — signala garums. Sis nosacTjums automatiski izpildas pateicoties tam, ka OFDM modulatora
izmanto inverso diskréto Furjé parveidojumu (DFT) un, ka sekas, Furj€ atro parveidojumu tehnologijas (IFFT) un pie
demodulacijas tieso diskréto Furjé parveidojumu (FFT). Parraides atruma palielinaSanai katra no subnesoSajam

savukart var tikt moduléta pec amplitidas un sakuma fazes. Sadu sarezgitu signalu optimalu uztverSanu tapat
nodro$ina ar DFT palidzibu. Energétiskajam ieguvumam attieciba signals/troksnis (SNR — Signal to Noise Ratio)

E, /N, kur E, - signala energija, kas reducéta uz vienu bitu, bet N, - troksna spektralais blivums, ir lineari

jaatbilst DFT, kas izriet no diskréta Furjé parveidojuma pielietoSanas, tas ir, no datu paralela bloka garuma OFDM
bloka ieeja. ST fakta parbaudei Gausa kanala tika izstradata imitacijas model&Sanas shema péc Montekarlo metodes.
Tiek demonstréts imitacijas modela algoritms un datu parraides kanala traucgjumnoturibas raksturliknes, par pieméru
nemot visvienkar§ako subnesg€ju modulésanas shému — bindro fazu manipulaciju (BPSK OFDM) pie koherentas
uztversanas. Ir iegiits, ka datu bloka garuma paliclinaSana, pieméram, divas reizes, atbilstosi palieclina SNR art divas
reizes (par 3 dB), neatkarigi no kludas varbitibas uzdotas vértibas (BER - Bit Error Rate), tas ir, energétiski
izdevigaka ir sakaru sistémas darbiba ar OFDM, ja izvélas garakus datu blokus modulatora ieeja. ST fakta parbaude

tika veikta pie bloku garuma 4, 8, 16 un 32. Izveidotas traucgjumnoturibas Iiknes diapazona 10~ < BER <107 pie

testa bitu secibas 10° katram punktam no 40 punktiem uz Iiknes.

SIMULATION AND ESTIMATION OF NOISE IMMUNITY OF OFDM
IN A GAUSSIAN CHANNEL

A.Zelenkovs, S.Zelenkovs
Institute of Solid State Physics, University of Latvia

Currently, the most suitable digital modulation technology for data transmission with high velocities with
high quality transmission technology is OFDM (Orthogonal Frequency Division Multiplexing). OFDM - a kind of
multifrequency modulation in multichannel communication systems with orthogonal division of signals at the
subcarrier [1]. Frequency spacing between them to ensure the orthogonality must be equal to the reverse of the

duration of the OFDM signal, i.e Af =1/ T, where T, — the duration of signal. This condition is automatically

satisfied owing to the use at OFDM modulator of inverse discrete Fourier transform (DFT), and hence the fast Fourier
transform (ie IFFT), and demodulation — of direct discrete Fourier transform (ie FFT). Each of the subcarriers to
increase the transmission rate, in turn, can be modulated in amplitude and initial phase. Optimal reception of such

complex signals is also provided with the help of FFT. The energy gain in the signal to noise ratio (SNR) E, / N,

where E, — the signal energy reduced to one bit, but N, — the noise spectral density, as a consequence of the discrete

Fourier transform must depend linearly on the size of the DFT, ie length of the parallel data blocks at the entrance of
the modulator OFDM. To verify this fact in a Gaussian channel has been developed circuit simulation by the Monte
Carlo method. Given simulation model algorithm and the characteristics of data transmission channel noise immunity
of a very simple example of subcarriers modulation schemes - the binary phase shift keying (BPSK OFDM) for
coherent receiving. It was obtained that increasing the length of the data block, for example, doubled the SNR is also
doubled (3 dB), regardless of the nominal value of the error probability (BER - Bit Error Rate), ie energetically more
favorable is the work of the communication system with OFDM when selecting a data block at the input of the
modulator is more length. The verification of this fact was held at the length of blocks 4, 8, 16 and 32. It was

calculated curves of noise immunity in a range 10”" < BER <107° with length of test bit sequences 10° for each
point, to 40 points on each curve.

1. R.C.T. Lee, Mao-Ching Chiu, Jung-Shan Lin. Communications Engineering/ Essential for
Computer Scientists and Electrical Engineers. -Singapore: John Wiley & Sons (Asia) Pte Ltd,
2007.-260 pp.
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CENTRALAPKURES PROCESU KORELATIVA ANALIZE UN TO
TEMPERATURAS SPEKTROSKOPIJA

D.Turlajs', U.Kanders’
DRigas Tehniskas universitates TMF
JLatvijas Universitates Cietvielu fizikas institiits

Sis raksts tika veltits T,o&T)-korelogrammu pétijumiem, izmantojot temperatiiras kontiiru
(TK) metodi, kas lauj apkures sezonai (AS) atbilstoSo (Tagi; T1i)-punktu kopu reprezentét ka AS-
TK un sadalit to vairakos mazaka apjoma sub-TK;. Sadi izveidotiem sub-TK; piedero§as
(Tagi; Tri)-punktu apakSkopas tika detalizeti izpetitas ka atseviSki statistiskie objekti. Vispirms
tika izskaitloti sub-TK; vidgjie centralo tendencu raditaji un (T.gi; Tii)-punktu izkliedes raditaji,
lai iegiitu padzilinatu priekSstatu par §SIm ar sub-TK; saistitajam (T,gi; T;4)-punktu apakSkopam.
Tapat sub-TK; tika izmantoti, lai visu AS aptveros$as pilnas T,,&T;-korelogrammas regresijas
modeli izveidotu p&c aditivitates principa, apvienojot autonomo sub-TK; atbilstoSos regresijas
modelus. Vidgjie (T,gi; T4)-punktu izkliedes raditaji tika papildinati ar regresora un regresenta
frekvenéu sadalfjuma funkcijam. Saja sakara tika izskait]otas sub-TK; elementu diferencialas un
integralas frekvencu sadalfjuma funkcijas (FSF), proti, dFSF(T,s)&dFSF(T;) un cFSF(T,)&
cF'SF(T;), kas sadala attiecigi regresora, T,s, un regresenta, T;, vértibas pa kategorizetiem klaSu
intervaliem. P&tjjuma izmantoti 1- un 2-gradu gari klasu intervali, kuri nodroSinaja dFSF
ieglSanu ar vismaz 3%-augstu izSkirtspgju. Tadgjadi izskaitlotie argaisa temperatiiras, T, un
siltumnes€ja turpgaitas temperatiras, T,, spektri dFSF(T,,)&dFSF(T;) nav neatkarigi
temperatiiras spektri, bet gan pa pariem korelativi saistiti temperatiiras spektri, proti, katram sub-
TK; ir savs raksturigais T,,—spektrs un ar to asociétais T,—spektrs. No fizika labi pazistamas
fizikalo lielumu lidzibas teorijas aspekta T,,— un T,—spektrus varam apliikot ka katram sub-TK;
raksturigo regresora "ierosmes spektru" un ar to korelativi saistito regresenta "atbildes spektru".
Neatkarigi no sub-TK;cAS-TK izvéles noveérojama kopiga likumsakariba: jo pie zemakam
temperatliram noverojams regresora, T,,, "ierosmes spektrs", jo pie augstakam temperatliram
atrodams regresenta, Ty, "atbildes spektrs".

CORRELATION ANALYSIS OF DISTRICT HEATING PROCESSES AND
THEIR TEMPERATURE SPECTROSCOPY

D.Turlajs', U.Kanders’
YRigas Tehniskas universitates TMF
?Latvijas Universitates Cietvielu fizikas institfits

This article is dedicated to the T, &Ts-scatter plot studies using temperature domain (TD)
method, which allows the complete (T,u1; Tsi)-point set corresponding to the whole heating
season (HS) represent as HS-TD which one can divided into several smaller sub-TD; with respect
that sub-TD; U sub-TD,U sub-TD;U ... =HS-TD. Thus, the regression model of the whole HS
surrounding T, & Ts-scatter plot can be set up additively, combining separate regression models
of the appropriate sub-TD;. Deeper and more detailed picture of those "j-th" (Tou1; Tsi)-point
subsets associated with mentioned above sub-TD; has been derived by calculating their frequency
distribution functions (FDF). On the FDF-base was developed temperature spectroscopy of such
DH parameters as outside temperature, T,,, supply and return water temperature, Ts and Tk, etc.
Differential and cumulative (integral) FDF, namely, dFDF(T,,)&dFDF(Ts) and
cFDF(T,u)&cFDF(Ts), corresponding to different sub-TD; have been calculated in at least 3%-
high resolution because temperature class intervals of 1- and 2-degrees in length were used. In
Tou& Ts-scatter plot studies the design of regression model and assessment of its fitness have
always been a topical issue. Therefore the model fitness was measured by the coefficient of
determination, R"2: the higher the R*2 value, the higher the fitness of the regression model.
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KVIESU MELNPLAUKAS OPERATIVAS DIAGNOSTIKAS
METODES MEKLEJUMI

Z.Lapina', V.Ogorodniks?, J.Kleperis’
! Latvijas Universitdtes Fizikas un matematikas fakultate,
’Latvijas Universitates Cietvielu fizikas institiits

Latvija péd&jos gados ir plasi izplatijusies kvieSu melnplauka, kuru izraisa séne
Tilletia controversa. Ta ir loti bistama slimiba, jo samazina razu par 30%, daZos
gadijumos pat par 95%. Inficétajiem augiem graudu vieta izveidojas putojoSa masa —
melnplaukas sporas, kuram piemit loti nepatikama (bojatu zivju) smaka. Ar sporam
piesarpotie graudi nav izmantojami ne partikai, ne lopbaribai. Graudu kvalitates kontrolei
nepiecieSamas operativas diagnostikas metodes, kas lautu noteikt §is slimibas klatbiitni
ievaktaja raza. Melnplaukas s€nes sporas satur trimetilaminu N(CH3)s, tadeél miisu
petijuma izmantotas dazadas gazu noteikSanas metodes (spektroskopija, elektroniskais
deguns), lai atSkirtu infic€tos graudus no veselajiem.

Tilletia controversa apkaroSanai graudi tiek kodinati dazados specifiskos
Skidumos, kas var but kaitigi ne tikai apkartgjai videi, bet arT cilvékiem. Ka alternativa
metode kodinaSanai var tikt izmantota graudu apstrade ar ozonu, jo zinama ozona aktiva
ietekme uz dazadiem mikroorganismiem, séném, un pat to sporam. Darba planots
parbaudit Tilletia controversa izturibu pret eksponé€sanu ar ozonu bagatinata vide.

SEARCH FOR RAPID DIAGNOSTIC METHODS TO DETECT WHEAT
DISEASES

Z.Lapinal, V.Ogorodniksz, J .Kleperis2
" Faculty of Physics and Mathematics, University of Latvia,
? Institute of Solid State Physics, University of Latvia

Dwarf bunt is a winter wheat disease that is caused by the fungus Tilletia
controversa. During last years dwarf bunt is widely observed in Latvia and reduces crops
by 30% or in some cases 95%. The kernels of diseased plants are replaced by bunt balls,
which contain masses of black spores with a foul odour (like rotten fish). The bunt balls
rupture at harvest, contaminating the grain. Rapid diagnostic method is necessary to
reveal infected crops. We used spectroscopic methods and electronic nose to separate
diseased wheat grains containing specific gas —trimethylamine, from healthy ones.

The control of diseases in crops is still largely dominated by the use of fungicides,
but with the increasing incidence of fungicide resistance, plus mounting concern for the
environment resulting from excessive agrochemical use. Therefore the search for
alternative, reliable methods of disease control is gaining momentum. The direct
germicide action of Ozone is well-known against all type of microorganisms, as much
fungi as bacteria and virus. Ozone is also effective against the spores of those
microorganisms which are able to propagate and reproduce by this route. We are
planning to test the resistance of Tilletia controversa against the treatment with ozone.
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ELEKTRISKO - UDENRAZA AUTOMASINU MAKSIMALAIS NOBRAUKUMS
UN TA PALIELINASANAS IESPEJAS

V. Kuzmovs', J. Kleperis2
! Daugavpils Universitdtes Dabaszinatpu un matematikas fakultate;
’Latvijas Universitates Cietvielu fizikas institiits

Misdienu piesarpotaja pasaulé tdenraza ckonomika ar tdenradi ka energijas
nes€ju gan energijas, gan transporta sektoros tiek piedavata ka alternativa eso$ajai naftas
ekonomikai. Uz Zemes udenradis nav sastopams briva veida, tadeé] ta iegiiSanai,
uzkrasanai un parvadasanai javeido atseviSka infrastruktira. Tas prasa gan lielus
finansialos ieguldijumus, gan laiku atbilstoSu tehnologiju izstradei. Viena no iesp&jam
paatrinat Gdenraza tehnologiju ievieSanu tautsaimnieciba varétu bt nelielu tGdenraza
generatoru izveide un to izmantoSana tdenraza iekartas, ari automasinas. Eksisté gan
elektrolizes, gan kimisko reakciju sistémas, kuras var tikt izmantotas tdenraza
generatoros, bet to darbinasanai nepiecieSsama energija. Elektrolizes ickartas, kadas ir
pieejamas tirgii Sodien, t&ré daudz energijas, bet kimisko reakciju sisttmam, pieméram, ar
aluminiju vai magniju ka katalizatoriem, jeb natrija bora hidridu vél jaizstrada atbilstoSas
tehnologijas. Miisu darba apskatitas iesp&jas izveidot ekonomisku un efektivu tidenraza
generatoru, kura darbinasanai energija tick nemta no neliela akumulatora un papildinata
automasinas braukSanas laika. Elektrolizes iekarta ar impulsu baroSanu un automasinas
degsiinas radita fidens savakSanu, to darbinot no atseviska akumulatora, lautu palielinat
esoSo tdenraza automasinu nobraukumu.

AVAILABLE DRIVING DISTANCE OF ELECTRIC - HYDROGEN CARS AND
POSSIBILITIES TO MAKE IT LARGER

V. Kuzmovs', J. Kleperis2
"Daugavpils Universitates Dabaszinatpu un matematikas fakultate;
? Latvijas Universitates Cietvielu fizikas institiits

Hydrogen economy is a new energy distribution system based on hydrogen gas as
the energy carrier also in transport sector. Hydrogen is not available on Earth as gas, only
in different compounds, therefore infrastructure for hydrogen production, storage and
transport is necessary. Development of such hydrogen infrastructures needs a lot
investments and time to develop appropriate technologies. One possibility to increase an
application of hydrogen in economics could be the development of portable hydrogen
generators. Currently, the hydrogen-on-demand systems that are being developed for the
automotive industry either use electrolysis or a chemical reaction in order to generate
hydrogen as needed for a car equipped with either an internal combustion engine or a fuel
cell. The hydrogen-on-demand systems that use electrolysis or some other metal catalyst
such as aluminum, magnesium, or sodium borohydride, or another hydrogen-rich
chemical compound, needs energy supply to force a reaction that releases the hydrogen as
needed. In our work the possibility to construct small and efficient hydrogen on demand
system is discussed. Pulse powered electrolysis unit is used to recycle water from car's
fuel cells into hydrogen and oxygen and to extend the maximal driving distance.
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KODOLU TERMISKA SINTEZE UN
UDENRAZA ENERGETIKA
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MUSDIENU MATERIALZINATNES PROBLEMAS UN RISINAJUMI

A.Sternbergs
Latvijas Universitates Cietvielu fizikas institits

Moderno materialu izstrade ir nepiecieSamais priekSnosacijums attistibai visas
svarigakajas tehnologiju jomas: sakot no energijas un vides, veselibas un medicinas,
informacijas un sakariem Iidz transportam un kosmosam. Sadu uz ,,zinasanam balstitu”
materialu attistibas koncepcija viennozimigi ir starpdisciplinara stratégija. Ir
nepiecieSama fiziku, kimiku, biologu, inzenieru, IT specialistu cieSa un nepartraukta
sadarbiba. Respektivi, sadarbojas zinatnieki, kuri sintez€ materialus, ar ekspertiem
materialu analizé un to 1paSibu izpéte, ka ar1 ar teorétikiem — materialu model&Sanas
ekspertiem. Vienigi attistot zinaSanas un izprotot un kontrolgjot iegiito materialu
nanostruktiiru, v€lamas mikroskopiskas struktura-ipasibas likumsakaribas var tikt
realizetas.

Fizikala kimija
Kimiska fizika

Kimiska
inZenierija

Nano
Materialzinatne

InZenierzinatnes,
IT, MetainZenierijas
ontologijas

Biologija

CHALLENGING TRENDS AND CUTTING-EDGE ISSUES IN
MATERIALSCIENCES

A.Sternberg
Institute of Solid State Physics, University of Latvia

Advanced materials are a prerequisite for all major research and development
areas and for all key technologies ranging from information and communication, health
and medicine, energy and environment, to transport and space exploration. The design of
such “knowledge-based materials” requires new concepts which will be based on
interdisciplinary strategies. The expert input from the field of physics, chemistry,
biology, engineering, and IT is required. Scientists in materials synthesis collaborate
intimately with the experts in materials analysis, materials functions and with experts in
materials modelling. Only with the detailed knowledge of the microscopic structure of
the grown nanostructured materials at hand a microscopic structure-function relationship
can be obtained.
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TRITIJA UZKRASANAS JET DIVERTORA KIEGELOS

M. Halitovs', G. Kizane', A. Vitin$', E. Pajuste’, A. Kirilova', J. Gabrusenoks’
" Latvijas Universitates Kimiskds fizikas institiits
? Latvijas Universitates Cietvielu fizikas institiits

Divertora kiegeli JET (Apvienotais Eiropas Tors) tokamaka ir vieni no svarigakajiem ta uzbtves
elementiem, jo kalpo ka aizsargmaterials vakuumkamerai un konstrukcijas elementiem. Divertora
kiegeli veidoti no oglekla kompozitu materiala (OKM), kam ir augsta termiska un mehaniska
izturiba. Tacu tajos ieveérojama daudzuma uzkrajas abas kodoldegvielas komponentes — tritijs un
deiterijs. Lai noteiktu kodoldegvielas transporta kustibu vakuumkamera, nepiecieSams noskaidrot
precizu uzkrata tritija daudzumu divertora kiegelos gan toroidala, gan poloidala virziena.

Peétijumi par tritija sadalijumu un oglekla Skiedras struktiiras izmainam veikti ar MkKIIGB-SRP
divertora 14 BWG4B kiegeli no kodolsintézes iekartas JET péc realiem D + D plazmas ar nelielu
T piedevu eksperimentiem. Ar pilnas oksidéSanas un skidro scintilatoru metodi noteikts uzkrata
tritija daudzums un sadalijums kiegelos.

Konstatéts, ka lielakais tritija daudzums (98 — 99 %) ir uzkrats kiegelu augs$éja, ~ 1 mm bieza
slani (fpatngja aktivitate 10° — 10® Bq/g). Tritija sadalfjums kiegelu vidusdala ir vienmérigs
(patngja aktivitate ~10" Bq/g). Paaugstinats akumuléta tritija daudzums (ipatngja aktivitate 10° —
10° Bq/g) ir kiegelu apakspusé, kas saistits ar erozijas materialu nokliganu zem kiegeliem caur
spraugam un tehniskajiem urbumiem. Ar SEM metodi pétitas oglekla Skiedras struktiiras
izmainas kiegeli gan poloidala, gan toroidala virziena. Novérojams, ka $kiedras diametrs apaks&ja
kiegela dala salidzinot ar vidusdalu ir palielinats. Ramana spektros grafitam raksturigas linijas
1588 cm™ un 1355 cm™ maina pozicijas, ka ar mainas to platums, kas norada uz grafita struktiiras
mainu.

TRITIUM ACCUMULATION IN THE TILES OF THE JET DIVERTOR

M. Halitovsl, G. I,(izﬁnel, A. Viti1,1§1, E. Pajustel, A. Kiriloval, J. Gabrusenoks>
Institute of Chemical Physics, University of Latvia
? Institute of Solid State Physics, University of Latvia

Divertor tiles of JET fusion reactor are one of the main elements because they protect both
vacuum camera and structural elements. The divertor tiles are made from carbon fiber materials
(CFC) that are mechanically and thermal resistant. However both components of nuclear fuel —
tritium and deuterium accumulate in tiles. Therefore it is important to determine the transport of
accumulated tritium in thoroidal and poloidal directions of the divertor.

Studies were made with the CFC tile 14 BWG 4B of divertor MkII GB-SRP of JET after real D +
D with a little additive of T experiments. The amount and distribution of accumulated tritium was
determined with the method of full oxidation and liquid scintillation. The results show that the
most amount of accumulated tritium (98 — 99 %) is located in the top layer (~ 1 mm thickness) of
the tile (tritium activity 10° — 10® Bq/g). The distribution of tritium in the middle layers is rather
even in all regions (tritium activity ~10* Bq/g). A higher tritium activity was determined in the
bottom layers of the tile (tritium activity 10° — 10° Bq/g), which is caused by erosion material
transport beneath tiles through gaps between tiles and technical boreholes within. Structural
changes of CFC in tiles both in toroidal and poloidal directions were examined by SEM, has been
observed that diameter of fibers increases in the lower part of the tile compare to the middle
layers. The characteristic lines of graphite at 1588 cm™ and 1355 cm™ in the Raman spectra
change their position and width. It confirms that graphite structure changes during exploitation.
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TRITIJA TERMODIFUZIJA NO ITER REFERENCES BERILIJA LODITEM

V. Zubkovs, G. Kizane, A. Vitins, E. Pajuste, J. Jansons
Latvijas Universitates Kimiskas fizikas institiita
Cietvielu radiacijas kimijas laboratorija

Kodolsintézes reaktora tritiju atrazojoSaja blanketa zona berilija lodites pildis
neitronu pavairotaja funkciju. Kodolreakciju rezultata berilija lodiSu tilpuma rodas un
uzkrajas liels daudzums tritija dazadas kimiskas formas (T, T° un T"). Tritija veido3anas,
uzkrasanas un ta kimisko formu veidi berilija ir atkarigi no neitronu spektra un pliismas,
staroSanas temperatiiras, ka arT no berilija struktiiras Tpatnibam un Kkimiskajiem
piemaisijumiem. Ta ka tritijs ir radioaktivs, ta akumulacija berilija var radit gan
ekologiskas, gan ekonomiskas problémas. Lidz ar to butisks ir ta izdaliSanas iesp&ju
novertejums no reaktoram analogos apstaklos starotam berilija loditeém.

Darba pétitas augstas plusmas reaktora HFR Pettena (Niderlande) eksperimentos
BERYLLIUM, EXOTIC 8-3/13 un PBA neitronos starotas berilija lodites. Veikti tritija
termodifiizijas eksperimenti dazados temperatiiras rezimos. Noteikts arT uzkrata tritija
kimisko formu sadalijums lodiSu tilpuma pirms un péc to karseéSanas. EXOTIC 8-3/13
loditém noveérota efektivaka tritija izdaliSanas salidzinajuma ar PBA loditém. Ta iemesls
varétu biit mazaks lodiSu diametrs, ka ar1 lielaka atomara tritija procentuala dala parauga.
Noverteti iesp&jamie procesi, kas notiek tritija termodifiizijas laika.

TRITIUM THERMO DIFFUSION FROM THE ITER
RELEVANT BERYLLIUM PEBBLES

V. Zubkovs, G. Kizane, A. Vitins, E. Pajuste, J. Jansons
Institute of Chemical Physics Laboratory of
Radiation Chemistry of Solids, University of Latvia

Beryllium pebbles are foreseen as a neutron multiplier in the Helium Cooled
Pebble Bed concept of the Fusion reactor Tritium Breeding Blanket. Large amount of
tritium in different chemical forms (T, T° un T") is produced in the bulk of the pebbles
as a consequence of neutron-induced transmutations. Tritium production, retention and its
chemical forms in beryllium depend on neutron spectra and flux, irradiation temperature,
structure of beryllium and chemical impurities. Trittum inventory in the materials is a
safety issue due to its radioactivity. Therefore assessment of the tritium release
possibilities from beryllium pebbles irradiated in the reactor relevant condition is
essential.

Tritium thermodiffusion from the beryllium pebbles irradiated in the experiments
at High Flux Reactor in Petten (BERYLLIUM, EXOTIC 8-3/13 and PBA) has been
performed at the different temperature regimes. The distribution of chemical forms of the
accumulated tritium has been investigated before and after the thermal treatment. It has
been observed that tritium release from the EXOTICc 8-3/13 pebbles is more efficient
comparing to the PBA pebbles. It could be explained by a smaller diameter of the pebbles
and higher fraction of the atomic trittum. The possible mechanisms of the processes
occurring during the thermodiffusion of the trittum have been discussed.
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LITIJA ORTOSILIKATA MINILODISU PRIEKSAPSTRADES IETEKME UZ
TO RADIACIJAS STABILITATI

A. Zarin$', G. Kizane', A. Supe', L. Baumane’, V. Tilika', E. Pajuste', R. Knitter’
! Latvijas Universitates Kimiskas fizikas institiits
? Latvijas organiskas sintézes institiits
7 Karlsriies tehnologiju institiits, Vacija

Litija ortosilikata lodites ir viens no perspektivakajiem materialiem tritija atraZzoSanai
blanketa zona kodolsintézes reaktoros. P&titas lodites sintez&tas ar litija hidroksida un
silicija dioksida kause$anas — izsmidzinaSanas metodi. RazoSanas procesa iegiist lodites
ar dazadiem diametriem, sferiskumu un struktiiru. Iegiitas minilodites dala frakcijas péc
to izm&riem. Maksimalu kristalizacijas pakapi panak tas izturot 1 - 200 stundas 800 —
1000 °C temperatiira. Noteikta radiacijas stabilitate, struktiiras un sastava izmainas 3
veida litija ortosilikata miniloditém ar dazadu termisko apstradi (800°C/1h, 900°C/128h
un 970°C/168h) augstu joniz&josa starojuma absorbéto dozu (>0,5 GGy) iedarbiba
paaugstinata temperatiira. Minilodites apstaro kvarca ampulas, gaisa vai argona atmosfera
ar paatrinatiem 5 MeV elektroniem 573 K temperatiira, starojuma dozas jauda 24 kGy/s.
Joniz&josa starojuma iedarbiba litija orotsilikata minilodit€s veidojas un uzkrajas
elektronu (E’ — SiO5”), cauruma (HC2 — SiO4) un elektronu (F") centri, ka ari rodas
radiolizes produkti - koloidalais litijs, skabeklis, litija karbonats, silicijs un litija
metasilikats. Radiolizes produktu veidoSanas ir atkariga no staroSanas atmosferas. Litija
ortosilikata minilodites termiski apstradajot 970°C/168h ir radiacijas stabilakais paraugs,
salidzinot ar paraugiem ar termisko apstradi 800°C/1h un 900°C/128h.

INFLUENCE OF A PRETREATMENT OF LITHIUM ORTHOSILICATE
PEBBLES ON RADIATION STABILITY

A. Zari1,1§1, G. I,(izﬁnel, A. Supel, L. Baumanez, V. Tilikal, E. Pajustel, R. Knitter’
!Institute of Chemical Physics, University of Latvia
? Latvian Institute of Organic Synthesis
3 Karlsruhe Institute of Technology, Germany

Lithium orthosilicate pebbles have been selected as one of the possible trittum breeder
material. Investigated pebbles have been fabricated by the melt-spraying method. In a
process of synthesis pebbles are produced with different grain size and structure.
Maximal degree of crystallization was obtained by thermal treating pebbles 1 — 200 hours
at the temperature 800 — 1000 °C. Radiation stability, structure and changes of
composition has been investigated of 3 type of the pebbles with different thermal
treatment (800°C/1h, 900°C/128h, 970°C/168h) under the impact of high radiation
absorbed dose (>0,5GGy). The pebbles were irradiated in the quartz tubes in both air and
dry argon atmosphere with accelerated 5 MeV electrons at 573K, dose rate 24 kGy/s.
Under the impacts of the ionization radiation the electron (E’ — SiOs>), holes (HC2 —
SiO4) and stable electron (F") centers are formed and accumulate in the lithium
orthosilicate pebbles. Products of radiolysis - colloidal lithium, oxygen, lithium
carbonate and lithium metasilicate have been determinate in pebbles of lithium
orthosilicate. Formation of the radiolysis products depends of the irradiation conditions.
Degree of decomposition of the lithium orthosilicate matrix at the absorbed dose 10.58
GGy is 1.5%. Lithium orthosilicate pebbles with thermal treatment 970°C/168h are more
radiation stable than pebbles with thermal treatment 800°C/1h and 900°C/128h.
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GALLIJA STRUKLAS IETEKME UZ PLAZMU TOKAMAKA TIPA
KODOLSINTEZES REAKTOROS

O. Lielausis, R. Gomesl, E. Platacis, A. Mikelsons, A Klukins
Latvijas Universitates Fizikas Institiits
IST, Kodolsintézes plazmas Institiits,
( Lisabona)

Potenciala iespgja izmantot $kidros metalus pateicoties to specifiskam ipasibam
ka ar plazmu saskaroSas virsmas jau ir atzita kodolsint€zes sabiedriba par iesp&amu
risinajumu, kas lautu parvarét problémas saistitas ar cieto materialu koroziju un Iidz ar to
lautu realizét efektivus jaudas aizvadiSanas procesus no iekartas. Galvena probléma, kura
ir saistita ar brivo virsmu Skidro metalu plismam, mijiedarbibu ar lielo gradientu
magnétisko lauku, kura var biit inducéti speki kuri, savukart, var izraisit perturbacijas
Skidraja metala. Kaut arT ir veltita diezgan liela uzmaniba teor&tiskiem aspektiem lai
izprastu efektu biitibu, tomér 1idz Sim netika veikti eksperimentali p&tijumi kodolsintézes
iekartas. Papildus iepriek§ min€tam uzdevumam tiek apspriesta potenciala iesp&ja
izmantot skidro metalu arT idenraza noturéSanai un aizvaksanai.

Ligumu starp trim EUROATOM dalibiestadem: IST (Lisabona), ENEA (Fraskati
un Latvijas universitati (Riga) parakstitu 2007. gada ar meérki izstradat $kidra metala
sist€mas, lai aizsargatu komponentus kas saskaras ar plazmu, var uzskatit ka LU Fizikas
institlta iniciativu attistit darbus $aja virziena EFDA programas (WP10-PW1-05-04)
ietvaros pieverSot uzmanibu galvenokart Skidro metalu potencialam iesp&jam.

LIQUID GALLIUM JET UNDER THE INFLUENCE
OF THE TOKAMAK PLASMAS

O. Lielausis, R. Gomes' , E. Platacis, A. Mikelsons, A. Klukins
Institute of Phisics, University of Latvia
IAssociag:do EURATOM/IST, Instituto de Plasmas e Fusdo Nuclear/IST, Av. Rovisco
Pais, No. 1, 1049-001 Lisboa, Portugal

The potential of liquid metals as plasma facing components has already been
acknowledged by the fusion community due to their specific properties that would allow
overcome the erosion issue characteristic of solid materials while providing an efficient
process to exhaust power from the machine. The main problem related to the use of free
flowing liquid metals in fusion devices is related to their interaction with magnetic field
gradients which are known to induce forces capable of perturbing liquid metal behavior.
Although a large effort has been put in understanding this effect on the theoretical aspect
, o experimental observations have been done, to our knowledge, on fusion devices.

In addition to the previous tasks the potential ability of liquid metals to retain/remove
hydrogen has been clearly accented.

Agreement among three Associations of EURATOM: IST (Lisbon), ENEA
(Frascati)and Univ.of Latvia (Riga)) signed in 2007, on the development of liquid
metalsystems for protection of plasma facing components, should be considered as fully
collaborative up to date initiative of IPUL denoted to activate work in this direction in the
frame of the Wall-Plasma interaction task in a frame of under EFDA program (WP10-
PW1-05-04) where liquid metals are present in the main part of activities eligible for
priority support.
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UDENRAZA EKONOMIKAS VEIKSMES PIEMERI PASAULE UN KO NO TA
MACITIES LATVIJAI

J. Dimants', B. Sloka', J. Kleperis®
! Latvijas Universitdtes Ekonomikas un vadibas fakultate;
? Lawvijas Universitates Cietvielu Fizikas institiits

Udenraza, ka energijas nes€ja un ari ka degvielas, pétijumi pasaulé kliist arvien
nozimigaki, jo tam bis globals ieguldijums lidzsvarotas un ilgtsp&jigas energijas
ekonomika un neatkaribas iegiiSana no fosilajiem energoresursiem. To pierada lidz Sim
veiktie pétijumi un Gidenraza izmantoSanas praktiskie pieméri visa pasaulé. Ir sakusies
arvien plasaka tidenraza izmanto$ana vairaku valstu tautsaimnieciba. Pieméram, Islande
sevi pasludinajusi par pirmo valsti pasaulé, kas gatavojas pilniba pariet uz tdenraza
ekonomiku. Jau 2003.g. Reikjavikas ielas saka kursé€t pirmie tidenraza autobusi. 2006.
gada tdeni tika nolaists pirmais Gidenraza okeana laineris, 2015. gada planots, ka visi
2500 Islandes zvejnieku kugi ka degvielu izmantos fidenraza energiju un tuvaka nakotné
180000 Islandes iedzivotaju automasinas tiks parveidotas par iidenraza masinam. Pasaule
tiek realizeéti dazadi tidenraza projekti, no kuriem Latvija varétu nemt labu pieméru.
Izvertgjot iesp&jamo tdenraza, ka energijas nes€ja izmantoSanu tautsaimnieciba, ta
iegiSana mazos apjomos var bt efektiva, ja razoSanai izmanto alternativas energijas.
Sada procesa iegits udenradis ir kaitigo izmeSu neitrals un videi netiek nodarits
kaitéjums. Ko Latvija no ta var macities? UdenraZa energijas ievie$ana energetikas un
transporta sektoros dos ekonomisko neatkaribu. Cik liela méra un vai tas biis izdevigi?

SUCCESS EXAMPLES OF HYDROGEN ECONOMY IN THE WORLD AND
WHAT CAN LATVIA LEARN FROM THEM

J. Dimantsl, B. Slokal, J. Kleperis2
"Faculty of Economics and Management, University of Latvia;
2nstitute of Solid State Physics, University of Latvia

For energy and transport sectors the research of hydrogen as an energy carrier and fuel is
becoming important more and more. An important contributor to a future with a sustainable
energy economy and a gradual reduction in dependency from fossil fuels will be the hydrogen
and fuel cell technologies; - it is recognized by many countries in the world. A global
development has begun towards a widespread use of hydrogen — the so called Hydrogen
Economy. Iceland announced that will be the first country in World with Hydrogen Economy. In
2003 the first three hydrogen buses began routes on the streets of Reykjavic; the World’s first
commercial hydrogen station was open in 2003; by 2006, the first demonstration project for a fuel
cell-powered ocean vessel was completed. In the World different hydrogen projects are
implemented which could be good examples for Latvia. Evaluating hydrogen as energy
carrier usage possibilities in economics it seems that hydrogen production in small
quantities would be efficient only when alternative, renewable energies are used to
produce it. What can Latvia learn from them? The implementation of hydrogen in energy sector
and as fuel in transport sector will give political and economical freedom to Latvia. Do we need
it?
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MELNA PLATINA ELEKTRODS
UDENRAZA KONCENTRACIJAS NOTEIKSANAI SKIDRUMOS

A. Gruduls', I. Klepere', G. Bajﬁrsz, J. Kleperis2
! Latvijas Universitates Biologijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Lai pasaulé mazinatu klimata straujo izmainu risku, nepiecieSams attistit
alternativas energijas iegiiSanas un izmanto$anas metodes, kas nepiesarno apkartgjo vidi.
Perspektivakas ekologiskas energijas izmanto tidenradi ka energijas neséju un uzkrajéju.
Lai iegiitu Gidenradi no atjaunojamajiem resursiem biologiskas sistémas, nepieciesama to
optimizacija un visaptverosi petijumi. Viens no tadu sist€emu produktivitates merijumu
veidiem ir iz8kidusa tidenraza koncentracijas noteikSana Skidraja faze. 1zskidusa tidenraza
koncentraciju Skiduma var noteikt izmantojot komercialos sensorus, tomer tiem ir zinami
trikumi: lieli izméri, maza izturiba, sp&ja veikt mérjjumus tikai viena punkta, lielas
izmaksas. Miisu darba parbaudita iesp&ja izmantot platina elektrodu iz8kidusa tidenraza
koncentracijas noteikSanai Skiduma. Platina stieple tika parklata ar melno platinu,
izmantojot elektrokimiskas izgulsnéSanas metodi. Melnajam platinam, salidzinajuma ar
platinu, ir labakas katalitiskas spé&jas, lielaka reakciju virsma un labaka detekt€Sanas
sp&ja. Ar Sadu metodi iesp&jams iegit ar1 iidenraza sensoru sist€ému, kas dod iesp&ju merit
tdenraza koncentracijas dazadas Skiduma vietas vienlaicigi un iegiit datus par ta
koncentracijas gradientiem.

BLACK PLATINUM ELECTRODE FOR MEASUREMENT THE
CONCENTRATION OF DISSOLVED HYDROGEN IN LIQUIDS

A. Gruduls', I. Kleperel, G. Bajarsz, J. Kleperis2
! Biology Faculty, University of Latvia
? Institute of Solid State Physics, University of Latvia

Alternative energy production and usage methods have to be developed to reduce
current developing climate changing risks. Hydrogen as an energy carrier is used in all
most promising ecological energy forms. To ensure hydrogen production from renewable
resources optimization of biological systems and a comprehensive research is required.
One of the hydrogen productivity determination methods in biological systems is
hydrogen concentration measurement in liquid phase. Dissolved hydrogen concentration
in liquid can be measured by using commercial sensors although they have some
disadvantages: large size, small durability, ability to only make measurements in a certain
point of the sample and they are expensive in price. In this work we test the platinum
electrode as potential sensor of dissolved hydrogen. Platinum wire was coated with black
platinum using electrochemical plating method. In such a way it is possible to develop
sensor systems for measurements of hydrogen concentrations in different places of liquid
simultaneously and it would ensure data about gradients of hydrogen concentrations.
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PROTONUS UN ELEKTRONUS VADOSAS POLIMERU MEMBRANAS
DEGVIELAS SUNAM

J. Hodakovska, G. Cikvaidze, J. Kleperis
Latvijas Universitates Cietvielu fizikas institits

Degvielas Stina ir komplicéta iekarta, kas sastdv no vairakam detalam, starp
kuram ir nepiecieSams nodroSinat labu kontaktu. EsoSajos modelos pie membranas
atrodas oglekla audums, uz kura ir uznests katalizators. Ja oglekla vieta varétu izmantot
vielu, kas péc savas virsmas struktiiras ir tuvaka paSai membranai, nepiecieSams izstradat
materialu, kam ir gan protonu, gan elektronu vadamiba. Viena no iesp&amam
realizacijam ir apskatita misu darba, sintez&jot kompleksu membranu no sulfonéta PEEK
poliméra un polianilina. Rezultata planots iegiit membranu, kurai ir gan elektronu, gan
protonu vaditsp&ja, un kurai biitu labs kontakts ar SPEEK membranu. Papildus raksturigo
ipasibu analiz€Sanas metodém (piemeram, vaditspgja un tidens absorbcija) iegiito
materialu sastavs analiz€ts ar FTIR spektroskopijas metodi (Zim. 1).

PROTON AND ELECTRON CONDUCTING MEMBRANES FOR FUEL CELLS

J. Hodakovska, G. Chikvaidze, J. Kleperis
Institute of Solid State Physics, University of Latvia

Fuel cells are made of several parts, thus raising a problem of good contact
between them. Now carbon cloth is used as a catalyst holding layer and electron
conducting media. If it could be replaced with another material based on polymer like as
the membrane material, it could improve contact. In this case the new material is needed,
both proton and electron conductive. One of the possible solutions is discussed in our
work. Complex polymer is made from sulfonated PEEK and polyaniline. Obtained
materials are analyzed with FTIR absorption method(Pic.1) and other important
properties are analyzed with classical methods (e.g. water absorption and conductivity).

FTIR absorption spectra of
f-made SPEEK memb

Absorbance

T T T T T T T T T T T 1
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Wavenumbers, cm

Zim 1. SPEEK poliméra FTIR spektrs.
Pic.1. SPEEK polymer FTIR spectrum.
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ELEKTROLIZES REAKCIJAS NORISEI NEPIECIESAMAS SLIEKSNA
ENERGIJAS NOSACIJUMI UN TAS SAMAZINASANAS IESPEJAS

M. Vanags, G. Bajars, J. Kleperis
Latvijas Universitates Cietvielu Fizikas institiits

Darba tiek petits elektrolizes process, kura par tdenraza elektrodiem tiek
izmantotas platina un volframa stieples. Elektrolizes §tinas baroSana tiek izmantoti
induktivi sprieguma impulsi. Lai noteiktu fidenraza izdaliSanas intensitati, tiek izmantots
1z8kidusa tidenraza mikrosensors (Unisense, Danija). Pétijumos noskaidrots, ka izSkidusa
tdenraza koncentracija straujak pieaug volframa nevis platina elektroda tuvuma. Autori
So faktu izskaidro ar atSkiribam tdenraza izdaliSanas reakcija uz abiem elektrodiem.
Induktivais sprieguma impulss ir ar limit€tu energiju, kuras pietiek tikai Gdenraza
adsorbcijai uz platina elektroda, bet uz volframa elektroda S§1 energija ir pietickosa, lai
norisinatos pilna tidenraza izdaliSanas reakcija.

CONDITIONS OF MINIMAL REACTION ENERGY FOR ELECTROLYSIS
AND POSSIBILITIES TO REDUCE IT

M. Vanags, G. Bajars, J. Kleperis
Institute of Solid State Physics, University of Latvia

Initial process of electrolysis is investigated using platinum and tungsten wires as
hydrogen electrodes and inductive kickback voltage (IKV) peak based power unit.
Microelectrodes from Unisense (Denmark) are used to determine concentrations of
dissolved hydrogen and pH close to wire electrodes. It is observed that concentration of
dissolved hydrogen increases faster on tungsten electrode as on platinum. Authors
explain this fact with differences of hydrogen evolution reaction (HER) on both materials
— IKV peak power unit is supplying very short voltage pulses with limited energy what is
enough only for hydrogen adsorption on platinum electrode, but is sufficient for full HER
reaction on tungsten electrode.
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PARAUGA AKTIVACIJAS ATRUMS ATKARIBA NO GRAUDU IZMERA

E. Rancans, L. Grinberga, J. Kleperis
Latvijas Universitates Cietvielu Fizikas institits

Daudzu gadu pétijumi ir pieradijusi, ka hidridus veidojoSus metalus un
sakaus€jumus var izmantot, lai efektivi uzglabatu tidenradi.

Eksperimentos konstatéts, ka pirms paraugs sasniedz maksimalo udenraza
sorbcijas sp&ju, to nepiecieSams aktiveét — attirit no piemaisijumu gazém un oksidiem.
Paraugu attirisanu var veikt dazadi — apstradat ar sarmu, karsét, malt lodiSu dzirnavas un
tad veikt atkartotus gazes absorbcijas-desorbcijas ciklus, var kombingét Sos aktivacijas
veidus vai arT izmantot tikai sorbcijas procesus.

Aktivacijas atrums tidenpradi sorb&josiem materialiem ir atkarigs no parauga
graudu izméra. Samazinot aktivacijai nepiecieSamo energijas patérinu varam ievérojami
mainit parauga izgatavoSanas izmaksas.

Nosakot graudu izméru, pie kura aktivacija notiek optimalak, tika salidzinats vai
graudu izm@ru samazinaSana tos mehaniski samalot ir efektivaka metode neka to
sasmalcinasana tidenraza sorbcijas-desorbcijas procesa.

Pateiciba: Paldies LZP pétijumu projektam 09.1553 par finansialu atbalstu.

SAMPLE ACTIVATION RATE DEPENDENCE ON GRAIN SIZE

E. Rancans, L. Grinberga, J. Kleperis
Institute of Solid State Physics, University of Latvia

Sustained studies demonstrate that solid materials can be utilized to solve the storage
problem of large amounts of hydrogen by reversible absorption and desorption.

Experimental data shows that maximal sorption capacity material can reach after
pre-treatment procedures to dispose of impurity gasses and oxides. There are several
ways to perform pre-treatment procedures — sequence of absorption-desorption cycles
that follows after alkali treatment, heating or ball-milling.

Speed in which activation takes place within hydrogen sorption materials is
depending on sample grain size. If one could reduce amount of energy that is needed to
activate sample, then we could greatly cut down sample costs.

Determining grain size that is optimal for sample activation, can give a basic idea
whether best way is to reduce grain size by mechanical means or by hydrogen sorbtion-
desorbtion process.

Acknowledgement: Thanks to research project 09.1553 of Latvian Council of
Science for financial support.
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UDENRAZA SORBCIJA MODIFICETA SiO, STIKLA

L. Grinberga, L. Kulikova*, V. Serga*, J. Kleperis
Latvijas Universitates Cietvielu Fizikas institits
*Rigas Tehniskas universitates Neorganiskas kimijas institiits

Drosai un efektivai tidenraza ievieSanai sadzivé ir nepiecieSami materiali, kuros So gazi
varétu uzglabat. Siem materialiem jabiit gana viegliem, bet tomér jaspgj nodroinat pietiekosi
lielu absorbéta/desorbéta tidenraza tilpumu un dzives laiku.

Materialu nanostrukturéSana un sorbgjosas virsmas laukuma palielinasana ir veids ka
palielinat absorbéta tidenraza daudzumu. Potencials veids ka apvienot metalu tidenraza sorbcijas
sp&ju un velamo tilpuma/svara attiecibu ir, veidot kompozitmaterialus, kas sastav no hidridus
veidojosa metala vai sakaus€juma un piemérota paligmateriala ar pietiekosi lielu virsmu.

Var teikt, ka parastos apstaklos SiO, stikls idenradi neabsorb€, tomér leggjot $o
materialu ar nelielu daudzumu palladija, var panakt, ka stiklu var pielietot ka tidenraza
uzglabasanas vidi.

Izmantojot ekstrakcijas-pirolitisko metodi tika izgatavoti kompozitmateriali, kuri
sastav no palladija nanodalinam, uznestam uz sikgraudaina SiO; stikla pulvera virsmas.
Iegtita materiala tidenraza sorbcijas 1pasibas tika pétitas izmantojot volumetrisko metodi,
bet rentgenstaru difraktometrija tika pielietota fazu struktiiras noteikSanai.

HYDROGEN SORPTION OF MODIFIED SiO; GLASS

L. Grinberga, L. Kulikova*, V. Serga*, J. Kleperis
Institute of Solid State Physics, University of Latvia
*Institute of Inorganic Chemistry, Riga Technical University

An efficient storage media for hydrogen is desirable for the common applications of fuel
cells and the adoption of hydrogen as an energy source.

Nanostructuring of materials and enhancement of surface absorption capability
are two main factors to increase the amount of sorbed hydrogen. One way to combine the
effectiveness of hydrogen absorption in metal hydrides and the desirable weight/volume
proportion is to make composite material from alloy forming hydride and appropriate
support material.

In a regular circumstances SiO, glass are not absorbing notable amount of
hydrogen, however doping small quantities of palladium in these materials can provide a
capturing of significant amount of this gas.

We studied hydrogen sorption properties in composites made of palladium nano-
particles coated on the surface of highly dispersed powder of SiO, by using extractive-
pyrolytic method.

To investigate an interaction of hydrogen with Pd/oxide composites the
volumetric method was used. Phase composition of materials was determined by XRD
method.
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TEMPERATURAS IETEKME UZ GENERETO JAUDU RUPNIECISKIEM
SAULES FOTOELEKTRISKAJIEM PANELIEM

J. Blums, M. Vanags, J. Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Uz LU CFI jumta ir uzstaditi 4 firmas KoraxSolar (Ungarija) Saules paneli KS-
160 (kopa 4,5 m?), kuri kops 2009.g. maija savac Saules energiju. Analizgjot iegiitos
rezultatus, tika pieversta uzmaniba faktam, ka lidzigas saulainas vasaras dienas ar
atskirigu gaisa temperattru ari Saules panelu savakta energija atSkiras. Tur, kur ir liela
daudzuma pieejama Saules energija, parasti licla daudzuma izdalas siltumenergija, jo
katrai vielai ir raksturigi absorb&t starojuma energiju un dalu no tas parvérst
siltumkustibas energija. Ari Saules panelis absorbé Saules starojuma energiju un parvers
to gan par elektrisko energiju, gan par siltumenergiju, kas paaugstina Saules panela
pusvaditaju elementu temperatiiru. Ripnieciski razotiem Saules panelu pusvaditaju
elementiem, piecaugot to temperaturai, lietderibas koeficients samazinas. Péc razotaja
informacijas elementa jauda samazinas par 0,4-0,6% uz 1 gradu. M&s veicam
eksperimentalu panela KS-160 parbaudi, karsgjot to [idz dazadam temperattiram un mérot
izdalito jaudu. Par gaismas avotu tika izmantotas 4 halogénas 300W lampas, sildiSana
notika slégta termokamera. Tika noverots, ka mainoties panela temperatiirai no 20-61°C,
ta izdalita jauda samazinajas 2.6 reizes. Darba tiek analizéti ieveérojamie jaudas zudumu
cCloni. Tiek apskatitas tehnologijas, kuras Jautu samazinat Saules starojuma generétas
elektribas zudumus panelu uzsil$anas rezultata.

TEMPERATURE INFLUENCE ON THE POWER EFFICIENCY OF
COMMERCIAL PHOTOVOLTAGE BATTERIES

J. Blaums, M. Vanags, J. Kleperis
Institute of Solid State Physics, University of Latvia

From May 2009 there are installed 4 Solar panels KS-160 (KoraxSolar, Hungary) with
total area 4,5 m” on the roof of Institute of Solid State Physics. Analysis of results
collected during 6 months showed that on similar sunny days with different ambient
temperatures there are quite different amounts of collected energy. The output (product of
electricity and voltage) of a solar cell is temperature dependent. Higher cell temperatures
lead to lower output, and hence to lower efficiency. The level of efficiency indicates how
much of the radiated quantity of light is converted into useable electrical energy.
Regarding information from producer, the output of Solar panel KS-160 reduces by 0,4-
0,6% increasing temperature by 1 degree. We experimentally tested panel KS-160 in
closed thermal camera equipped with 4 halogen lamps (300W) as light source. An output
of Solar panel decrease 2.6 times increasing temperature from 20 to 61 °C. Physical
aspects of deterioration of the output power and the conversion efficiency of solar cell
and PV module with increasing temperature are discussed in our work. In order to
diminish these effects, it is useful to decrease the module temperature by removing the
heat produced by non-active absorption of photons, which do not generate pairs, by
recombination of electron-hole pairs, by photocurrent (Joule’s heat generated during the
current flow in the series resistance of the p-n junction) and parasitic currents.
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LITIJA DZELZS FOSFATA STRUKTURAS
UN IMPEDANCES PETIJUMI

G. Kudinskis, J. Smits, G. Bajars, J. Kleperis, G. Cikvaidze
Latvijas Universitates Cietvielu fizikas institits

LiFePO4 pedgja laika pieversta pastiprinata uzmaniba ka perspektivam materialam
litija jonu baterijas ar pielietojumu sadzives elektronika un elektriskajos transporta
lidzeklos. Salidzinot ar plasi izmantotajam LiMn,Os un LiCoO; baterijam, LiFePO4
baterijam ir mazaka spradzienbistamiba, baterijas kalpo ilgak (spg izturét vairak
uzlades/izlades ciklus), ir dabai draudzigakas un ir 1€takas.

Darba sintezéts LiFePO4 no Li,CO;3;, FeC,04-2H,0 un NH4H,PO4 ar dazadu oglekla
daudzumu dazados apstaklos. Tika veikta termogravimetriska analize katrai no izejvielam
un visu Cetru vielu maisijumam. legiitajiem savienojumiem tika veikta Ramana spektra
analize un rentgena difrakcijas analize.

Lai noskaidrotu iegtito materialu pretestiba, tika veikti impedances merijjumi presétam
LiFePO, tableteém divelektrodu $iina un ieguts impedances spektrs 0.01 — 65 000 Hz
diapazona. P&tijuma noskaidrots, ka mainas LiFePO, elektrovaditsp&ja atkariba no
oglekla satura tajos, ka ari atrasta ekvivalenta sh€éma un tas parametri, kas apraksta
elektrokimiskos procesus uz LiFePO./Pt robezvirsmas.

INVESTIGATION OF STRUCTURE AND IMPEDANCE
OF LITHIUM IRON PHOSPHATE

G. Kucinskis, J. Smits, G. Bajars, J. Kleperis, G. Chikvaidze
Institute of Solid State Physics, University of Latvia

Recently increased attention has been dedicated to LiFePO4 as a perspective material
in Li-ion batteries for use in consumer electronics and electric vehicles. In comparison
with the more widely use LiMn,O4 and LiCoO,; batteries, LiFePO4 batteries are less
exposed to risks of ignition/explosion, are more cyclable, more environmentally benign
and cheaper to produce.

In our work LiFePO4 was synthesized from Li,COj;, FeC,042H,0 and NH4H,PO4
with different carbon content at different conditions. Thermogravimetric analysis was
preformed on each of the reactants as well as a stoichiometric mixture of the four. Raman
spectra and XRD analysis were preformed on the obtained compounds.

To establish the conductivity of the obtained material we preformed impedance
measurements for a compressed tablet of LiFePO4 in a two electrode cell with
frequencies ranging from 0.01Hz to 65 000 Hz. Results show the correlation between
electronic conductivity and carbon content in LiFePO4. An equivalent circuit was found
that describes the electrochemical processes on the LiFePO,/Pt boundary.
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LiFePO,PLANAS KARTINAS KA KATODMATERIALS
LITIJA PLANSLANU STRAVAS AVOTOS

J. Smits, G. Kutinskis, G. Bajars, J. Kleperis, J. Balodis
Latvijas Universitates Cietvielu fizikas institits

LiFePOy, ir perspektivs katodmaterials litija jonu baterijas ta salidzino$i augstas
ladinietilpibas, 1€to un videi draudzigo izejvielu, zemas spradzienbistamibas un augstas
ciklgjamibas d€]. Viena no galvenajam problemam, kas kavé LiFePO, plasaku
izmantoSanu sadzives elektronika un hibrid/elektriskajos automobilos ir ta zema
elektronu vaditsp&ja. Viens veids, ka So problému risinat, ir palielinat virsmas laukumu,
veidojot planslanu baterijas.

Darba uznestas LiFePO, planas kartinas uz silicija, stikla, teérauda un ITO (uz
poliestera) pamatném pie dazadiem putinaSanas apstakliem (ilgums robezas no 10-20
minttém, jauda 250-500W). Tika veikta kartipu profilometriska un elementanalize.
Merfjumu rezultati liecina, ka iegtito kartinu biezums ir 200 nm Iidz 500 nm robezas ar
LiFePO, atbilstosu elementu sastavu.

Lai noskaidrotu LiFePO, kartinas elektrokimiskas ipasibas tika izgatavota divu
elektrodu §tina LiFePO4/1M LiClO4-PC/C (PC — propilénkarbonats) ar LiFePO4 uz ITO
pamatnes. Uznemtas voltampéra raksturliknes un atvértas shémas potencialu izmainas
kartinas uzlades-izlades procesa norada uz iegiito LiFePO4 kartinu pielietojamibu litija
jonu baterijas.

LiFePO4 THIN FILM COATINGS AS CATHODE MATERIALS FOR THIN
FILM LITHIUM POWER SOURCES

J. §mits, G. Kucdinskis, G. Bajars, J. Kleperis, J. Balodis
Institute of Solid State Physics, University of Latvia

LiFePO;, is a perspective cathode material for use in Li-ion batteries due to its
high charge capacity, low manufacturing costs, environmental friendliness, safety and
high cyclability. One of the main problems preventing a wider use of LiFePO4 cathodes
in consumer electronics and hybrid/electric vehicles is its low electronic conductivity.
One way to solve this problem is the increase of surface area by the use of thin films.

In our research we created thin films of LiFePOy4 on silicon, glass, tungsten and
ITO (on polyester) in different sputtering conditions (sputtering time between 10-20
minutes, coil power ranging from 250-500 W) with targets prepared by different
methods. Profilometric and element analysis were preformed on the films. Results show
that thin films between 200nm and 500nm were obtained with elements matching those
of LiFePO,.

To investigate the electrochemical properties of the thin film a two electrode
electrochemical cell (LiFePO4 on ITO/1IM LiClO4 — PC/graphite) was prepared and used
to obtain voltammograms and open circuit potential changes during charge/discharge.
These showed that our LiFePOj, thin film could be used in Li-ion batteries.
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LINEARS PROFILA SENSORS ACS STAVOKLA DETEKTESANAI

V. Karitans, M. Ozolin$§
Latvijas Universitates Cietvielu Fizikas Institiits

Sobrid tiek izstradata metode acs skata virziena stabilizacijai, izmantojot linearu profila
sensoru, kas nosaka kustiga gaismas punkta koordinatas. Izmantotais sensors sastav no
1x1024 pikselu matricas. Sensors secigi izvada ara analogo video signalu no katra
piksela. Talak analogais video signals tiek konvertéts 10 bitu digitala formata. Secigi
nolasot visus pikselus, tiek salidzinatas blakusesoSo pikselu intensitates. Ja kada piksela
intensitate ir lielaka neka iepriek$€ja piksela intensitate, tad tiek saglabats vairak
intensiva piksela kartas numurs. Péc tam, kad pabeigta visas matricas skengSana, ir
zinams, kuram pikselim ir vislielaka intensitate. Talak tiek aprékinats lepkis, kada stars
krit uz sensoru. Ar solu motoru griezot spoguli, tiek panakts, ka visvairak izgaismotais ir
centralais pikselis, proti, stars ir paraléls optiskajai asij. Talak ar bidama galdina
palidzibu tiek atrasts tas spogula stavoklis, kad gaisma krit uz optoslédzi. Optoslédzis
Saja bridi dod signalu partraukt kustibu, jo skata virziens sakrit ar optisko asi. Miné&ta
metode biitu pielietojama, lai novérstu acs kustibu traucgjoSo ietekmi uz aberaciju
korekciju.

LINEAR PROFILE SENSOR FOR DETECTING POSITION OF AN EYE

V. Karitans, M. Ozolinsh
Institute of Solid State Physics, University of Latvia

A method for stabilizing gaze of an eye is developed. The basis of the method is use of a
linear profile sensor that determines coordinates of a moving light spot. The sensor has 1
x 1024 pixel array. Each pixel outputs an analog video signal sequentially. This singla is
converted into digital format by 10-bit ADC. By reading all pixels intensity of all
adjacent pixels is compared. The order number of the most intense pixel is stored. After
all the array has been scanned, it is known which is the most intense pixel. After the
angle at which the ray hits the sensori s calculated. By means of a translation stage a
position of a mirror is found when the light illuminates an optoswitch. The optoswitch
signaliz€s to stop the movement because the direction of gaze coincides with the optical
axis. This method would be useful to prevent the disturbing effects of eye movements on
correcting optical aberrations.
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KRASU REDZES TESTU MULTISPEKTRALA ANALIZE

S.Fomins, M.Ozolin$§
Latvijas Universitates Cietvielu Fizikas Institiits
’Optometrijas un redzes zinatnes nodaja, Latvijas Universitdte

Lai ieglitu objektivus datus par krasu redzes testos izmantotam krasam un to dizainu tiek
pielietota multispektrala iekarta Nuance II, kas darbojas uz skidro kristalu filtriem. Petijuma tika
analizeti ISiharas un Rabkina polihromatiskie testi. Spektralie attéli tika nolasiti diapazona no 420
Iidz 720 nm ar 10 nm soli pie halogena lampas apgaismojuma. [zmantojot valisu spektralo jutibu
spektralos att€lus parrékina uz LMS valisu signalu telpu, kura notiek talaka analize [1]. L vai M
valisu trikums ir par pamatu diviem izplatitakiem krasu redzes deficitiem (protanopijai un
deuteranopijai). So divu signalu attiecibas var tikt izmantotas deficitu vai krasu redzes anomaliju
simulacijai [2]. Viens no risinajumiem ko més piedavajam, krasu testu veiktsp&jas noteikSanai, ir
krosskorelacijas testa objekta, kas palidz identificét testa sp&u noteikt anomalijas pakapi. Cits
veids testu raksturosanai ir hromatisko koordinasu (CIE x,y) aprekins, kas palidz novertet testa
dizainu (1. attels).
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Fig.1. CIE x,y coordinates of the plate 17 of Rabkin test.
l.attels. CIE x,y koordinates Rabkina 17 testam.

MULTISPECTRAL ANALYSIS OF COLOUR DEFECIENCY TESTS

S.Fomins', M.Ozolinsh*
"Institute of solid State Physics, University of Latvia
’Department of Optometry and Vision science, University of Latvia

We use multispectral colour system, scanning the image by use of tuneable liquid crystal
LC filters (Nuance II system), to obtain measurable quantities of different colour deficiency
tests. Ishihara plates and Rabkin polychromatic colour deficiency test books were analyzed.
Spectral images were taken in the range of 420 to 720 nm with the 10 nm step under the halogen
light source illumination with ceramic white reference (Ceram). After that cone colour space
(LMS space) images were calculated based on the cone spectral sensitivity functions [1]. The
difference between the L and M cone signals is the basic perception source for the protan- and
deutran- tests. The changes in the signals and spectral sensitivities of these cone types have the
greatest impact on the perception of the colour. The chromatic coordinates (x,y) of the CIE colour
space were calculated for all plates of the PSM test (fig.1).
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NIKELA PARKLAJUMA TPASIBAS UZ FIZIKALKIMISKI MODIFICETAS
STIKLA SKIEDRAS AUDUMA

L. Pétersone, E.Pentjuss, E.Gabrusenoks, J.Balodis, A.Lisis
Latvijas Universitates Cietvielu fizikas institiits

Metalu parklajumu pasibu uz tehniskas stikla Skiedras p&tijumi mérkis ir radit Skiedras ar
jaunam fizikalam un kimiskam pasibam jaunu — inovativu produktu radiSanai uz stikla
Skiedru bazes, t.i., jaunu metozu un tehnologiju radiSana Skiedru funkcionalizé$anai.
Parklajuma strukttira un ipasibas bus atkarigas no virsmas morfologijas, tas kimiskas
aktivitates un Skiedras tilpuma uzbives, sastava un mikro struktiras. Skiedru
funkcionalizeésana tika veikta divos posmos: nanostrukturéSanas un metala parklajuma
uzneSanas. Metala parklajuma uzneSana uz stikla Skiedras auduma tiek veikta ar mérka
izputinasanu lidzstravas vai maingstravas plazma vakuuma. NanostrukturéSana tiek veikta
izsarmoSanas procesa, mainot izsarmosanas kin&tiku ar ultraskanu (US) un temperatiiru.
No H,O sorbcijas datiem seko, ka izsarmoSanas procesa iegist stikla Skiedras ar dazadu
poru struktiiru. P&tijumi versti uz to, lai noteiktu kada ir metala ietekme uz auduma
elektriskajam 1pasibam un ka tas ietekm& porainiba un ka tas saistas ar Skiedras
fizikalajam 1pasibam. Stikla audumam ar metala parklajumu ka elektrodam svarigs
parametrs ir lapas pretestiba (sheet resistance). Darba izstradata metodika elektrisko
parametru noteikSanai audumiem ar metalu parklajumiem ar elektrokimiskas impedances
metodi. Lapas pretestiba K-stikla Skiedras audumam ar Ni parklajumu ka elektrodam ir
iegiita robezas 10 -10° kQ - cm®. Pretestibas lielums korelé ar $kiedru porainibu.

PROPERTIES OF NICKEL COATING ON THE
PHYSICOCHEMICALY MODIFIED GLASS FIBER FABRIC

L. Pétersone, E.Pentjuss, E.Gabrusenoks, J.Balodis, A.Liisis
Institute of Solid State Physics, University of Latvia

The research of properties of metal coating on the technical glass fiber goal is to create a
fiber with new physical and chemical properties of to create a new - innovative products
base on the glass fibers. Structure and properties of coatings will depend on the
morphology and the chemical activity of the surface fibers as well as on the constitution,
composition and microstructure fibers. Functionalisation of fibers was conducted in two
phases: nanostructuring and depotion metal coating. The metal coating on a glass fiber
fabric is deposited by DC or AC sputtering of metal target in vacuum. Nanostructuring of
fibers is realised by leaching and changing the kinetics of leaching process by ultrasound
(US) and temperature. From H20O sorption data followed the ileaching process produces
glass fibers with different pore structure. The aim of studies are to determine what is the
metal effect on the electrical properties of fabric and how they affect the porosity and
how they relate to the physical properties of fibers. Glass fabric coated with a metal
electrode as an important parameter is the sheet resistance. There is developed a
methodology for determining the electrical characteristics of the fabrics with metallic
coatings with electrochemical impedance method. Sheet resistance of K-glass fiber fabric
coated with Ni as the electrode is obtained within a 10 -10° kOhm cm®. Resistance
correlates with the size of the fiber porosity.
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DOZEJAMO PRODUKTU IZSNIEGSANAS AUTOMATU KONTROLES UN
LIMITESANAS IEKARTA UN TAS DARBIBAS ALGORITMS

I.Gvardina, A.Kristins, J.Melderis
Latvijas Universitates Cietvielu fizikas institiits

Apskatama iekarta lauj vadit dazadu produktu izsniegSanas automatu darbibu
atbilstosi lietotajiem pieskirtajam tiesibam. Iekarta nodroSina lidz 56 lietotaju atslégu un
Siem lietotajiem pieskirto produktu limitu glabasanu atmina. Darbibas algoritms atslégas
lauj lietot individuala vai kolektiva rezima. Visas atslégas var ieprogrammét vienu no
Sadiem devu daudzumiem: 30, 40, 50, 60, 70, 80, 90 vai bez ierobeZojumiem. Sist€tmu
programmé ar trijam Ipasam ,,master” atsleégam, kuras attiecigi ievada atslégas atmina,
1zdz€$ no atminas visas atslégas vai izdze$ no atminas atseviSkas atslégas. Divu decimalo
kartu displejs attelo atslégas pielikSanas bridi atlikuso devu skaitu.

Iekarta ir izgatavota péc SIA ,,Aqualogic” pasiitfjuma un tiek izmantota kafijas un
citu dz€rienu automatos dazadu iestazu darbinieku atspirdzinasanai ierobezota apmera.

DEVICE FOR CONTROL AND LIMITING OF AUTOMATS FOR DELIVERY
OF DOSED GOODS AND OPERATION ALGORITHM OF THE DEVICE

I.Gvardina, A.Kristins, J.Melderis
Institute of Solid State Physics, University of Latvia

The developed device allows managing the operation of automats for delivery of
different dosed goods in accordance with the rights allocated to users. The device ensures
storage in memory up to 56 user keys and limits of allocated rights to use the dosed
goods. Operational algorithm of device allows using the keys in the individual or
collective mode. Every key may be programmed for one of these quantities of dosed
goods: 30, 40, 50, 60, 70, 80, 90 doses or without limit of quantity. This system can be
programmed by three master keys — for entering keys in memory, for deleting all keys
from memory or for deleting several keys from memory accordingly. Two digit display
shows the remaining amount of doses when key is touched to the reader.

This device was manufactured by ,,Aqualogic” Ltd order and it is used for dispensing
refreshment in limited amounts for the staff of different institutions.
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LU CFI PAGALMA PIEKLUVES SISTEMA

I.Gvardina, A.Kristins, J.Melderis
Latvijas Universitates Cietvielu fizikas institiits

Pagalma piekluves sisttma nodroSina piekliSanu institiita pagalma teritorija
esoSajiem objektiem, lietojot durvis vai vartus. Sist€ma sastav no tikla kontroliera uz
Rabbit 3000 mikroprocesora bazes, kuram pievienoti durvju un vartu kontroles un
izpildierices, un no datordalas, sastavoSas no servera un administratora programmam un
datu bazes. Par personigas identifikacijas lidzekli kalpo Dallasa identifikacijas pogas
DS1990F5. Durvju stavokla sensors — herkons. Aizverta stavokla fikséSanai kalpo
elektromagnétiska slédzene ar noturéSanas speku > par 300 kg. Varti papildus aprikoti ar
divam dro$ibas IS barjeram. Kontrolieris sazinas ar serveri caur institiita Ethernet tiklu.
Lietotaju skaits 11dz 500. Kontroliera atmina fikséto notikumu skaits autonoma rezima
11dz 200. Durvju un vartu lietotaju saraksti ir neatkarigi.

ISSP YARD ACCESS CONTROL SYSTEM

I.Gvardina, A.Kristin$, J.Melderis
Institute of Solid State Physics, University of Latvia

Yard access control system ensures access via door or gate to the objects situated in
the ISSP yard. System consists of network controller based on Rabbit 3000
microprocessor, connected with door and gate control and executive tools, and
computer’s part, consisting of server and administration programs and date base. As a
means of personal identification serve Dallas DS1990F5 i-Buttons. Sensor of door
closing state is magnetic door detector. For ensuring of door locking serves
electromagnetic lock with holding power > as 300 kg. Gate is additionally equipped with
two security infrared barriers. Controller communicates with server via the Ethernet
network of ISSP. Number of users is up to 500. Number of events recorded in the
memory of the controller in off line mode — up to 200. Door and gate have independent
lists of users.
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JAUDAS TRANSFORMATORU PAKAPJU PARSLEDZEJKONTAKTU
DARBIBAS PARBAUDES IEKARTA

I.Gvardina, A.Kristins$, J.Melderis, J.Veinbergs
Latvijas Universitates Cietvielu fizikas institits

Jaudas transformatoru parslédzgjkontaktu parbaudes iekarta "KODA-3-M"
paredz€ta transformatoru pakapju parslédz&jierices kontaktu nostrades momentu
fiksacijai, ka art §is ierices kontaktora nostrades laiku fiksacijai ar sekojoSu parbaudes
rezultatu izdruku tabulas vai laika diagrammu veida.

Parbaudes iekartai divi darba reZimi:

e oscilografa rezims— kontaktora nostrades laiku fiksacijai;

o rinka diagrammas rezims — kop€jai parslédzgjkontaktu nostrades momentu

fiksacijai.

Iekarta veidota uz programméejama mikroprocesora ,,Rabbit 3000 bazes.

CFI RE izstradata procesora programma nodroSina nepiecieSama iekartas darbibas
algoritma izpildi, mériSanas datu uzkraSanu operativaja atmina, datu apstradi un izdruku
ar adatinu printeri.

Struktiirshémas Iiment apskatitas iekartas uzbtive un darbibas skaidrojums.

Doti parbaudes iekartas tehniskie parametri un reali iegtto rezultatu izdrukas gan
diagrammu, gan tabulas veida.

Parbaudes iekarta paredzéta darbam lauka apstaklos plasa darba temperatiiras
diapazona.

DEVICE FOR TESTING OF ACTION OF THE POWER TRANSFORMER’S
STEP SWITCHING CONTACTS ,,KODA-3-M”

I.Gvardina, A.Kristin$, J. Melderis, J.Veinbergs
Institute of Solid State Physics, University of Latvia

This device for testing of the switching contacts of power transformers "KODA-3-M"
is intended for fixing the moments of activation of the transformer’s step switching
contacts, and also for fixing the times of switching of transformer’s contactor with the
subsequent printing the results of testing as the table or the time diagram.

This testing device has two operational modes:

e  oscillograph mode — for fixing the times of switching of transformer’s contactor;

o circle diagram mode — for fixing all the moments of activation of the

transformer’s step switching contacts.

This device was designed on the base of Rabbit 3000 programmable microprocessor.

Processor program developed in Laboratory of Electronic Engineering, ISSP provides
execution of the algorithm necessary for the activity of the device, accumulation in
operative memory, processing and printing by the dot matrix printer of the measured data.

Device’s structure and principles of its work are considered at a level of the block
diagram.

Technical parameters of this testing device and real listings with the received results,
both as diagrams and as the tables are given.

This testing device is intended for work in field conditions in a wide temperature
range.
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GUDRA PILSETA: JAUNI RIKI ESOSAI IELU APGAISMES
INFRASTRUKTURAI

P.Annusl’z, E. Haldrez, J Oj arandl, U. Méinnil’z, A.Kristil,lé3
IKompetences centrs ELIKO, Igaunija
Tallinas Tehnologiskas Universitates Elektronikas Institiits, Igaunija,
*Latvijas Universitdtes Cietvielu fizikas institiits

Projekteto sistemu paredzets pielietot pilsétu apgaismosanas elektrotiklu izmantoSanai
ar1 talak minéto papildus funkciju veikSanai.

Devéju apvienoSana un daudzu dev€ju datu savienoSana lidz Sim galvenokart tika
izmantota militarajos pielietojumos. Misdienu pilsétas ir daudz problému, kuras var atrisinat
ar multisensoru informacijas apvienoSanu. Griti ir palauties uz tiri centralizétu datu
savaksanu un apstradi, ja to veic daudzi individuali lietotaji. Datu lokala apstrade ir svariga
vairuma gadijumu, kur iesaistiti daudzi subjekti, tapat ka daudzreiz ir pamatota unificéta
dinamiska apstrade datiem, kuri pienak no dazadu tipu sensoriem un ir paredz&ti dazadiem
lietotajiem. Galvenais uzdevums ir noteikt un dal&ji aizpildit robus, kuri traucé uzsakt
unificétu esoSo standartu un eso$as infrastruktiiras maksimalu izmantoSanu. Izstradatajam
metodém ir janodroSina lokalo resursu izmantoSana uz vietas, tapat ka arm1 multisensoru
multiparametru datu savakSanu un apkopoSanu atkariba no eso$ajam vajadzibam un
pieejamajiem resursiem. Sensoru savietojamiba, savaktas informacijas novertéSana uz vietas,
abu So iesp€ju droSums un arT unificéta metode ka parsiitit savaktos datus ar&jiem adresatiem,
tie ir butiski priekSnosacijumi jaunu, gudru pakalpojumu realiz€Sanai. Tie ir nepiecieSami
ckologiskas situacijas novértéSanai pilsétas rajonos, mediciniskas palidzibas izsaukumu
nodro$inasanai, vienmé&rigakam un mazak piesarnojosam transportam utt.

SMART CITY: NEW TASKS FOR THE EXISTING STREET LIGHTING
INFRASTRUCTURE

P.Annusl’z, E. Haldrez, J Oj arandl, U. Méinnil’z, A.Kristil,lé3
'ELIKO Competence Centre, Estonia
Tallinn University of Technology, Estonia
3 Institute of Solid State Physics, University of Latvia

The developed system is envisaged to apply for street lighting power network as well as
for different additional functions described below.

Sensor fusion and multisensory data fusion are up to now mostly investigated in
connection with military applicability. Modern cities pose many challenging tasks, which
could be solved by utilizing multisensory data fusion. It is hardly possible to rely purely on
central data collection, processing and decision making with many individual separated
actors involved. Local intelligence is essential in most cases involving very large number of
subjects, as well as unified approach for dynamic handling of the data gathered from different
sensor types for different actors. Main task is seen in defining and partially filling the gaps
preventing open unified approach by utilizing existing standards and infrastructure to
maximum extent. Developed methods should allow single site single parameter measurement
solutions as well as multisensory, multisite, and multi-parameter data collection in unified
manner depending on actual needs and available resources. Connectivity between sensors,
local assessment of gathered information, reliability of both and also unified approach how to
transfer gathered data to outside recipients, are the essential prerequisites to allow new smart
services. They are needed for assessment of environmental situation in urban areas, aid for
medically challenged persons, smoother and less polluting transportation etc.
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CUINSE, HETEROSTRUKTURU IEGUSANA UZ NANOSTRUKTURETAM
ZNO PLANAJAM KARTINAM

I.Mihailova', V.Gerbredersl, E.Sledevskisl’z, E.Tamanis'
!G.Liberta Inovativas mikroskopijas centrs, Daugavpils
’Latvijas Universitates Cietvielu fizikas institiits

Misdienas arvien pieaugoSu interesi izraisa ZnO-CulnSe, robezvirsma, jo ta
nosaka uz CulnSe bazetu plano kartinu saules bateriju elementu darbibas efektivitati.
Veicot petijumu, tika iegiitas ZnO-CulnSe; heterostruktiiras. Sakuma uz stikla pamatnes
tika uzputinata Zn kartina, kuru atkvelinot gaisa pie noteiktas temperaturas, tika iegttas
adatveidigas ZnO nanostruktiiras. Uz Stm struktiram sekojosi tika uzputinati Se un In
slani ar termiskas uzputinaSanas metodi un Cu slanis ar jonu uzputinaSanas metodi.
legiitas planas kartinas tika atkv€linatas gaisa, strukturalas izmainpas atkariba no
temperatiiras tika pétitas ar skengjosa elektronu mikroskopa un rentgendifraktometra
palidzibu.

OBTAINING CUINSE; HETEROSTRUCTURES
ON NANOSTRUCTURED ZNO FILMS

I.Mihailova' , V.Gerbredersl, E.Sledevskisl’z, E.Tamanis'
"Innovation Centre of Microscopy, Daugavpils University
?Institute of Solid State Physics, University of Latvia

The ZnO-CulnSe;-interface is of vital interest as it determines the performance
within CIS based thin film solar cells. ZnO-CulnSe, heterostructures were obtained
during the experiment. Needle-shaped nanostructures of ZnO have initially been grown
by thermal annealing in air of evaporated layer of Zn on glass substrate. Onto these
structures Se and In layer were successive evaporated by thermal evaporation method and
Cu layer — by ion evaporation method in vacuum. Obtained structures were annealed in
air. The dependence of structural changes versus temperature was studied by using
scanning electron microscopy and X-ray diffraction analysis methods.
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CENTRALAPKURES PROCESU KORELATIVA ANALIZE UN
TO LINEARIE REGRESIJAS MODELI

U.Kanders', D.Turlajs”

'Latvijas Universitates Cietvielu fizikas institiits
*Rigas Tehniskas universitates TMF

Sa pétljuma ietvaros tika detalizéti iztirzata centralizétas siltumapgades
siltumnesg€ja turpgaitas temperatiras, T;, ka regresenta korelativa saistiba ar argaisa
temperatiiru, T,, ka regresoru, izmantojot korelativas analizes rikus. Saja sakara
korelogrammas tika papildinatas ar konceptu par T,xT; temperatiras lauku un ta
strukturéSanu, parklajot T.& T -korelogrammas ar temperatiiras rezgi, kuru veido 1x2-
gradu TaexT;-Stnu struktura. Sada temperatiiras rezgl var uzskatami izdalit specifiskus
korelogrammas apgabalus, kurus pamatoti sauc par temperatiras kontiiriem (TK). Ar TK
palidzibu no pilnas T.e&T;-korelogrammas, kura dotaja gadijuma sastavéja no 4608
(Tagi; T1y)-punktiem, tika izdaliti atseviSki specifiski tas posmi un apgabali, kuri
norobezoja no pilnas korelogrammas attiecigas (Tagi; Tri)-punktu apakSkopas. Sis
konkrétiem TK piederosas (Tuei; Trii)-punktu apakSkopas tika detalizéti izpétitas ka
atseviski statistiskie objekti. Padzilinatu un vairak detalizétu priekSstatu par §Stm ar TK
saistitajam (Tagi; T1i)-punktu apaksSskopam ka statistiskajiem objektiem vargja iegiit,
izskait]ojot to vid€jos centralo tendencu raditajus un izkliedes raditajus. Katram $adam
TK tika aprékinats korelacijas koeficients un tika izveidoti linearie regresijas modeli.
Ta&Ti-korelogrammas peétjjumos vienmér aktuals ir bijis jautajums par iesp&jami
atbilstigaka regresijas modela konstruéSanu, kura piemérotiba tika noveértéta ar
determinacijas koeficienta, R"2, lielumu — jo lielaka R"2 veértiba, jo augstaka modela
piemérotiba. Determinacijas koeficients, R*2, procentuali parada, kadu (Tagi; Tiy)-punktu
izkliedes dalu kontrole dotais regresijas vienadojums.

CORRELATION ANALYSIS OF DISTRICT HEATING PROCESSES AND
THEIR REGRESSION MODELS

U.Kanders', D.Turlajs’

The report deals with correlation analysis of district heating (DH) processes using
temperature domain (TD) method based on investigation of outside temperature, Toy, as
regressor and DH supply water temperature, Ts, as regresent scatter plots containing
(Tourr; Tsi)-points.. In this regard, the T, &Ts-scatter plots being investigated more in
details were overlapped with the T, &Ts temperature field which consists of 1x2-degree
Tou& Ts-cell structure. In such way structured temperature field allows to create different
size temperature domains, TD, depending on specific properties of the scatter plots, e.g.,
depending on particularities of supposed regression line or (Touer; Tsi)-points density.
Thus, the TD-method allows distributing the complete T, & Ts-scatter plot, containing in
this case 4608 (Tour; Tsi)-points, in to several specific sub-TD. These sub-TD's,
containing corresponding subsets less than 4608 (Tou; Tsi)-points of the complete
heating season TD (HS-TD), have been investigated as separate statistical objects and
corresponding regression models within TD have been developed.
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SKAITITAJU AIZSARDZIBAI PAREDZETA PLOMBA, KAS IR JUTIGA PRET
MAGNETISKA LAUKA IEDARBIBU

V.Vorohobovs
Latvijas Universitate

Misdienas vairakumu Latvija pielietoto tidens skaititaju iesp&jams apturét ar spéciga magnéta
palidzibu. So paradibu izmanto daudzi iedzivotaji, kas piestiprina magnétus pie saviem
skaititajiem, un, tadgjadi, zog tdeni. Pat modernakus, no magnéta iedarbibas aizsargatakus
skaitTtajus vienalga var apstadinat ar magn&tu. Vienkarsi japanem stipraks magnéts, pieméram, ja
vecos skaititajus var€ja apstadinat ar ferrita-barija magnetu, tad jaunajam skaifitajam, kas ir
aizsargats no magnéta iedarbibas, blis nepiecieSsams magnéts no Nd sakaus&juma. Bet arT tadi ir
pieejami Sodien tirgd.

Tacu, tagad es piedavaju jaunu, nedargu plombu, kuru iesp&jams piestiprinat uz jau uzstaditu
tdens vai gazes skaititaju. ST plomba fiks€s jebkadu méginajumi paléninat skaititaja darbibu ar
magnéta palidzibu.

Pirms magnéta iedarbibas. P&c magnéta iedarbibas.

Plombas korpuss ir maza hermétiska kamera ar caurspidigu lodzinu, kuras iekSiené ir melns
gredzens. Melna gredzena centra ar neapbrunotu aci redzams balts aplis. Pietuvinot $ai plombai
magnétu, baltais aplis pazudis uz visiem laikiem.

Plomba ir uztaisita ta, ka balto apliti nav iesp&jams atjaunot. Tad€] plombas ieks€jas struktiiras
sajaukums neradis Saubas par noziegumu gan patérétajam, gan inspektoram.

Tapat ka parastai plombai, arT magnétjlitigai ir piestiprinasanas sistéma, kas laus piestiprinat to
pie skaititaja, tacu nelaus, to nonemt un uzstadit atkartoti.

Tai ir arT savs unikals numurs un burtu kods, kas laus identificét plombas un palidzgs kontrolgt,
lai plomba netiktu nomainita.Plombas uzstadiSana neprasa Tpasas prasmes.Patentetas.
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