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NELINEARI OPTISKI MATERIALI
UN OPTOMETRIJAS PROBLEMAS



FIZIKAS DOKTORE IRENA PLAVINA
(28.02.1928 - 20.10.2003)

A.Tale
Latvijas Universitate

PagajusSais gads izradijas pédejais Valsts emeritétas zinatnieces Dr. habil. phys. Irénas
Plavinas darbigaja muza, no kura vairak ka pusgadsimts nesavtigi atdots cietvielu (jonu
kristalu) fizikai. Majas lapa 1. Plavina gan uzsver, ka ta ir eksperimentala cietvielu fizika.

Man ir bijusi divi skolotaji [lmars Vitols un Iréna Plavina, abi Dr. habil. phys. un Latvijas
Valsts Universitates Fizikas un matematikas fakultates (LVU FMF) docenta Ludviga Jansona
skolnieki. 1958. gada man palaim&jas noklausities dazas doc. L.Jansona lekcijas fizikalas
optikas kursa. Aspirants [lmars Vitols 1959. gada vadija manu diplomdarbu. Irénas Plavinas
zinatniskaja vadiba pagajusi 45 gadi.

Iréna Plavina dzimusi 1928. gada 28. februari Riga Elizabetes Velmeres (dz. Nagaines) un
Karla Velmera gimeng. Irénas tevs ir skolotajs. Péc daziem gadiem $ai gimen€ jau aug ari otra
meita — Dina. Vecaki riip€jas, lai meitenes sanemtu vislabako izglitibu. Sakuma Iréna macas
18. pamatskola Ciekurkalna, péc tam Rigas 2. gimnazija, turklat, ka atskatoties pati noverte -
laika, kad tur fiziku maca pat augstaka Iiment neka daudzus citus priekSmetus. Matematiku
maca talantigd un Irénas iemilota skolotaja H. Bandere, un Iréna gandriz nolemj studét
matematiku. Tomér beigusi gimnaziju, vina izvélas fiziku un studé LVU FMF (1947-1952).

Iréna atceras, ka tas ir laiks, kad tur strada 8 fizikas pasniedzgji. (Tie varétu but doc.
L.Jansons, doc. A.Apinis, vec.pasn. J .Cudars, doc. E. Papédis, J.Eiduss, I.Everss, A.Jansone;
E.Kraulina — no 1947 gan ir aspirantura pie S.E. FriSa VU Leningrada). Eksperimentalas
fizikas katedru vada doc. fizikas un matematikas zinatnu kandidats L.Jansons, gramatas
“Fizikas praktikums” autors. Zinatniska p&tnieciba iezimé&jas divi galvenie virzieni — optika
un cietvielu fizika. Doc. L.Jansons parliecina I.Plavinu pievérsties jonu kristalu fizikai. Vina
vadiba Iréna izstrada diplomdarbu “Elektrolizes ietekme uz jonu kristalu optiskam 1paSibam.”

Tr1s nakoSos gadus Iréna strada par inzenieri zinatniskas p&tniecibas institiita Piemaskavas
pilsétina Frjazino. Seko aspirantiira (1955-1957) PSRS Zinatpu Akad@mijas P. Lebedeva
Fizikas instittita (FIAN) Maskava.

“Maskavas perioda” Iréna apprecas un 1954. gada piedzimst dvini — Ilze un Juris. (Ilze
izstudé par arsti, Juris beidz LU FMF. Abiem ir savas gimenes un bérni. Ilzei — Janis un
Laima, Jurim — Reinis un Alise). Pati Iréna apgalvo, ka gimenes riipes nav nemaz traucgjusas
vinas fizikes karjerai. M&s, koléges, gan it labi zinam, ka tas ta var€ja but, tikai pateicoties
vinas vecaku, it seviski Irénas mates un mates masas gadibai.

1958. gada, Iréna Plavina sak stradat Latvijas (toreiz Latvijas PSR) Zinatnu Akadémijas
(ZA) Fizikas institiita (FI). Institata, kas radies no Fizikas un matematikas institlita un kura
direktora vietnieks kadu laiku (1946-1950) bijis doc. L. Jansons.

Sakuma vinas ir divas. Otra ir Miralda Trinklere, kura kadu laiku stradajusi par fizikas
pasniedzgju. Péc gada Iréna jau vada fiziku grupu, kura ir Baiba Zunde (v€lak Bérzina), Aija
Everte (velak Tale), tikko absolvejusas LVU FMF, un tas paSas fakultates 1. kursa students
Levs Nagli. Atrodamies €ka pie Maras dika Pardaugava.

[.Plavina aizstav disertaciju “Foto- un fy-luminiscences kin&tika dazos sarmu metalu
halogenidos,” ieglistot fizikas un matematikas zinatnpu kandidata gradu (1959). 1960 gada
kopa ar Ilmaru Vitolu nopublic€ rakstu zurnala Optika un spektroskopija. Tas jau ir Plavinas
ceturta publikacija Sai Zurnala.

Pakapeniski tiek sagadata eksperimentiem vajadziga aparatiira. Sakuma ir 2 milzigi
oscilografi (DESO ar 10® s lielu laika iz8kirSanu), paskonstrugtas “dzirksteles.” Tiek
izmantoti fotoelektronu pavairotaji un to baroSanas bloki no kodolfizikas scintilatoru
iekartam. Seit jaatzimé, ka pirms lielas parvak3anaas uz jaunuzcelto Fizikas institiita &ku
Salaspili masu grupu ar liclgabarita aparatiiru izmantoja strat€giskiem mérkiem, lai aiznpemtu
péc iespgja lielaku platibu Instititam augstceltenes 3. stava (Turgeneva iela). Kad tas bija
veikts, bija jaatgriezas pie Maras dika. Otraja augstceltnes perioda bijam grupa Imanta Feltina
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Pusvaditaju laboratorija, kur bija jaieveéro dzelzaina disciplina. Institiita kop€ji bija zinatniskie
seminari, $kidra slapekla piegade un iesp€ja izmantot mehaniskas darbnicas pakalpojumus.

Ne viss norit nevainojami um gludi. Irénai jaraksta paskaidrojums, kapec 1. Maija svétkos
laboaratorija uzspragst $kidra slapekla djuars. Situaciju nedaudz atvieglo tas, ka negadijjumu
pirms sveétku demonstracijas atklajam pasSas, péc izsista loga augstceltnes 3. stava sétas puse.

Sakuma spektraliem mérfjumiem tiek iegadats/sadabiits spektrofotometrs SF-4. Esam
apnémigas uzkonstruét pat monohromatoru, Iidz sanemam Carl Zeiss Jena razojumu SPM-1
ar mainamam prizmam, vélak vél vienu un ar1i — SPM-2, kam lielaka spektrala izskirSana. Ar1
— SPECORD-UV-VIS, kas paredzg&ts absorbcijas merjjumiem. Bet tas jau ir tad, kad esam
Salaspili.

Institiita darbnicas top eksperimentalu iekartu atseviski mezgli un galdi, ka ar1 skidra
slapekla kriostati, tick montétas vakuuma iekartas. Sai zina daudz palidz I.Vitols un kol&gi no
Pusvaditaju fizikas problému laboratorijas (PFPL). Ta neatlaidigd un mérktiecigd darba uz
nelielas fiziku grupas ka bazes izveidojas Jonu kristalu spektroskopijas laboratorija (JKSL).
Iréna Plavina ir tas vaditaja 25 gadus (1968 — 1992).

I.Plavinas vadiba sakotngjas grupas 3 lidzstradnieces izstrada un aizstav disertacijas,
iegistot fizikas un matematikas zinatnu kandidata gradu, - M.Trinklere 1967, VAAK-s gradu
pieskir 1968; B.Bérzina un A.Tale, abas — 1969). Driz vinam pievienojas L[..Nagli 1971,
V.G.Cerpaks ~1971 un R.Kalnind 1975. Notiek regulari iknedélas zinatniskie seminari, pat
Ipasam teémam veltiti lasijumi. M. Trinklere nolasa lekciju kursu par Jana-Tellera efektu.

1974. gada 1.Plavina, viena no pirmajam Latvijas fizik€m (pati pirma ir Elza Kraulina
1971), aizstav doktora disertaciju “Atri luminiscences procesi aktivétos sarmu metalu
halogenidos,” (uzraksta jau 1973) un 1976. gada sanem fizikas un matematikas zinatnu
doktores diplomu. Vinai pieskir profesores zinatnisko nosaukumu cietvielu fizika. Velak
1992. gada, t.i. “pirmaja PSRS zinatnisko gradu nostrifikacijas vilni “ — kandidata gradu
pielidzina LR gradam Dr. habil. phys.

Kops studiju gadiem I.Plavina ir pieversusies jonu kristalu fizikai, tai nesavtigi tiek atdoti
vinas turpmakie dzives un darba gadi. I.Plavina iezZim€ savu zinatnisko virzienu, vispusigi
pétot ns*~jonu luminiscenci aktivétos sarmu metalu halogenidos. Mérktiecigi sak ar procesiem
pasa aktivatora jona (tieSa optiska ierosme) un tad pariet pie energijas parneses izpétes no
pamatvielas aktivatoram (optiska anjona ierosmé vai apstarojot ar elektroniem, X-stariem
u.c.). Tiek atklata loti atra energijas parnese no F-centra aktivatoram. Uz dzilas fizikalu
procesu izpétes tiek balstiti dazadi praktiski aktiveétu sarmu metalu halogenidu pielietojumi
(optiskas atminas elementi, nekoherentas vai koherentas optiskas informacijas ieraksts, UV,
elektronu vai Rentgena staru 2-dimensiju att€lu iegtiSana, dazadu starojumu dozu mériSana
u.c.).

Paraleli “tiri” zinatniskiem pé€tjjumiem rit darbs ligumdarbu virziena, kurus slédz ar
“militara kompleks iestadém Maskava un Leningrada. Ta ir nepiecieSamiba, - lai bitu
pietiekosi daudz Iidzeklu aparatiiras iegadei, jaunu eksperimentalo metozu ievieSanai un
laboratorijas paplaSinasanai. Ne visi zinatniskie Iidzstradnieki ir iesaistiti ligumdarbu izpildg.
Iréna ir novert&jusi katra sp€jas un piemerotibu, un personala spéki tiek racionali sadaliti.
Tacu art Sai zipa 1. Plavina vienme@r ir centusies panakt, lai m&s var€tu vienlaicigi risinat
“fundamentalas zinatnes problémas”. Vina panak, ka tiek nonemts slepenibas grifs un iegtitos
zinatniskos rezultatus drikst nopublicét.

Astondesmito gadu vidi JKSL ir moderna pétniecibas laboratorija. Ta ir apgadata ar
aparatiiru spektraliem mérjjumiem UV, redzama un infrasarkana diapazona (optisku prizmu
un difrakcijas rezgu monohromatori) ar izvérsi laika, sakot no 10 ns (dazadi oscilografi,
paSrakstitaji), plasa temperatiiru intervala, sakot no Skidra hélija un slapekla temperatiiram
lidz augstakam temperatiram, izmantojot atbilstoSus kriostatus un krasnis, ka ar1 dazadu
starojumu veidu ierosmi vai apstarosanu (impulsa un stacionari gaismas avoti, He-Ne un
vairaki eksiméra lazeri, elektronu lielgabals un dazadu radioizotopu avoti). Gandriz katram
lidzstraniekam ir sava eksperimentala iekarta.

Tiek izgatavoti arT petamie paraugi (aktiveti sarmu metalu halogenidi) monokristalu veida,
pielietojot Stokbargera un Kiropulosa metodes, vai ka planas kartinas, uztvaicgjot vakuuma
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uz cita kristala pamatnes, un preséti pulveri. Laboratorija ir 7 tehmiskie darbinieki (kimikis,
optikis, konstruktors, 2 mehaniki, 2 elektronikas inzenierti).

1990. gada fizikas un matematikas zinatnu gradu aizstav I.Plavinas aspirants A.l.Popovs.
I.Plavinas sakotngjas zinatnieku grupas cetriem lidzstradniekiem-zinatpu kandidatiem
(doktoriem) ir savi skolnieki.

Pakavgjoties sikak, M.Trinklere bija savukart zinatniska vaditaja 3 aspirantiem cietvielu
fizika (A.Kalnipam 1977, 1.Zolovkinai 1977 un L.Trinklerei 1989, péd€jai autoreferata ka
vaditaja figuré [.Plavina). L.Nagli sekmigi vadija aspirantu darbus N.G.Stapko 1986
(Ukraina) un S.V.Djacenko 1988. (TreSais aspirants O.Tipans disertaciju nepabeidza). Ari
vairakus diplomdarbus (M.Rots, V.Sehtmans, M.Karklina u.c.). L.Nagli 1983 veica kop&jus
eksperimentus ar V.P.Danilovu, kadu laiku sadarbojas ar akadémika A.M.Prohorova
lidzstradniekiem FIAN-a (~7-8 kopgjas publikacijas), Iidz — 1988 aizstavéja un 1989 ieguva
augstako — doktora gradu fizika. B.B@rzipai bija 2 aspiranti (L.Intenbergs ~1985,
J.Obrazcova darbu nepabeidz).

Dala kvalificetu specialistu, kuri par tadiem kluva I.Plavinas laboratorija, paliek stradat
taja, kamér dazi (L.Nagli, V.Cernaks) strada arpus Latvijas. Vini turpina analogu fizikalu
procesu pétijumus, tikai citas jonu kristalu klas€s, ka pieméram, sudraba halogenidos. Ir ar
tadi, kuri strada pavisam citas sferas (piemeéram, R.Kalnin$ — nekustamie 1paSumi, O.Tipans —
Valsts Prezidentes padomnieks).

RadoSa ir I.Plavinas sadarbiba ar zinatniekiem Latvija (I.Vitols, J.Valbis, G.Vale,
V Ziraps, 1.Tale, K.Svarcs, S.A.Cernovs, D.Millers u.c.), Igaunija (N.Lus¢ika, S.Zazubovica,
C.Lustiks, N.Kristofels, J.Kirss, A.Nijlisks, M.Elango u.c.), Krievija (V.V.Antonovs-
Romanovskis, L.M.Samovskis, G.I.Vlasovs, V.P.Objedkovs, P.G.Baranovs, P.F.Braclavecs,
B.1.Rapoports u.c.), Ukraina (N.B.Zitovs, S.P.Kinah, N.S. Pidzirailo u.c.), Polija (Z.Postawa,
M.Szymonski). ST sadarbiba izpauZas gan jauno zinatnieku skolo$ana, gan kopgjos
eksperimentos, to izverté$ana un publiceSana.

[.Plavina ir autore un Iidzautore vairak ka 80 zinatniskam publikacijam, 8 izgudrojumiem
(PSRS patentiem), vairak ka 40 zinojumiem starptautiskas konferences, kuras veltitas
luminiscencei, krasu centru un rezga defektiem jonu kristalos, luminiscences detektoriem un
dozu méritajiem u.c.

Astondesmito gadu sakuma vina ka sieviete-zinatniece ar miera misiju brauc uz ASV.
Parmainus dzivo 3 dazadas amerikanu gimenés Aiovas §tata un stasta par Latviju, tas
cilvékiem. Neaizmirst katram laboratorijas darbiniekam atvest kadu suveniru-davaninu.

I.Plavina, biidama grupas, vélak laboratorijas vaditaja, darbojas Fizikas institiita
Zinatniskaja Padomé. Siltuma un energijas parneses laboratorijas vaditajs akad. Elmars Blams
atzZim€ vinas korekto attiecksmi pret koleégiem, atsaucibu un principialitati, risinot dazadas
problémas, un prasmi, diplomatiski noveérst konfliktus, nevienu pusi neaizvainojot. Irénas déls
Juris Plavin$ péc FMF beigSanas strada vina laboratorija, beidz aspirantiru magnétisko
Skidrumu joma un iegiist Dr. phys. gradu. E.Bliims atzime, ka $ai zina ar Irénu nav bijuSas
nekadas domstarpibas; vina izlidz&jusi ar triikstoSo aparattiru un konsult€jusi luminiscences
jautajumos.

I.Plavinas vadiba izstradatas un aizstavétas 7 zinatnu kandidata (doktora) disertacijas,
laboratorijas eksperimentala baze nodroSina vairaku LU studentu kursa un diplomdarbu
sekmigu izpildi (L..Naglim, J. Kristapsonam, G. Spulgim, R. Kalninam S. Stolarovai u.c.).

Ilgus gadus I[.Plavina ir LZA FI specializétas padomes locekle zinatnisko gradu
pieskirSana. Vina ir oponente daudzam disertacijam cietvielu fizika (I.Tale 1974, D.Millers
1975), optika (J.Valbis 1966, J.Bogans 1969, 1.Vitols 1969) un cietvielu spektroskopija,
cietvielu radiacijas fizika (J.Kristapsons 1971), arl “vadoSa organizacija” (iespgjams,
M.Jansona 1969, 1.Vitola 1975; E.Kotomina 1975 un J.Valbja 1984, A.Medvida 1979
disertacijam ).

I.Plavinai pieskirtas 3 Latvijas PSR ZA Prezidija prémijas (pirma — 1977, 1981; otra —
1990). Oficiala atziniba par zinatné veikto ir Latvijas PSR Nopelniem bagata zinatnes
darbinieka goda nosaukums (1988) un Valsts emeritéta zinatnieka nosaukums (1996).



Starptautiska Latvijas zinatnes ekspertize devindesmito gadu sakuma atzist, ka eksitonu
procesu pétijumi noliika izskaidrot telpiski korelétu defektu rasanos, ir aktuali. Sai laika
laboratorija vél ir septini zinatniskie darbinieki (B.Bérzina, A.Kalnins, I.Plavina, A.Popovs,
A.Tale, L.Trinklere, M.Trinklere). P&d&jo 5 gadu kvantitativais raditajs ir vidgi 0,7
publikacijas uz vienu zinatnieku gada.

Uzskatu, ka [.Plavinas darba rezultats ir viena no 4 LZA FI laboratorijam (tagad - Jonu
materialu defektru laboratorija, vad. Dr. habil. phys. B.Bérzina), kuras 1993. gada tiek
ieklautas LU CFI sastava.

Péc tam, kad I.Plavina laboratorijas vadibas grozus (no vinas pasas maz atkarigu iemeslu
del) nodod Baibas Berzinas rokas, ir laika periods (1993 — 1995), kad vina ir pensionare, bet
turpina stradat ar lielu atdevi. Publikaciju Tpatsvars un daliba starptautiskas konferencés 1994
ir vislielaka.

Vinai ir Joti svarigi biit kada zinatniska kolektiva un parstavet to. Turpmakos gadus vina
vada LZP projektus vai piedalas to izpilde LU Cietvielu fizikas instittita Nesakartotu
materialu fizikas nodala, kuru vada Dr. habil. phys. D.Millers (Cietvielu radiacijas fizikas
laboratorijas sastava, vad. — Dr. habil. phys. L. Grigorjeva). Projektu tematika skar radiacijas
defektu telpisko korelaciju, to rasanos eksitonu (eksitona polaritonu) procesa un detekteéSanu
fotostimuléta luminiscence.

I.Plavinai riip zinatnes stavoklis un fizikas attistiba Latvija. 2001. g. novembrT vina raksta:
“Sis nav tas labakais laiks zinatnei. Lai ta attistitos nepiecieSams piendcigs finansgjums ka
algam, ta ar1 musdieniga [imena aparatiiras iegadei.”

Lidz sava miiza beigam vina ir aktivo Latvijas zinatnieku vida. Vina referé ikgadgjas LU
CFI konferencs un piedalas starptautiskajas SPIE konferencés. Ari veél 2002. gada Riga.
2003. gada kopa ar Dr. M. Trinkleri redakcija ir iesniegts raksts “Tuvu defektu paru
veidoSanas pie zemam temperatiiram aktivétos sarmu metalu halogenidu kristalos UV-
gaismas ietekmé&”. Ja, zZimigi, ka abas vinas arT saka eksperimentus 1958. gada un 1962. gada
uzrakstija pirmo kop€jo publikaciju zurnala Ontuka u cnekrpockonus, bija iniciatores pirma
parskata raksta tapSanai zurnala Physica Status Solidi 1965.

Iréna Plavina ir pateiciga saviem skolotajiem, izcilam personibam, ka vina pati atzimgja, —
skolotajam Voldemaram Zelmenim pamatskola, doc. Ludvigam Jansonam LU FMF, prof.
Mihailam Dmitrijevicam Galaninam - aspirantiiras vaditagjam “FIAN”-a. Un - kolégim
Pjotram .Fjodorovi¢am Braclavcam, velak stradajot pie ligumdarbiem.

Godiga atticksme pret darbu, augsti zinatnieka €tikas principi, prasme planot, organizet un
mérktiecigi vadit zinatnieku kolektiva darbu, drosme parvarét griitibas un nakt klaja ar
faktiem, kuri apgaz esoSos, visparpienemtos un it ka neapstridamos priekstatus,
bezkompromisa attieksme pret negodigu ricibu, nievajosa attieksme pret arisSkibam — raksturo
zinatnieci I.Plavinu. Domaju, ka to var apliecinat gandriz visi, kas bijusi vipas kolégi un
stradajusi ar vigu kopa gan abos institiitos, gan piedalijusies vienas un tajas pasas konferences
vai kados citos pasakumos.

Iréna loti mil&ja pétnieces darbu, sekoja uz dzilam zinasanam balstitai intuicijai un bija
laimiga, parsteigta un gandarita, aizvien ko jaunu atklajot. Ipatngji ir tas, ka vina visu mizu
nav mainijusi ne petijjumu virzienu, ne pétjjumu objektus. Rakstot jaunu publikaciju, reti kad
meédza ieskatities iepriekS€jos pierakstos. Nekad nav Skiedusi savus spekus nelietderigi. Vina
planoja savu laiku gan darbam, gan atpiitai. Relaks€ja, spél&jot klavieres, lidz tas “upurgja
gimenes laba”... Visaugstak vértéja atptitu daba. Sava laika tie bija laivu braucieni pa Latvijas
upém Ventu, Gauju, Salacu, Riju, Pededzi neliela kolégu-draugu un radu pulka.

2002. gada 24. oktobr1 fizikas doktori Irénu Plavinu p&dgja gaita uz atdusas vietu Raina
kapos blakus vecakiem izvada Sv. P&tera Evanggliski luteriskas baznicas macitajs Atis
Voicehovskis. Pavaditaju pulka ir vinas masa, meita, déls, mazb&rni un citi radi, tuvinieki,
draugi, daudzi skolas un studiju biedri, Irénas skolnieki un kolégi LU un LZA.



AMORFO HALKOGENIDU PUSVADITAJU IZMANTOSANA OPTISKAS
TEHNOLOGIJAS

J.Teteris
Latvijas Universitates Cietvielu fizikas institiits

Amorfie halkogenidu pusvaditaju (As-S, As-Se, Ge-S, Ge-Se u.c.) planas kartipas izraisa
pieaugosu interesi ka perspektivi materiali informacijas optiskam ierakstam un apstradei.
Bitiskas optisko 1pasibu fotoinducétas izmainas (An < 0,8 ; AE, < 0,4 eV) Sajos materialos
dod iespgju veikt fazu vai amplitidas ierakstu planas kartinas reala laika. Fotoinducgtas
izmainas halkogenidu pusvaditajos saistitas ar kimisko saiSu transformaciju, kas art nosaka So
materidlu augsto izskir§anas spéju ( ~ 10° mm™) un iesp&ju tos izmantot holografija un
litografija. Uz So savienojumu bazes izstradati fotorezisti redzamaja spektra dala (A< 700 nm)
ar gaismas jutibu ~ 10 mJ/cm’. Referata apskatiti o fotorezistu darbibas principi un to
pielietoSanas iesp&jas reljefa hologrammu un holografisko optisko elementu raZoSana.
Paradita iesp&ja izmantot amorfo halkogenidu planas kartinas planarajos vilpvados.

APPLICATION OF AMORPHOUS CHALCOGENIDE
SEMICONDUCTORS IN OPTICAL TECHNOLOGY

J.Teteris
Institute of Solid State Physics, University of Latvia, LV-1063, Riga, Latvia

Thin films of amorphous chalcogenide semiconductors (As-S, As-Se, Ge-S, Ge-Se ) have
been recently studied as promising media for optical recording and processing of information.
The essential photoinduced changes of optical properties (An < 0,8 ; AE, < 0,4 eV) enable to
perform real time phase or amplitude recording in thin films of these materials. The
photoinduced changes in amorphous chalcogenide semiconductors are due to transformation
of the chemical bonds. Therefore these materials possess extremely high resolution ( ~ 10?
mm™”) and they can be successfully used in holography and photolithography. The
photoresists with a light sensitivity ~ 10 mJ/cm® for visible spectrum (A< 700 nm) were
produced on the base of these compounds. The main functional principles and possibilities of
the practical use of these photoresists for the production of embossed holograms and
holographic optical elements are discussed. The possibility to apply the thin films of
amorphous chalcogenide semiconductors as planar waveguides has been shown.



HROMOFORA GRUPU IZMAINU IETEKME UZ HOLOGRAFISKO IERAKSTU
AZOBENZOLA OLIGOMEROS

A.Ozolsl’z, M.Reinfeldez, V.Kamparsl, V.Kokars'
'Rigas Tehniska Universitate
’Latvijas Universitates Cietvielu fizikas institiits

Mgs esam eksperimentali p&tijusi hromofora azogrupu (ar dazadiem akceptoriem Br, NO,
_H , CN) ietekmi uz azobenzola oligoméru holografiskajam un optiskajam ipasibam. Pétita
tika arT matricu (tolila, heksametiléna, dubultmatricu) ietekme. Holografisko rezgu ieraksts (ar
periodiem 0.5-9.0um) tika veikts ar He-Ne lazeru (632.8 nm) gaismas intensitaSu diapazona
no 0.2 lidz 76 W/cm® Konstatéts, ka ieraksta efektivitate palielinas, ja palielina hromofora
grupu koncentraciju. Vislabakie rezultati (maksimala difrakcijas efektivitate 7.9% un
minimala ieraksta energija 0.38 J/(cm® %)) ir sasniegti ar NO, grupam ka akceptoriem,
Bitiska ir ari HG kovalenta piesaiste matricai . Ja HG ir tikai dispergétas matrica bez
kovalentas piesaistes, tad ieraksta efektivitate krasi samazinas (2.2%¥10° % un 4500 J/(cm®
%)).ArT matrica jitami ietekme& ieraksta efektivitati.Vislabaka bija tolila matrica.
Dubultmatricas lietoSana, kad HG, kas piesaistitas pirmajai matricai, tiek kopa ar to kovalenti
piesaistitas otrai matricai, butiski paliclina jutibu, bet samazina holografiska rezga dzives
laiku no 20-30 stundam lidz pusstundai un mazak. Sajos paraugos ir novérots ari optiska
tranzistora efekts. Tajos arT daudz efektivaks neka paraugos ar vienu matricu ir vektorieraksts
(0.32% un 30J/(cm’ %) pret <<107%).

CHROMOPHORE GROUP VARIATION EFFECT ON THE HOLOGRAPHIC
RECORDING IN AZOBENZENE OLIGOMERS

A.Ozolsl’z, M.Reinfelde 2, V.Kamparsl, V.Kokars'
! RigaTechnical University
?Institute of Solid State Physics, University of Latvia

We have experimentally studied the effect of chromophore azogroups with different
acceptors Br, NO, . H, CN) on the holographic and opticl properties of azobenzene
oligomers.The influence of oligomer matrix is also studied. Holographic grating recording
(with periods 0.5-9.0um) and readout was made by He-Ne laser (632.8nm) with the light
intensities from 0.2 to 76 W/cm® .It is found that recording efficiency increases when the
ChG concentration is increased. The best results (maximum diffraction efficiency of 7.9%
and minimum specific recording energy of 0.38 J/(cm” %)) are obtained in the case of NO,
acceptor groups. The cruical role of the covalent bonding of ChG to matrix is found. The
holographic recording efficiency dramatically decreases (2.2%10™ % un 4500 J/(cm® %) if
ChG are only dispersed in the matrix without covalent bonding.The influence of the
oligomer matrix is also important. The tolyle matrix is found to be the best. If ChG together
with the first matrix are covalently incorporated in the second matrix (double matrix case)
then the photosensitivity increases but the holographic grating lifetime decreases decreases
from 20-30 hours to half an hour and less. An optical transistor effect is observed in these
samples.Vector grating recording is also much more efficient(0.32% un 30J/(cm” %)) than in
single matrix samples (<<107°%).



MAZU PERIODU HOLOGRAFISKO REZGU IERAKSTS
AMORFOS HALKOGENIDU PUSVADITA JOS

M.Reinfelde, J.Teteris
LU, Cietvielu Fizikas Institiits

Amorfo pusvaditaju plévit€s As-S-Se un As,S; , izmantojot prizmas ar lielu lauSanas
koeficientu (n~1.82), ierakstiti holografiskie rezgi ar maziem rezgu periodiem (Iidz 0.22pum).
Pé&tita gaismas polarizacijas ietekme uz $adu rezgu ierakstu un to Tpasibam. Aplikota sadu
rezgu ipasibu atkariba no plévisu biezuma (diapazona ~ Spum < d < 11.7um). Eksperimentali
iegiitie rezultati parada amrfo pusvaditaju pléviSu potencialas iesp€jas polarizacijas jutigu
difraktivo elementu veidoSana.

SUBWAVELENGTH-PERIOD GRATING
IN AMORPHOUS CHALCOGENIDE SEMICONDUCTORS

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

Using prisms of large refraction indexes (n~1.82) it is possible to create in amorphous As-S-
Se and As;S; films holographic gratings with subwavelength-periods (up to 0.22um). Light
polarisation influence on formation as well on properties of such gratings was studied. The
dependence of such gratings on film thickness (= Sum < d < 11.7um) was examined. The
investigated gratings show the polarising effects that demonstrate the promising application of
amorphous films as polarisation-selective diffractive elements.
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ASIMETRISKIE RELJEFA REZGI
As-S-Se PLANAS KARTINAS

I.Kuzmina, J.Teteris
Latvijas Universitates Cietvielu fizikas institiits

Rezgiem ar asimetrisko trisstira profilu piemit augsta spektrala selektivitate un Ipasiba
savakt visu difragéto gaismu viena maksimuma, tapéc tos plasi pielieto spektroskopiskas
iekartas. Ideala gadijjuma difrakcijas efektivitate tiek ierobezota tikai ar absorbcijas un
izkliedes zudumiem. Difrakcijas efektivitate ir maksimala noteiktam vilna garumam, ko
nosaka rezga profila slipuma lenkis.

Darba procesa $adi rezgi tika ierakstiti As-S-Se planas kartinas. Kartinu liela lauSanas
koeficienta d€] teorétiski rezgu maksimala difrakcijas efektivitate ir starojuma UV diapazona.
Darba tika pétita ieraksta, kimiskas apstrades un nolasiSanas nosacijumu (starojuma
polarizacijas un nolasisanas lenka) ietekme uz rezgu difrakcijas efektivitati.

ASYMMETRIC RELIEF GRATINGS IN As-S-Se THIN FILMS

I[.Kuzmina and J.Teteris
Institute of Solid State Physics, University of Latvia

The gratings with asymmetric triangular profile possess high spectral selectivity and
property to concentrate the diffracted light into a specific one order therefore those are
widespread used in spectroscopic devices. In ideal case the diffraction efficiecy is limited
only by light absorption and scattering losses. Diffraction efficiency is maximum for definite
wavelength defined by the blazing angle.

The gratings were recorded in amorphous As-S-Se films. The maximum diffraction
efficiency of the gratings due to high refractive index of the films theoretically is expected in
UV spectral range. The influence of recording, chemical treatment and reconstruction
(polarization of light and angle of readout) conditions on the diffraction efficiency was
investigated.
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TERMOOPTISKIE EKSPERIMENTI PLZT KERAMIKA UN NATRIJA-BISMUTA
TITANATA MONOKRISTALOS

A.Firsovs, E.Tamanis, G.Liberts
Daugavpils Universitates Fizikas katedra

Tika veikti termooptiskie (TO) eksperimenti ar lantanu dop@ta svina cirkonata —titanata
(PLZT) keramika un natrija-bismuta titanata (SBT) monokristalos. Sajos materialos tiek
noverota fazu koeksistence un nanoizméru segnetoelektriskie klasteri paraelektriska matrica.
Galvena uzmaniba tika pieversta termiskas l€cas eksperimentiem. M@ meérjjam TO signala
temperatiras atkaribu ar impulsa-zondes metodi ( ms ilguma impulss — IR 20W CW
YAG:Nd lazers / zonde — He-Ne 10 mW 633 nm lazers) plakanparal€los paraugos krasni
lidz 800 K temperatiirai. PLZT keramika tika novérota krasa TO koeficienta samazinaSanas
pie 630 K, kur izzid t.s. klasteru polarizacija PZT references segnetoelektriskajos apgabalos.
TO eksperimenti SBT monokristalos ([001]griezums) paradija anomalijas fazu
(romboedriska/tetragonala) koeksistences apgabalos un pie fazu pareju temperatiiram. Misu
TO merjjumi atklaja gaismas izkliedes samazinasanos izotropiska ( nulles dubultlausana)
punkta tuvuma ( 550 K). Abos materialos tika noverota izteikta TO signala histeréze.

THERMO-OPTICAL INVESTIGATIONS ON PLZT CERAMICS AND
SODIUM-BISMUTH SINGLE CRYSTALS

A.Firsovs, E.Tamanis, G.Liberts
Department of Physics, Daugavpils University

We report here our experimental investigation on thermooptical (TO) phenomena in
lanthanum doped lead-zirconate-titanate (PLZT) ceramics and sodium-bismuth titanate (SBT)
single crystals. These materials are related to media containing nanosize ferroelectric clusters
in the paraelectric surrounding matrix or exibit coexisting phases. Our research was focused
on the experiments of thermal lensing. We have studied temperature dependence of TO effect
with pulse and probe method (pulse — ms duration infrared CW 20 W YAG: Nd laser
radiation / probe - 633 nm 10 mW He-Ne laser) in PLZT ceramics up to high temperatures
(800 K). At first we have observed drastic decrease of TO coefficient near 630K, where so
called cluster polarization state vanishes due to phase transition in reference ferroelectric PZT
clusters. TO experiments in sodium-bismuth titanate single crystals ([001] cut) show
anomalies of TO behaviour near the phase transitions and in the region of coexisting phases
(rhombohedral and thetragonal). Our TO experiments show decrease of light scattering near
isotropic point (550 K) with zero birefringence. Strong thermal hysteresis of TO response has
been observed in both materials.
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VADOSU STRUKTURU TIESA LAZERRAKSTISANA (TLR)
UZ INDIJA ALVAS OKSIDA

E. Tamanis @, G. Liberts @, J. Kleperis ®.
(a)Daugavpils universitate, Fizikas katedra, Parddes 1, Daugavpils, LV 5400
®) Cietvielu Fizikas institiits, Kengaraga 8, Riga, LV-1063

Darba tiek pétita lazera izraisita indija alvas oksida (ITO) reducésana. Indija alvas oksids ir viens no
visplasak lietotajiem materialiem dazadas optoelektriskas iekartas, plakanos displejos un sensoros, jo Sis
materials apvieno labu elekrovadamibu ar augstu gaismas caurlaidibu redzamaja diapazona. Mg&s ieprieks
zinojam, ka dazadu keramisku materialu skabekla saturs var tikt lokali samazinats ar CW YAG: Nd lazera
starojumu Udenraza atmosfera. Identiska metode var tikt izmantota metalisku Iiniju iegtiSanai uz ITO virsmas.
Lazerapstradei ITO paraugi tika ievietoti reakcijas kamera, kura tika uzturéts nemainigs tidenraza spiediens
1500 mbar. TLR tika ierosinata ar uz parauga virsmu fokusétu CW YAG: Nd lazera staru (vilpa garums -
1064 nm ). Lazera stars tika parvietots perpendikulari parauga virsmai ar programmejamu X-y pozicionieri.
legttas vadosas linijas tika novertetas ar optisko mikroskopu, liniju pretestiba noteikta ar standarta cetru zondu
metodi.

Tiek demonstréta ITO metalizacija ar TLR (1. zZim.). Liniju pretestibas atkariba no lazera stara jaudas
un stara parvietoSanas atruma ir redzama 2.zZim. Liniju vaditspgja ir 2-3 kartas augstaka par neapstradatas ITO
pléves vaditspgju.

DIRECT LASER WRITING (DLW) OF CONDUCTIVE STRUCTURES
ON INDIUM TIN OXIDE

E. Tamanis @, G. Liberts @, J. Kleperis ®.
(a)Daugavpils universitate, Fizikas katedra, Parddes 1, Daugavpils, LV 5400
®) Cietvielu Fizikas institiits, Kengaraga 8, Riga, LV-1063

Investigations on the laser-induced reduction of indium tin oxide (ITO), are presented. Indium tin
oxide is one of the most widely-used transparent conducting oxides for optoelectronic devices, flat panel
displays and sensors, as it combines good electrical conductivity with high transparency in the visible range.
We have reported that oxygen content of advanced ceramic materials can be locally reduced by CW YAG:
Nd laser irradiation in hydrogen atmosphere. A similar method has been applied to produced metallized
stripes on to ITO surface. For laser processing the ITO samples were placed into a reaction chamber, which
has been operated with constant pressure of hydrogen 1500 mbar. Laser-induced reduction and alloying was
then achieved by focusing the 1064 nm wavelength CW YAG: Nd laser beam onto the sample surface. For
DLW the laser beam was translated perpendicularly to the reaction chamber with PC programmable x-y
stage. The conducting stripes were characterized by optical microscope, the resistance per length of stripe at
room temperature was measured by using a standard four-probe technique.

We have demonstrated laser-induced metallization of ITO (Fig. 1). The dependence of resistance of
stripes vs laser beam power and beam scanning velocity are shown in Fig. 2. The decrease of electrical

conductivity of laser — written stripes due to reduction in hydrogen ambient was estimated 2 — 3 orders higher
with respect to raw ITO film conductivity.
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Figure 1. Mettalized stripe on ITO. Figure 2. Resistance of mettalized stripes vs light power and beam
scanning velocity.
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KA IZMERIT ATTALUMU STARP KRASAM

S. Fomins un M.Ozolins
Latvijas Universitates Optometrijas un redzes zinatnes nodaja

Petot redzi, ka ari radot dazadu vizualo informaciju, ir nepiecieSams novertét ahromatisko
un krasu kontrastu. Tatad ir nepiecieSams salidzinat un kvantitativi novertét, par cik atskiras,
teiksim, melna krasa no pelékas vai dzeltenas, vai balta no zalas, un ta savukart no zilas. Sos
attalumus starp krasam var izteikt vairakas krasu telpas CIE xyz (kas balstita uz trihromatisko
krasu salik$anu, ir standarts un ir visu objektivo krasu meérijumu pamata), vai ari cilvéka krasu
redzes 1patnibam piemérotaja CIE L*a*b krasu telpa, kas balstas uz oponento krasu teoriju. Ir
izveidota iekarta — fotospektrometrs, kas realize atstarotas gaismas uztverSanu un tas spektra
noteikSanu, izmantojot datora iemontétu “Ocean Optics” Skiedru spektrometra moduli.
Stimula atstarota gaisma tiek savakta integréjoSaja sféra, novadita pa gaismas vadu lidz
datoram. Dators realizé datu apstradi, ta spektra noteikSanu, un, nemot vera acs krasu jutibas
funkciju, stimula krasu att€losana L *a*b krasu telpa.

Darba mérkis: nemot talka musdienu datora izdrukas tehnologijas, izveidot specialus
optotipus (dazada kontrasta krasainus Gabora rezgus un optotipus ar hromatiskiem un
achromatiskiem burtiem) krasu kontrasta
jutibas noteikSanai. Noteikt, ka mainas

stimulu paSibas atkariba no printera krasu N -1

pigmentu tipa un pamatnes, uz kuras stimuli tlimlmmg T
tick uznesti. Noteikt, ka mainas $adu stimulu T +a% sarkans
redzes uztvere pie dazada tipa apgaismojuma Q__ -

un dazada stimula spozuma veseliem -

cilvékiem un cilvékiem ar kataraktu, krasu Koordinates IR
redzes vai citam redzes patalogijam. L*a*b* sistema mazs L - tuvak
Papildus noteikt, ka mainas cilvéku redzes melnam
sp€jas, tiem nesajot dazadu krasu saules

brilles vai specialas brilles (aizsargbrilles, 1 3 ‘1-éll_siedra::oet|:ismas

specialas krasu filtru brilles).

} |! atstarojosais krasas
H slanis

sféras

/ ¢~ pamatne
MEASURING DISTANCE BETWEEN COLOURS % L
S. Fomins and M.Ozolinsh uzk'—tp PE
Department of Optometry and Vision Science, Y s".e "T’“‘ "
University of Latvia ~optotipa virsma

Different chromatic optotypes are used to assess human colour vision, to diagnose colour
vision deficiencies and colour contrast sensitivity. The main basic characteristics of chromatic
optotypes are used colour coordinates in 3-D colour spaces; either in standard CIE xyz colour
space or in L*a*b space fitted to the human vision colour receptor relative sensitivities. In the
latter the distance between points with stimuli colour coordinates determines the colour
contrast. We design optotypes for vision research experiments to assess human colour vision
and colour contrast sensitivity. Optotypes are printed using various printer types (ink, laser)
on different substrates. To measure colour coordinates new technique is developed using a
miniature integration sphere and a PC build-in “Ocean Optics” fiberoptic spectrometer.
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GAISMAS IZKLIEDE UN POLARIZACIJA REDZES EKSPERIMENTOS

M.Ozolins
Latvijas Universitates Cietvielu fizikas institiits

Gaismas izkliede ir viena no neiztrikkstos$am dabas paradibam. Tai ir izteiktas polarizacijas
ipasibas. Redzamaja gaismas diapazona tas vistiesak saistds ar krasu — gadijuma, ja par
gaismas detektoru tiek izmantota cilvéka acs. Referats skar gaismas izkliedes procesu no
sekojoSiem aspektiem: izkliede no objektiem, kas raksturigi cilvéku redzes uztveres
procesam; $adas izkliedes registréSana ar objektivam metodém; ka ari izkliedes iespaids uz
cilvéku redzes funkciju.

Referata tiek zinots par vadamu gaismas izkliedi lietojot aizsegus no PLZT elektrooptiskas
keramikas vai PDLC S$kidrajiem kristaliem. Tadgjadi iesp&jams simulét gaismas izkliedi
lidzigu cilveku acis attistosas kataraktas dél, ka arf ar&ju apstaklu dél (migla, lietus). Sis
izkliedes vilpa garuma un polarizacijas selektivitates dél ir iesp&jams analizét vizualo stimulu
(atskirigu péc krasas; pec stimulu krasu filtracijas, lietojot specialas brilles un aizsargbrilles)
cilveku redzes uztveri, ar mérki optimizet
vizualas informacijas izveidi normalos un
nelabveligos redzes apstaklos. Gaismas
depolarizacija savukart var tikt izmantota ka
acs kataraktas attistibas kriterijs.

B - zilas
informacijas
kansls

informacijas
kanals

LIGHT SCATTERING AND
POLARIZATION IN VISION SCIENCE
EXPERIMENTS

R - sarkanas
informacijas
kanals

Redzes asuma testa tabula fotograféta ar CCD

M.Ozolinsh kameru (f = 18 mm)
Institute of Solid Stc(l)teoPhyssics University of - testa kreisa pusg ar PDLC aizsegu objekiiva
’ prieksa (U=0V);
Latvia - testa laba pusé PDLC aizsega gaismas izkliede
minimizgta pieliekot spriegumu U =30 V;

We report on hght Scattering in Ob_] ects related Blakus paraditi atseviski att€la sarkana, zala un zila
to those involved in human visual chromatic ~ sastavdalas.

stimuli recognition. Ability to simulate
controllable and continuous light scattering in ferroelectric materials (electrooptic PLZT
ceramics, polymer dispersed liquid crystals PDLC) allows studies of light scattering
chromatic and polarization characteristics to evaluate vision facility in unfavourable
conditions (presence of eye cataract, vision in rainy and foggy weather). Results are valuable
for design of optimum indoor and outdoor colour visual information, as well for estimation of
development stage of cataract development.
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MAINIGU REDZES STIMULU IETEKME UZ SMADZENU AKTIVITATI

G.Ikaunieks
Latvijas Universitates Optometrijas un redzes zindtnes nodaja

Laika mainigs redzes stimuls rada izmainas smadzenu aktivitaté — veidojas 1slaicigas
elektriska potenciala izmainas noteiktos smadzenu apgabalos. Metode, ar kuru tiek noteiktas
potencialu izmainas, saucas redzes izsauktie potenciali (visual evoked potential — VEP).
Potencialu izmaipas S§in1 metodé tiek registrétas ar specialiem elektrodiem, kuri tiek
piestiprinati pie galvas noteiktas vietas. Signala registréSanu traucé neiralo un elektriski
inducéto troksnu summa, kura ir vairakas reizes lielaka par redzes stimula raditam potenciala
izmaindm. Izmantojot signala sinhrono detektéSanu, trokSpu Iimenis tiek samazinats un
pastiprinats signals, kurs rada redzes stimula izraisitas potencialu izmainas smadzengs.

leglito potencialu izmainu Iikni ietekmé vairaki redzes stimula parametri: stimula
lielums, kontrasts, apgaismojums, krasas, stimula veids, ta mainiSanas biezums u.c. Otrs
butisks faktors, kur§ ietekm& potencialu izmainu Iikni, ir subjekta redzes sist€émas
funkcionalais stavoklis. Referata tiek zinots, ka neiralo atbildi ietekmé redzes stimuli ar
atSkirigu telpisko struktiiru, kontrastu, krasu un ka atbildi izmaina krasu filtru izmantoSana.

VISUAL STIMULUS EVENTS AND BRAIN ACTIVITY

G.Ikaunieks
Department of Optometry and Vision Science, University of Latvia

Visual stimulus events change the activity of the brain. Visual evoked potential (VEP)
is a method, which is used to detect these changes. VEP is recorded, by placing electrodes on
the scalp. The recorded VEP is very small, thus biological and main noises distort the true
form of the recorded potential changes. Using signal averaging and amplification, the noise ir
reduced and the size of the VEP signal is enlarged.

Many visual stimulus parameters, such as size of the stimulus, contrast, luminance,
colour, events frequency and others parameters influence VEP. Pathologies of the visual
system influence VEP too. The report presents results, showing how some of the stimulus
parameters — spatial structure, contrast, colour — and use of colour filters influence VEP.
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SUPRESIJAS IPASIBAS ROBEZGADIJUMOS STARP BINOKULARO
KONKURENCI UN FUZIJU

J.Fridrihsons
Latvijas Universitates Fizikas un Matematikas fakultates
Optometrijas un Redzes zinatnes nodala.

Ja abu acu uztvertie atteli ir atSkirigi, tad sp&ja sajust izmainas vai ieraudzit objektu viena no
monokularajiem attéliem samazinas. Atkariba no monokularo att€lu atsSkiribu daudzuma
noveéro divus principiali atSkirigus uztveres fenomenus: stereoskopisko fliziju un binokularo
konkurenci. Stereoskopiskas flizijas gadijuma atSkiribas starp monokularajiem attéliem tiek
interpretétas ka objektu izvietojums telpa — dziluma, un tiek uztverta viena, laika stabila aina.
Binokularas konkurences gadijuma noveéro laika nestabilu ainu, kad periodiski uztveré nonak
tikai viens no monokularajiem attéliem. Eksperimenta pétitas supresijas dziluma izmainas
dazada vérsuma monokularajiem rezgiem. Rezgu vérsumu atSkiribas tika izvélétas ta, lai biitu
iesp&jams izraisit gan binokularo konkurenci, gan stereoskopisko fuziju.

Katra mérjjuma sakuma viena monokulara attéla kontrasts bija zems un pakapeniski pieauga
lidz subjekts zinoja par uztveres izmainam: binokularas konkurences gadijuma par citas
orientacijas liniju pamaniSanu, stereoskopiskas fiizijas gadijuma par liniju virziena izmainu un
Itniju noliekSanos telpa.

Eksperimenta rezultati uzrada supresijas dziluma picaugumu rezgu savstarp&jam veérsumam
samazinoties, netika noverota supresijas dziluma pazeminasanas rezgiem ar mazu disparitati,
kas bez griittbam tika sapludinati stereoskopiska attéla.

CHARACTERISTICS OF SUPPRESSION IN BORDERLINE CASES BETWEEN
BINOCULAR RIVALRY AND FUSION

J.Fridrihsons
Department of Optometry and Vision science at Faculty of Physics and Matemathics,
University of Latvia.

It is well known that increase of stimulus detection threshold is observed when two eyes
receive dissimilar visual stimulation. Depending upon amount of dissimilarity two principally
different perceptual phenomena arise: stereoscopic fusion and binocular rivalry. In
stereoscopic fusion dissimilarities of two images are translated in information about
arrangement of objects in depth and perception of single temporary stable scene results. In
binocular rivalry no single scene is observed, perception is temporary unstable mixture of
monocular image elements.

Experiment was carried out to determine depth of suppression in borderline region of
disparities where both binocular rivalry and fusion may be seen.

Visual stimuli were gratings of different orientations. By means of liquid crystal shutterglases
different monocular gratings were presented to observer. Contrast of one of gratings was low
at beginning of each measurement and gradually increased until alternation of perception or
formation of stereoscopic scene was reported.

Increase in detection threshold was observed as mutual direction a difference was decreased.
No decrease of detection threshold was observed for stimuli with small disparities, which
were easily fused, in stereoscopic percept.
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REALA UN PLAKANA TELPISKA OBJEKTA
PERSPEKTIVAS UZTVERE

G.Krﬁmil,la*, R. van Ee"”
Latvijas Universitate, Optometrijas un redzes zindtnes nodala
*k . o, - . ., - . — .
Utrehtas Universitate, Helmholca institits, Cilvéka fizikas nodala

Telpiska trisdimensionala un ziméta objekta uztveri veido vairaki nosacijumi: binokulara disparitate,
acu un objektu kustibas, acs akomodacija, lineara perspektiva, malu proporcionalais lielums u.c.
Merkis: Pétijuma merkis ir novertet subjekta spgju noteikt realam un plakanam objektam vienu no
telpiskuma uztveres nosacijumiem — objekta slipuma lenki jeb perspektivu.

Metode: Realie trisdimensiju objekti ir izveidoti ka trapecveida objekti pie noteiktiem slipumiem (0°,
+25° +50° un £70°) un noteiktam disparitatém (0, 25, 50 un 70). Objektu lenkiskie izméri visos
gadijumos ir vienadi. Realie objekti tiek ievietoti speciala gaismas kaste, kura ir noveérsta enu raSanas
no objekta, kas varétu palidzet noteikt objekta slipumu. Subjekta uzdevums ir noteikt katra objekta
slipumu. Sie pasi objekti tiek izveidoti ka plakani objekti uz datora ekrana, saglabajot to lenkiskos
izmerus un attalumus, kura tie tiek projicti gaismas kast€. Subjektam janosaka plakana objekta
telpiska perspektiva. Realam un plakanam objektam slipuma noveértésanu subjekts veic gan binokulari,
gan monokulari. Pettjuma piedalijas 10 subjekti.

Rezultati: Plakana objekta perspektivas uztvere binokularas un monokularas redzes gadijuma ir
lidziga. Savukart monokularas redzes gadijuma subjektu noteiktie perspektivas lenki realam objektam
ir tuvaki patiesajam slipumam salidzinot ar binokulari uztvertajiem. Monokulari skatoties, reala
objekta perspektivas uztvere ir tuvaka patiesam slipumam neka skatoties monokulari plakanu objektu.
Reala objekta slipuma uztvere ir atkariga no disparitates un perspektivas veidu kombinacijas.
Secinajums: Trisdimensionala un divdimensionala telpiska objekta slipuma jeb perspektivas uztvere
ir atkariga gan no binokularas, gan monokularas redzes, gan no savstarpgjas disparitates un
perspektivas veidu kombinacijas.

SLANT PERCEPTION OF REAL AND FLAT OBJECTS

G.Krumina*, R. van Ee"
University of Latvia, Department of Optometry and Vision science
sk
Utrecht University, Helmholtz Institute, Department Physics of Man

We have studied the depth perception of three-dimensional and pictorial objects created in human
visual system in different conditions: binocular disparity, objects and eye movements, eye
accommodation, linear perspective, size proportions a.o.

Purpose: The goal of this investigation was to estimate subject’s ability to detect the perspective or
slant of real three-dimensional and of flat pictorial objects.

Method: Real three-dimensional objects were created as trapezoidal objects with a different slant (0°,
+25°, £50° and +70°) with different disparities (0, 25, 50 and 70). All these different objects had the
equal angular size. Objects were moved in a special light-box, where the formation of shadow (helping
to detect the slant of real objects) is prevented. The task of subjects was to determine the slant angle of
real objects. Similar objects were created on a computer screen as photographs with the same angular
size and at the same distance as in the light-box. Subject should define the perspective angle of the flat
object seen on the screen. Subjects determined slant perception binocularly and monoculary. Ten
subjects took the part in investigation.

Results: The slant perception of flat objects was approximately the same in monocular vision as in
binocular vision. For monocular vision visually determined perspective angles of real objects were
closer to the true slant as on the same condition detected binocularly. The monocular slant perception
of real objects is closer to the actual slant comparing with the slant of the same object simulated on the
flat screen. The real object slant perception depended on disparity and perspective combinations.
Conclusion: The slant perception of three-dimensional and pictorial objects depends on monocular
or/and binocular vision, and disparity and perspective combination.
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IESPEJAMA TUVREDZIBAS SAISTIBA AR PROTEASOMU GENU

R.Paeglis', N.Sj akste?, A.Balgalve'
! Latvijas Universitdtes Optometrijas un redzes zindtnes nodaja
? Latvijas Universitates Medicinas fakultate

Miopija jeb tuvredziba ir izplatitakais redzes traucgjums. Sobrid atklata ir diskusija par vides
un iedzimtibas faktoru mijiedarbibu tuvredzibas etiologija un patogenézé. Normalas redzes attistibu
nodro$ina genétiski determinéta sp&ja veidot adekvatu biokimisko atbildi uz acs tiklenes kairinajumu
ar gaismu. Ar tuvredzibu saistiti géni ir identificeti uz 7, 12, 17 un 18 hromosomas [1, 2], tatu nav
noskaidroti precizi génu defekti, un nav zinams to specifiskums dazadam populacijam.

ST pétijuma mérkis ir noskaidrot iesp&jamo miopijas attistibas saistibu ar proteasomu proteina
PSMA 6 géna polimorfismu. Proteasomas nodroSina defektivu, sveSu vai novecojusu proteinu
prezentacija un imiina atbildé pret infekciju izraisitajiem [3]. P&c miisu domam, proteasomu darbiba
varétu ietekmét arm redzes aparata attistibu. Nesen aprakstita audu saderibas lokusa polimorfisma
saistiba ar miopiju sniedz papildu argumentus miisu hipotézei [4].

Planojama pétijuma paredzéts ekstragét DNS no 30 brivpratigo asins paraugiem, kuriem ir
diagnosticéta miopija, kontroles grupu veidosim no slimniekiem ar talredzibu. Viena nukleotida
aizvietojumus PSMA 6 géna promotera noteiksim ar al€lspecifiskas PCR pap&mienu.

POSSIBLE LINKAGE OF MYOPIA WITH THE PROTEASOME GENE

R.Paeglis', N.Sj akste?, A.Balgalve'
! Department of Optometry and Vision Science, University of Latvia
? Faculty of Medicine, University of Latvia

Myopia or nearsightedness is the most widespread visual disorder. The interactions of
environmental and genetic factors in becoming a myope are currently the field of major concern.
Genetically determined biochemical reactions to visual stimuli on the retina ensure development of
normal vision. Genes involved in myopia have been mapped to chromosomes 7, 12, 17 and 18 [1, 2].
However, related genetic defects and their population-specificity have not been described to date.

Elucidating the relation of myopia to the proteasome gene PSMA 6 is the aim of this research.
The role of the proteasome is in proteolysis of defective, foreign or short-lived proteins, thereby
influencing the cell cycle, differentiation, long-term memory, DNA repair, antigene presentation and
removal of infectios agents [3]. We hypothesize that regulatory functions of the proteasome make it
essential to the proper development of the visual apparatus. Additional support to our hypothesis is
lent by the discovery of the linkage of the HLA polymorphism and myopia [4].

DNA samples from volunteering myopes are to be processed. The control group is to be
composed of volunteering individuals with a diagnosed hyperopia. Single nucleotide substitutions in
the promoter of the PSMA 6 gene will be determined with the aid of the allele-specific PCR method.

[1] Terri L. Young et al. A Second Locus for Familial High Myopia Maps to Chromosome 12. Am. J.
Hum. Genet., Vol. 63, 1998. — pp. 1419-1424.

[2] Prasuna Paluru et al. New Locus for Autosomal Dominant High Myopia Maps to the Long Arm of
Chromosome 17. Investigative Ophthalmology and Visual Science, Vol. 44, 2003. pp. 1830-1836.

[3] M. H. Glickman. Getting in and out of the proteasome. Cell & Developmental Biology, Vol. 11,
2000. — pp. 149-158.

[4] Li S et al. Study on the association of pathologic myopia with HLA-DQB1 gene. Zhonghua Yan Ke
Za Zhi, Vol. 37(4), Jul.2001. — pp. 263-266.
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FIKSACIJAS DISPARITATES IZMANTOSANA VERGENCES ADAPTACIJAS
PROCESA NOVERTESANA

A.Svede, J.Dzenis, W.Jaschinski
Latvijas Universitates Optometrijas un redzes zindtnes nodaja
Institut fiir Arbeitsphysiologie an der Universitdt Dortmund, Individuelle Sehleistungen,
Dortmunde

Lielaka dala pétijumu apliko vergences statiskos procesus, lai armT miisu ikdienas darbiba
vairak saistas ar vergences dinamiskam izmaipam. Ir nemitigi jamaina skata virziens un
fiksacijas attalums no tuvakiem priek§metiem uz talakiem un otradi. Sis vergences sistémas
dinamiskas izmainas raksturo vergences adaptacija. Jo labaka vergences adaptacija, jo mazak
tiek izjusts redzes sist€émas diskomforts tuvuma darba laika.

Lidz $im izmantotajos vergences adaptacijas testos tika izmantotas forijas izmainas, kas lauj
noteikt nelielu mérfjjumu skaitu laika vieniba. Fiksacijas disparitates piclictoSana vergences
izmainu dinamiska procesa noteikSanai lauj iegiit lielaku mérijumu skaitu laika vieniba, ka ari
atvieglo pasu merisanas procesu.

ASSESMENT OF VERGENCE ADAPTATION PROCESS USING FIXATION
DISPARITY

A.Svede, J.Dzenis, W.Jaschinski
Department of Optometry and Vision Science, University of Latvia
Institut fiir Arbeitsphysiologie an der Universitdt Dortmund, Individuelle Sehleistungen,
Dortmund

Most of researches analyse static processes of the vergence system, although our daily
activities are mostly related to dynamic changes of the vergence system. We have to change
our sight and gaze from distant to nearer objects and vice versa. The dynamics of vergence
system is characterized by vergence adaptation. Subjects with good vergence adaptation
rarely have the near work produced visual discomfort.

Previous researches use phoria measurement’s changes to describe vergence adaptation
processes. This method has a small sampling rate. Fixation disparity measurements can give a
larger sampling rate for vergence adaptation dynamic assessment.
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KODOLREAKCIJAS UN
“EURATOMA” PROGRAMMAS
PROJEKTI
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KODOLFIZIKAS SPECIALISTU SAGATAVOSANA
LU SESDESMITAJOS GADOS

U.Ulmanis
Latvijas Universitates Cietvielu Fizikas institiits

Piecdesmitos gados visa pasaul un arT Latvija sakas strauja atomu kodolu fizikas attistiba.
Ar jédzienu kodolfizika darba saprotam atomkodolu teoriju, elementaras dalinas, joniz&josa
starojuma Tpasibas un ta izmantoSanu un radioaktivo izotopu izmantoSanu ka “ iezZimétos” atomus.

Tai laika Latvija jau stradaja 2 teorétiki — kodolfiziki fizikas un matematikas zinatgu
kandidati Pjotrs Kupins un IgoSua Taksars, abi beigu$i aspirantiru Maskava, PSRS Zinatgu
Akademijas Lebedeva v.n. Fizikas institiita (PS ZA FI) pie pasaulé pazistama fizika-teorctika
Igora Tamma un nosiititi uz Latviju. 1949 gada beigas P.Kunins saka stradat par LVU Fizikas un
matematikas fakultates teor&tiskas fizikas ( TF) katedras vaditaju. . Taksars sakuma stradaja LZA
Elektrotehnikas un masinbiives instittta, bet no 1951. g. FI. V&l 1951.g. LPSR Zinatgpu Akadémijas
(LZA) Fizikas institata ( FI ), kur stradaja 42 darbinieki no tiem 28 zinatniskie, bet tikai 5 ar
zinatniskiem gradiem , darba plana nav kodolfizikas ( KF ) problémas .

KF attistiba visai ieintereséts bija LZA Prezidents Janis Peive, kur§ grib&ja attistit “
iezZim&to” atomu izmantoSanu biologija, lauksaimnieciba, riipnieciba u.c., FI vajadz&ja samazinat
zinatnisko problému skaitu, izv€loties svarigakas problémas.

1952.g. sakti pirmie eksperimenti radioaktiva starojuma mériSana, FI bija pieskirtas
vairakas iekartas ka “ B-iekarta” u.c., kas bija slepenas un Sifrétas. Jau vargja pasiitit no Maskavas
radioaktivos izotopus, pieméram radioaktivo fosfora izotopu *P un kobalta izotopu “°Co un
Geigera — Millera skaititajus.

PieverSanas KF kluva neatgriezeniska péc 28.10.52 PSRS Ministru Padomes (PS MP)
lémuma, kura bija arT punkts “ LPSR ZA FI darbi kodolfizikas teorija un radioaktivo izotopu
izmantoSana”, uzskaitot FI t€mas un planu uz 1953.g. / 1 /. Lémuma faktiski atkartoti FI
priekslikumi par atomkodolu fizikas attistibu Latvija.

1952. g. beigas LZA Prezidijs noklausijas FI atskaiti par PS MP 1émuma izpildi, atzimgjot,
ka plans visuma izpildits, noradits ka KF darbi japaplasSina, jalidz LPSR MP palidz&t iegadaties
Ra - Be neitronu avotu, FI jaiekarto laboratorijas telpas darbam ar RV L.Altonovas iela 13.

Iespgjams, ka $adu telpu nepiecieSamiba bija c€lonis €kas pieskirSanai L.Altonovas i.13,
Pirmie KF bija Ludvigs Pelekis un Péteris Prokofjevs, kur§ 1950.g. beidza LVU fiz.-mat. fak. ka
fizikis - optikis (diplomdarba téma: ApgaismoSanas apstaklu analize tekstilfabrika Rigas
Manufaktiira, vad. doc. L.Jansons). 1951.g. ruden1 vin§ iestajas aspirantlira un ar 1952.g. vina
vaditajs bija kodolfizikas specialists ArSavirs Karamjans no Leningradas D.Mendelejeva v.n.
Vissavienibas Metrologijas ZPI kurs$ vairakus gadus vadija FI KF pétijumus.

1953 g KF darbi bija apvienoti Atomfizikas laboratorija (vaditajs Vladimirs JanuSkovskis,
beidzis 1946.g. Maskavas Energétisko instittitu). 1952 .g. vina intereses saistija radioaktivo izotopu
izmantoSana razosanas procesu kontrol€ un automatizacija.

1952.g. PS MP lémuma bija uzskaititas art LZA FI uz 1953.g. planotas KF témas:

Izstradat efektivu gamma-starojuma registracijas metodi. Projektét, uzbtivét un parbaudit gamma-
defektoskopu ar kristalisko skaititaju laboratorijas paraugu. (V.Januskovskis, L.Pelékis,
A.Tumulkans, H.Gunne );
Izstradat maksligo radioaktivo elementu bagatinasanas metodi;
( A.Karamjans, V.Griva, L.Bambe, U.Ulmanis)
Noteikt radioaktivo izotopu maisijuma sastavu ar diferencialas jonizacijas kameras metodi
( A.Karamjans, V.Breslava);
Kodolu mijiedarbibas pétijumi ( I.Taksars, P.Kunins);

Ar 1954.g 1.1. nodibinaja izotopu laboratoriju fiz.-mat. zin. kand., docenta Jazepa
Cudara vadiba, kur§ 1953 g rudeni atgriezas FI no LVU. V.Januskovska vadito Atomfizikas
laboratoriju pardévéja par radioaktivo automatizacijas metozu laboratoriju. Ta strauji attistijas
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ar lozungu “ Atomu — mieram”. Tika izstradati dazadi priekSmetu skaititaji, [imenrazi, dazadu
procesu regulatori u.c., organizetas izstades, piedaliSanas Vispasaules izstade Briselg.

Ar izotopu laboratoriju saistita gamma- defektoskopijas ievieSana republikas riipnicas
(piem. Kugu remonta riipnica), ko veica galvenokart L.Pelekis un radioaktivo indikatoru
metodes izmantoSana biologija un tehnika t.i. “ ieziméto” atomu izmanto$ana daudzos ZA un
citos institlitos un uzp€mumos.

Sie pamatvirzieni turpinati un paplasinati arf 1956 — 58 gg. Strauji picauga iestazu
skaits, kur izmantoja razoSanas procesu reguléSanu un automatizaciju ar radioaktivo izotopu
iericém.

1958.g. V.Januskovskis, H.Gunne, [.Taksars un A.Tumulkans sanéma LPSR Valsts
prémiju.

Izotopu laboratorija attistjjas eksperimentala KF, izmantojot radioaktivos izotopus.
Uzbuveti vairaki scintilaciju spektrometri un sakriSanas shémas. Veikti pirmie eksperimenti
kodolu spektroskopija : izmériti daudzu radioaktivo izotopu gamma- spektri, to ierosinato
limenu dzives laiki un pussabruksanas periodi
( L.Pelekis, V.Breslava, L.Bambe-Graudina), beta starojuma absorbcijas likumibas
( J.Cudars, I.Taure), gamma — starojuma izkliede dazados materialos atkariba no to biezuma
un starojuma energijas ( U.Ulmanis, N.Dubinska).

Organizéta LZA darbinieku un riipnicu inZenieru apmacibu darbam ar izotopiem un specialu
laboratoriju iekartoSana daudzas iestades.

1956.g. P. Prokofjevs pabeidza disertaciju par magnétiska beta spektrometra
Apelsins “ radiSanu un 1957. g. kluva par pirmo zinatnpu kandidatu eksperimentala KF.
(kodolspektroskopija).

KF attistiba nakoSais etaps saistits ar atomreaktora (AR) celtniecibu. 1958.g. janvari
LZA ierosindja, ka jacel AR, “ karsta” laboratorija 6000 m* ap 10 mlj. rbl. vértiba un jacel
dzivojamo &ku komplekss /2/. 1958.g. 26.aprili bija PSRS MP rikojums par AR celtniecibu
Latvija /3/ un Latvijas MP 1émums 4.6.58 jau konkretiz€ja uzdevumus LZA , ministrijam un
arT LVU “ p.6 — P.Stuckas v.n. LVU 1958/59 un 1959/60 macibu gados veikt vecako kursu
studentu apmaciSanu , lai komplekteétu reaktora, * karstas” laboratorijas un radioaktivo
automatizacijas metozu laboratorijas Status /4/.

Ar 1.7. 58 LZA Prezidijs par FI reaktora lab. vaditaju iecel t.z.k. P.Prokofjevu, uzdodot
vinam organizg&t reaktora celtniecibu.

Jau driz pec [émuma par AR celtniecibu FI direktora vietnieks Viktors Veldre kopa ar

LVU TF katedras vad. doc. P.Kuninu organizé no 3.,4. un 5. kursa studentiem pirmas
kodolfiziku grupas.
ZPI. KF apmaciba sakumposma seviski aktivi piedalijas TF katedras darbinieki (P.Kunins) un
FI KF specialisti (L.Pelekis, P.Prokofjevs, J.Cudars , U.Ulmanis, I.Taaksars, A.Tumulkans,
[.Taure,), lasot lekcijas un organiz&jot speclaboratoriju un praktiskos darbus, vadot
diplomdarbus). Vélak ari V.Breslava, O.Véveris, V.Belogurovs, L.Graudina, G.Rezvaja un
B.Rolovs.

Lidz 1962. g. praktiskiem darbiem LVU izmantoja FI telpas L.Altonovas i. 13, kur
pagrabstava bija iekartota droSibas tehnikas prasibam atbilstoSas telpas darbam ar
radioaktivam vielam. 1962.g. LVU izdalija telpas Lenina 32, lai iekartotu laboratoriju darbam
ar radioaktivam vielam (to atklaja 1964.g. 10.februari). Tur izvietoja macibu telpas
studentiem un arT FI neitronu aktivacijas analizu laboratorijai ( vad. L.Pelekis). Pasniedzgji
bija galvenokart FI darbinieki. Vélak NAA lab. parcéla uz Salaspili kur FI 3.5.67 atklaja jau
augstakam prasibam atbilstosu radiokimijas laboratoriju. Tas un arT ieprieks€jo laboratoriju
iekartosana galvenie nopelni bija FI radiokimijas specialistam Olgertam Véverim. LVU
Fiz.un mat. fak. RKL 1968.g. palika stradat FI kodolfizike L.Graudina.

Kodolfiziku apmaciba lielu palidzibu sniedza PS vadoSie KF centri : Dubnas AKPI,
LVU, LFTI, Radija instituts, [.LKur¢atova v.n. AEIl, MVU u.c. Pieméram Vera Breslava
disertaciju izstradaja LLFTI , Liksma Graudina — Leningrada Radija institiita pie prof.
Konstantina Petrzaka (viens no urana spontanas daliSanas atklaj&jiem). Larisa Kalmikova —
Protasova Leningradas universitate.

(13
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Divas studentu grupas 1963 un 1964g.izlaidumi macijas 5 ar 1/2 gadus un 9 meénesus
pavadija Dubna, Apvienota Kodolpétijumu Institiita kur MVU filialé viniem lekcijas lasija ak.
B.Pontekorvo, V.Mes&erjakovs , N.Bogolubovs u.c./5/. Vairaki ( J.Lukstins, L.Sijanova) péc
diploma sanemsanas palika tur stradat.

Péc P.Kunina aizbraukSanas uz Maskavu 1964.g.rudeni . kodolfiziki tika gatavoti péc
individualiem planiem. Pieprasijums péc kodolfizikiem jau bija stipri samazinajies. Jaunie
kodolfiziki stradaja galvenokart LZA FI un citos institiitos, kas izmantoja radioaktivas vielas
un Rigas radioizotopu aparatbiives ZPI.

Jaunie kodolfiziki atri iesaistljas studentu apmaciba.( J.Tambergs, I.Abrams,
M.Balodis, J.Bérzins, D.Kalnip§ u.c.) Pie P.Prokofjeva 1970. g. disertaciju kodolfizika
izstradaja LVU pasniedzgja Galina Rezvaja, kura ar1 piedalijas jauno kodolfiziku apmaciba..

Lidz 1970. g. sagatavoti apm. 70 kodolfiziki, pie kam trs gadus bija KF grupas kuriem
diploma bija ieraksts fizikis ( kodolfizikis). Vairaki fiziki — teorétiki ir ar kodolfizikas
novirzienu ( piem. [.B&rsons, V.Novikovs u.c.). Pirmo KF izlaidumu nosiitija darba uz FI —
reaktora lab, J.Bérzins, M.Balodis, A.Liepins, izotopu lab. VSteinbergs, reaktora tehniska
grupa D.Kalnig$ un J.Alksnis. J.B&rzins, M.Balodis un J.Alksnis vél joprojam strada reaktora
telpas. Ka kodolfiziki savu darbibu sakusi plasi pazistami fiziki, kuri laika gaita pieversusies
citam zinatpu nozarém : piem. profesori Elmars Blums, Arturs Balklavs-Grinhofs, Imants
Bérsons, Gunars Sermons , Eduards Alukers u.c. ( tai skaita Janis Kristapsons un Janis
Vaivads).

Pedgjos desmit — divdesmit gados LU ar kodolfiziku apmacibu nodarbojas galvenokart
Juris Tambergs.

Literatiira

1. Ulmanis U. Kodolfizikas attistiba Latvija I. LU rakstu krajums “Zinatnu v€sture un
muzejnieciba. 2003, . ...Ipp.
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AN AW

1.Pielikums
Pirmie kodolfiziki — LU Fizikas un matematikas fakultates 1959.g. absolventi, vinu
diplomdarbu té€mas un vaditaji /5/.

1. Janis Alksnis ~ Gamma — starojuma izkliede svina.  vad. U.Ulmanis
2. Eduards Alukers Radioaktiva starojuma Tslaiciga ietekme uz gazu izlades

skaititajiem. vad. A.Tumulkans

3. Martin$ Balodis Beta spektrografa magnétiska lauka intensitates mériSana
ar atbilstosu korekciju vad. P.Prokofjevs

4. Janis Bérzins Saliktu spektru pétiSana ar scintilaciju spektrometra
palidzibu. vad. J.Cudars

5. Elmars Blims Scintilaciju spektrometra izmantosana radioaktivo izotopu
gamma-staarojuma pétiSanai. vad. L.Pelékis,

6. Dzintars Kalnin§ Neitronu kiila izmantoSana bora kvantitativai analizei
£azu mais;jumos vad. [.Taure

5. Audzis Liepin§ Magnétiska gamma- spektrometra uzlaaaboSana, pielietojot
beta-gamma sakriSanas shému.
(diplomu sanémis 1960.g. maija) vad. P.Prokofjevs
6. Gunars Sermons Regul&jamas termokodolu reakcijas. vad. B.Rolovs
7. Valdis Steinbergs Gazu izlades skaititaju temperatiiras
raksturlielumi. vad. A. Tumulkans
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2. Pielikums

Kodolfizikas apmacibas programma 1964.g. (1964.g. absolventa Mara Beitina atzimju
gramatinas izraksti/ 6/.)

priekSmets stundu skaits pasniedzgjs
1961/62 mac. g. Atomfizika 54+ 36 A. Jurgis
. Kodolfizika 64 B.Rolovs
Kvantu mehanika 48 +75 [.Taksars
1962 /63 mac. g Eksperimentala kodolfizika 75 L.Pelekis
KF speclaboratorija 225 L.Pelekis
Radiokimija 48 O.Veéveris
Elementaras dalinas 75 P.Kunins
Vielas un starojuma mijiedarbiba 50 U.Ulmanis
Kursa darbs P.Prokofjevs
1963/64 mac. g. Kodolspektroskopija 44 V Breslava
Kodolteorija 36 + 38 [.Taksars
KF speclaboratorija 108 L.Graudina
Radiacijas drosibas tehnika 28 B.Varsava ( no Rigas SES)
Speclaboratorija 70 J.Linde
1964/65 mac. g. Kodolreakcijas 39 L.Pelekis
Cietvielu teorija 52 B.Rolovs
RazoSanas prakse FI 13.5-31.12. 64 L.Pelekis
Diplomdarba aizstavéSana 1.12.64 P.Prokofjevs

“ Teksgjas konversijas elektronu spektru pétiSana deformétos kodolos pie siltuma neitronu
sakerSanas”.

LU Fizikas-matematikas fakultates sakatavoto kodolfiziku saraksts 1960 — 1970
( TF — fiziki-teoretiki kodolfizika)

1960 1961 1962
1. A.Bahmate K.Baltmugurs I.Abrams
2. A.Dinduns V.Bondarenko I.Breikss
3. D.Gubatova L.Kalmikova A.Cernonoks-Cernenko
4. J.Kaslinskis J.Kudeiko J.Kristapsons
5. J.Litvinskis B.Kuvaldins J.Linde
6. A.Risenko R.Kemers Z.Voicehovics
7. U.Saulite M.Ludriks
8. G.Spulgis E.Lure
9. L.Tokare E.Raitmans
10. P.Tomsons G.Rezvaja
11. I.Bersons TF N.Stegalkina
S.Portnova TF
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1963

V.Grigalis
J.Jurka
A.Lapenas
J.Lukstin$
B.Olsvangers
L.Simonova
N.Smirnova
L.Sianova
9. B.Zapols TF
10 J.Valdmanis TF
11.

i I e

1966

1. U.Fainers TF

Nk WD

1964

M.Beitins
S.Bezmens
R.Kaledarjovs
A.Lula
N.Mironova
L.Rode
P.Senkovs
V.Telatnikovs
S.Zatoloka
V.Novikovs TF
J.Stetjuha  TF

1967

A.Bogdanovs TF
H.Bondars TF
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1965

G.Berdicevska
A Eglitis
D.Riekstina
O.Stolarovs

J. Tambergs
B.Vancans
V.Zalinkévica
O.Dumbrajs TF

1968

M.Birze
J.Pavlovs
G.Svikulis
J.Vaivads
O.Kanavins F
A.Krimina F



NEITRONA IPASIBU PETIJUMI AR KVARKU POTENCIALA MODELI

A.Aleksejevsl, S.Barkanovaz, T.Krasta3, J.Tambergs3
! Astronomijas un fizikas nodala, Sv.Marijas Universitate, Halifuksa, Kanada
? Fizikas nodala, Akadijas Universitate, Volfvilla, Kanada
7 Latvijas Universitates Cietvielu fizikas institita Radidacijas fizikas laboratorija

Tris kvarku (3q) sistémas Srédingera vienadojums tika atrisinats ar hipersférisko harmoniku
metodi, ieveérojot barionu sistematikas SU(6)xO(3) multipletu struktiru [1]. Izmantotas
nerelativiska kvarku modela versijas qq-mijiedarbibas potencialu raksturo harmoniskais r*-
atkarigais kvarku giista loceklis, viena gluona apmainas Kulona potenciala tipa loceklis un
kontakta spina-spina mijiedarbibas loceklis, kuru péma véra ka perturbaciju. Lietojot
aprékinatas 3q sist€émas vilpu funkcijas, tika iegiitas sekojoSas neitrona elektromagnétisko
parametru vertibas: neitrona vid€jais kvadratiskais ladina radiuss <*> = -0.105 [fm?],
neitrona-elektrona izkliedes garums by= -1.21-107 [fm], neitrona elektriskd polariz&jamiba
0,=1.42-107 [fm’] un neitrona magnétiska polarizéjamiba B,=0.235-10" [fm’]. legitas
vertibas tika salidzinatas ar eksperimentalajiem datiem un citu aprékinu rezultatiem.

STUDY OF NEUTRON PROPERTIES IN QUARK POTENTIAL MODEL

A.Aleksejevsl, S.Barkanovaz, T.Krasta3, J.Tambergs3
! Department of Astronomy and Physics, Saint Mary’s University, Halifax, Canada
? Department of Physics, Acadia University, Wolfville, Kandda
? Radiation Physics Laboratory, Institute of Solid State Physics, University of Latvia

Schrodinger equiation for the system of three quarks (3q) was solved using method of
hyperspherical harmonics, taking into account the SU(6)xO(3) multiplet structure of baryon
systematics [1]. The qg-interaction potential of employed non-relativistic quark model version
is characterized by the harmonic r-dependent confinement term, the Coulomb potential like
one-gluon exchange term and the contact spin-spin interaction term, treated as perturbation.
The calculated 3q system wave functions were used for the evaluation of neutron
electromagnetic characteristics, which were obtained as follows: neutron mean squared charge
radius <r’,> = -0.105 [fm?], neutron-electron scattering length bpe= -1.21-107 [fm], neutron
electric polarizability «,=1.42-10" [fm’] and neutron magnetic polarizability B,=0.235-107
[fm’]. The evaluated values have been compared with experimental data as well as with the
results of other calculations.

[1] A.Aleksejevs et al. In: Proceedings of Int. Europhys. Conf. on High Energy Physics

(Jerusalem, 1997). Eds. D.Lellouch, G.Mikenberg, E.Rabinovici (Springer, Berlin,
Heidelberg, 1999), p.381-383.

28



KVARKU-GLUONA VIRSOTNES FUNKCIJA KHD DAISONA-SVINGERA
VIENADOJUMOS

A. Dzalbs
Latvijas Universitates Cietvielu fizikas institita Radiacijas fizikas laboratorija

Daisona-Svingera vienadojums kvarka propagatoram ietver sevi 1) gluonu
propagatoru; 2) neapgérbto un apgérbto kvarku-gluona virsotnes funkciju. Mingétas funkcijas
kvarka propagatora vienadojuma sastadiSanai nosakamas modeliski pamatojoties uz 1)
vienadojuma atrisindgjuma multiplikativo renormé&jamibu, 2) atrisinajuma sakritibu ar
perturbaciju teorijas rezultatu augsto energiju (ultravioletaja) apgabala. Tadel esam
izvel€jusies vairakas modelizteiksmes pilnajai virsotnes funkcijai un lietojusi tas kvarku
Daisona-Svingera vienadojuma sastadidanai. Vienadojuma pusanalitiskiec un skaitliskie
atrisinagjumi dod iesp€ju noteikt hadronu fenomenologija lietotas apgerbtas kvarku masas un
kvarku kiralas simetrijas dinamisko parkapSanu, bet iegiita virsotnes funkcija ir lietojama
KHD skrejosas saites konstantes (o) un meroga parametra (Agyp) noteikSanai, ka ari
neperturbativu renorméSanas shému izstradasanai. Aplukojam ar1 iespgjas teor&tiskos
rezultatus salidzinat ar datiem, kas iegtistami eksperimenta.

Kvarka propagators ir nepiecieSams ar1 Bétes-Salpétera vienadojuma sastadiSanai, lai
noteiktu divu un vairaku kvarku saistito stavoklu spektru un formfaktorus, Sie lielumi ir
nepastarpinati salidzinami ar eksperimentu.

QUARK-GLUON VERTEX FUNCTION OF DYSON-SCHWINGER
EQUATIONS IN QCD

A. Dzalbs
Radiation Physics Laboratory, Institute of Solid State Physics, University of Latvia

Dyson-Schwinger (gap) equation (DSE) for dressed quark propagator consists of 1)
dressed gluon propagator; 2) bare and dressed quark-gluon vertex functions. They should be
determined from the following requirements: 1) multiplicative renormalizability of solution
should be preserved; 2) the UV behaviour of solution should be in agreement with the results
of perturbative QCD. Therefore we have made several ansatze for dressed vertex and used
them for the construction of quark Dyson-Schwinger equation. The semianalytic and
numerical solutions of DSE give us the possibility to evaluate the constituent quark masses
used in hadron phenomenology and the dynamical chiral symmetry breaking (DySB). Out of
this the obtained vertex function are used for determination of QCD running coupling () and
scale parameter (Apcp) as well as for derivation of non-perturbative renormalisation schemes.
The possibilities to make the comparison of the theoretical results with the experimental data
are reviewed.

The quark propagator is necessary for drawing up the Bethe-Salpeter equation which
is used for determination of spectra and formfactors of two and more quark bound states.
These quantities can be compared directly with experimental data.
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KODOLU DEFORMACIJAS MAINA
MASU SKAITLU 150 UN 190 APKARTNE

M. Balodis
Latvijas Universitates Cietvielu fizikas institiits

Apspriezam efektus dazadu kodolu Iimenu shémas divos visai plasos nuklidu tabulas
apgabalos, veicot salidzinajumus, kuri rada kodolu deformacijas mainu. Liekam prieksa
nesenus jaunus rezultatus, ko misu kol&gi ir ieguvusi '>>Sm kodola struktiirai un attiecigajiem
kaiminkodoliem. Izklastam ari misu "**Ir pétijuma rezultatus, kuros ir iegiits biitisks progress
2003. gada. S1kodola labaku izpratni ceram iegiit, veicot teorétiski modeliskus pétijumus.

A CHANGE OF NUCLEAR DEFORMATION
IN THE MASS NUMBER REGIONS NEAR 150 AND 190

M. Balodis
Insttitute of Solid State Physics, University of Latvia

The effects due to a change of nuclear deformation in two rather broad regions of nuclear
chart are reviewed basing on the comparison of nuclear level schemes for a number of nuclei.
We present recent new results of our colleagues on the nuclear structure of **Sm and its
neighbourhood. Also we outline the results of our '**Ir study which has an essential progress
doring 2003. Better understanding of this nucleus can be achieved using model theoretical
studies.
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K-IZOMERU PETIJUMI VOLFRAMA 1ZOTOPOS

| Tomandll, J .Honzatkol, V.Bondarenkoz, J .Bérzil,lé2
1. Nuclear Physics Institute, 250 68 Rez, CZ
2. LU Cietvielu fizikas institits, LV-1063 Riga, LV

Zinasanam par absoltitam paeju varbiitibam ir liela nozime ne tikai p&tot kodolu strukttiru, bet
ar1 daudzos pielietojumos. Noteikumi pie kuriem veidojas dazi kodolu izomérie stavokli ir
atkarigi no daudziem faktoriem. Pieméram, vairaku ilgi dzivojosu stavoklu eksistenci Hf-W
apgabala nosaka K izvéles likumi. ST situacija ir rezultats tam, ka kodolu spinu K projekcija
uz simetrijas asi deform&tos kodolos ir labs kvantu skaitlis, tacu kodolu pareju rezultata K
likums klist aizliegts. AtbilstoSo aizkavéto sakriSanu analize lauj ieglt interesanto izomero
stavoklu izladi. Starp daudziem nesen iegiitajiem '*W limeniem 13 ir jauni. DaZi no tiem ir
dubleti ar energiju diferenci 1 keV. P&tijumi parada, ka. analiz&jot aizkavétas sakri$anas,
iespe€ms ieglt svarigu informaciju par Itmenu sheémam.

K- ISOMER STUDIES IN TUNGSTEN ISOTOPES

I. Tomandll, J .Honzatkol, V.Bondarenkoz, J.Berzins®
1. Nuclear Physics Institute, 250 68 Rez, CZ
2. Institute of Solid State Physics University of Latvia, LV-1063 Riga, LV

Knowledge of the absolute transition rates is of great importance not only for probing the
nuclear structures but also for many applications. Conditions under which the certain nuclear
state becomes isomeric depends on the many factors. For example, an existence of the many
long-lived half lives in Hf-W region is caused by the so known K-selection rules. This
situation arises in consequence that the K-projection of the nucleonic spins on the symmetry
axis in deformed nuclei is a good quantum number so the nuclear transition violating the K-
rule behaves as forbidden. An analysis of the corresponding time-delayed coincidences allows
to select only those events that precede the isomer depopulation of interest. Among the many
levels in 185W established recently in the follow-up (d,p) and (d,t) studies 13 levels are
completely new. Few known levels are found to be a close doublets with the energy
difference only about 1 keV. These studies have clearly shown that with an analysis of
delayed-coincidence events new important information regarding the level scheme can be
achieved.
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GAMMA SPEKTROMETRISKO METOZU PIELIETOJUMS APKARTEJAS VIDES
RADIACIJAS MONITORINGA AUGSNE UN GRUNTSUDENOS

J.Bérzins, D.Riekstina, O.Véveris
Latvijas Universitates Cietvielu fizikas institits

Darba mérkis ir — pielietot gamma spektrometrisko analizi radionuklidu koncentracijas
noteikSanai augsn@s un gruntsiidenos, lai iegiitu parskatu par radioaktivitates fona Iimeni
radionuklidu koncentracijam viena pagasta robezas. Noveérojuma tikla blivums bija izvE€l&ts
500x500 m, kopgjais kontroles punktu skaits augsném -113, gruntsiideniem —34 paraugi.
Merisanai izmantota augstas izSkirSanas sp&jas gamma-spektrometrija. Merjjumi veikti
gamma energiju diapazona 50 — 2000 keV. Minimala detekt&jama aktivitate ir no 0.3 Iidz 1
Bqg/kg.

Rezultata augsnés konstatéta tikai >'Cs un dabigo radionuklidu **Th, ***U un *’K klatbitne.
P7Cs koncentracija svarstas robezas no 0.3 lidz 227 Bg/kg. Udens paraugos 'Cs
koncentracija neparsniedz minimalo detekt€jamo aktivitati. Tika noveérots, ka pat blakus
esofos kontroles punktos savaktajos paraugos var biit stipri atkirigas °’Cs koncentracijas,
ko var skaidrot ar koku klatbiitni, to tipu(skuju, lapu) un atSkiribu augsnés. Ka zinams, mala
augsnes ir labi sorbenti un *’Cs migracija tajas notiek daudz lenak. 2*U , **Th un *K
satura atSkiribas ir skaidrojamas ar augsnes tipu un iesp&jamo mineralméslu lietoSanu
(zalajos, bijusas aramzemés). MerTjumos noteikta radionuklidu koncentracija visos paraugos
ir republikas vid€jo limenu robezas.

ENVIRONMENTAL RADIATION MONITORING OF SOIL AND GROUND WATER
USING GAMMA SPEKTROMETRICAL METHODS

J.Berzins, D.Riekstina, O.Veveris
Institute of Solid StatePhysics, University of Latvia

The aim of this work is to analyze the radionuclide concentration in soils and ground water
using gamma spectroscopic methods in order to obtain an information about the background
level of radioactivty in environment. A number of 113 soil and 34 groundwater samples were
taken from 3x3 km” area in Salaspils using the grid of 500x500 m. The measurements were
performed with high-resolution gamma spectrometry in energy range of 50 — 2000 keV. The
uncertainty of measurements was 3 — 10% depending on activity measured, and minimal
detectable activity 0.3 — 1.0 Bg/kg.

In the soil samples only presence of '*’Cs and natural radionuclides U un “K were
obtained. The concentration of "*’Cs in soil samples was 0,3 — 227 Bq/kg, whereas in water it
is below the minimal detectable activity. Variations of radionuclide concentration in various
samples are depending of soil type (forest, grassland, plough

land etc.). The concentration of radinuclides in all samples measured corresponds to the range
of average level values in republic.

2320y, 238
Th,
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SEGNETOELEKTRISKU UN ANTISEGNETOELEKTRISKU PLANU KARTINU
FIZIKALAS TPASIBAS PEC ELEKTRONU APSTAROSANAS

A.Sternbergs, L. Aulika, V.Zauls, K.Kundzin$, M.Kundzips, R.Bittner', H.W.Weber',
E.Hodgson2
Latvijas Universitates Cietvielu Fizikas institits, Riga, Latvija

IAustrijas Universitasu Atominstitits, Vine, Austrija
? CIEMAT, Madride, Spanija

Elektronu starojuma izraisitas dielektrisko Tpasibu izmainas tika noverotas augsti orientétam PbZrO;
(PZ) un PbZrys3Tig4;03 (PZT) planajam kartinam, kuras PZ/SrRuQ;/Pt/Ti/Si0,/Si un
PZT/Pt/Ti/Si0,/Si heterostruktiru veida tika iegiitas ar sol-gela un lazerablacijas metodém (PLD).
Paraugi tika apstaroti ar elektronu plismu ~10° Gy (1.8 MeV) CIEMAT Madridé, Spanija.
Segnetoelektriskajam PZT un antisegnetoelektriskajam PZ planam kartipam tika uznemtas
dielektriskas caurlaidibas ¢ un dielektrisko zudumu #gd temperatiiras (20°C - 400°C, 2°/min) un
frekvencu (160 Hz — 1 MHz) atkaribas, izmantojot HP4284 LRC meériekartu, ka arm uzpemtas
elektriska lauka intensitates atkaribas no polarizacijas (histerézes cilpas) ar modificétu Soijera-Tauera
shému pie 15Hz. Dielektriskie un polarizacijas m&rjjumi tika veikti pirms un p&c apstaroSanas.

Pec apstarosanas tika noverota dielektriskas caurlaidibas vertibas g, samazinasanas, &,
temperatiiras palielinaSanas un polarizacijas asimetrija PZ planajam kartinam. PZT kartipam péc
apstaroSanas tika nov@rota & un paliekosas polarizacijas samazinasanas. Izmantojot izohronisku
termisku atkarséSanu, tika noverota dal€ja radiacijas induc€to defektu izraisito dielektrisko Tpasibu
izmainu relaksacija. Noverotie efekti ir saistami ar iek$gja lauka paliclinasanos kartinas péc
apstaroSanas.

PHYSICAL PROPERTIES OF FERROELECTRIC AND ANTIFERROELECTRIC
THIN FILMS AFTER ELECTRON IRRADIATION

A.Sternbergs, I.Aulika, V.Zauls, K.Kundzins, M.Kundzins, R.Bittnerl, H.W.Weberl,
E.Hodgson2
Institute of Solid State Physics, University of Latvia, Riga, Latvia
! Atomic Institute of the Austrian Universities, Vienna, Austria

? CIEMAT, Madrid, Spain

Electron irradiation damage have been observed for preferentially oriented PbZrO; (PZ) and
PbZry53Tip4703 (PZT) sol-gel and pulsed laser deposited (PLD) thin films with a thickness from 250
nm to 1000 nm, which were, deposited on SrRuO;/Pt/Ti/SiO,/Si and Pt/Ti/SiO,/Si substrates. PZ and
PZT thin films have been exposed to electron fluency up to ~10* Gy (1.8 MeV) in CIEMAT Madrid,
Spain.

Dielectric properties have been evaluated by measurements of capacitance and loss factor performed
on a probe station and HP4284 LRC meter. As a rule, "zero field" measurements in the frequency
range of 160 Hz — 1 MHz have been made in the temperature range of 20°C - 400°C. Ferroelectric
properties of the films were evaluated by polarisation-electric field hysteresis loops measured on a
modified Sawyer-Tower circuit at frequency 15 Hz testing system. Measurements were made before
and after irradiation. Post irradiation isochronic annealing to elevated temperatures was performed to
study the recovery of properties. Dielectric permittivity was measured during the annealing process up
to the temperature 300°C (heating rate 2 + 3 °C/min). Maximum of the dielectric permittivity &
decreases it’s temperature increase and hysteresis loop becomes asymmetric for PZ thin films after
electron irradiation. Decrease of ¢ and remanent polarisation have been observed for PZT films after
electron irradiation. Partial recovering of dielectric properties is observed at post-irradiation isochronal
annealing to elevated temperatures. Internal bias field of the films relates the observed effects of
irradiation.
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INTENSIVA NEITRONU STAROJUMA IEDARBIBA UZ SOL — GEL PbZrO; UN
PbZrTi,0; PLANAJAM KARTINAM

A.Sternbergs, I.Aulika, V.Zauls, K.Kundzin$, M.Kundzin$, R.Bittner', H.W.Weber'
Latvijas Universitates Cietvielu Fizikas institits, Riga, Latvija
IAustrijas Universitasu Atominstitits, Vine, Austrija

Intensiva neitrona starojuma rezultata tika noverotas dielektrisko 1pasibu izmainas no 200 nm
lidz 1300 nm planam PbZrO; (PZ), PbZr <TI4 O3 (PZT, x =0.47) planajam kartinam, kuras
augsti orient€tas PZ(PZT)/(SrRuO3)Pt/TiO,/Si heterostruktiiras veida tika iegiitas ar sol — gel
metodi. Paraugi tik apstaroti TRIGA MARK II reaktora Austrijas UniversitaSu Atominstitiita
Viné ar neitronu plismu (0.5+3)-102 m™, kuru energija > 0.1 MeV, kopa ar y starojuma dozu
7.1-10° rad ar energiju > 1 MeV pie < 60°C temperatiiras. P&c apstaro$anas tika novérota
dielektriskas caurlaidibas & samazinaSanas, spontanas un paliekosas polarizacijas
palielinaSanas PZ un samazinasSanas PZT planajam kartinam. Izmantojot izohronisku termisku
atkarséSanu, tika novérota dalja radiacijas induc€to defektu izraisito dielektrisko 1pasibu
izmainu relaksacija. Noverotie efekti PZT planajas kartinas var tikt saistitas ar kustigo ladinu
sakerSanu uz defektiem (graudu robezas, starpslani), ka ar1 skabekla vakancu izveidoSanos
pec apstarosanas plano kartinu heterostruktiiras. Satverto 1adinu izsaukta depolarizacijas lauku
ekranéSana  izraisa  dielektriskas caurlaidibas un  polarizacijas = samazinasanos
segnetoelektriskam planam kartipam un polarizacijas palielinaSanos antisegnetoelektriskam
planam kartinam p&c apstarosanas.

INTENSIVE NEUTRON IRRADIATION EFFECTS ON SOL - GEL PbZrO; AND
PbZr4TiyO3; THIN FILMS

A.Sternbergs, I.Aulika, V.Zauls, K.Kundzins, M.Kundzins, R.Bittner', H.W.Weber'
Institute of Solid State Physics, University of Latvia, Riga, Latvia
! Atomic Institute of the Austrian Universities, Vienna, Austria

In consequence of intensive neutron irradiation the changes in the dielectric properties have
been observed for preferentially (100) oriented spin coated PbZrO; (PZ), PbZr, ,T1O; (PZT,
x = 0.47) sol-gel films with thickness from 200 nm until 1300 nm on Pt/Ti0,/Si substrate. The
PZ and PZT heterostructures have been exposed to high fluency neutron irradiation (0.5 +
3)-10 m™, average energy > 0.1 MeV; accompanied by gamma rays dose 7.1-10° rad, energy
~ 1 MeV; Tipd. < 60°C in TRIGA MARK II reactor, Atomic Institute of the Austrian
Universities in Vienna. Decrease of dielectric permittivity &, increase for PZ and decrease for
PZT of spontaneous and saturation polarization has been established after irradiation. Partial
recovering of dielectric properties is observed at post-irradiation isochronal annealing to
elevated temperatures. The observed effects of irradiation may be related to capture of mobile
charge carriers on defects (grain boundaries, interfaces) in the thin film heterostructures.
Screening of depolarizing fields by charges captured in thin films may cause a decrease of
dielectric permeability and polarization for ferroelectrics and increase and polarization for
antiferroelectrics at irradiation.

34



KODOLSINTEZES PLAZMAS TEORIJAS TURPMAKIE IESPEJAMIE PETIJUMU
VIRZIENI LATVIJA

O.Dumbrajs
Somijas Zinatnu Akadémija, Vihonvuorenkatu 6, 00500 Helsinki,
PL 99, 00501 Helsinki, Somija

Pirmas kodolsintézes plazmas teorijai butiskas studijas Latvija ir saistitas ar plazmas
mala (virskarta) lokalizétam modam (ELMiem). Sis darbs tiek veikts Latvijas Universitates
Cietvielu fizikas instittita un paslaik tuvojas veiksmigam nobeigumam. Nakosa ierosinata
téma ir “Magnétiska lauka Iiniju stohastisko$anas un tas ietekme uz plazmu”. ST téma saistita
ar ergodisko magnétiska lauka teoriju.

Tiek domats, ka magnétiska lauka Iiniju sthoastiskoSanas ir galvenais process atros
energijas zu$anas notikumos, kuri magnetohidrodinamisko modu (MHD) dg&l notiek
magnétiski satverta plazma. Klasiskie pieméri ir zagveida zobu sabrukums un parrausanas.
Seit tiek domats, ka stohastisko3anas ietekmé biezi novéroto palielinato atkal-savieno$anas
atrumu. Nesen ar So procesu ieteica skaidrot neoklasiskas sarautas modas (NTM) fenomenu,
kur§ ir atkartojoSs neoklasiska magnétiska apgabala straujS samazinajums, tam
mijiedarbojoties ar citam MHD modam. Neparprotami §1 fenomena raksturigais laiks ir par
1su, lai to var€tu izskaidrot ar visparpienemto atkal-savienosanos. Teorétiskie stohastiskoSanas
sakuma stadijas petijumi tiks ilustréti plazmas parametru veértibam, kuras ir tipiskas ASDEX
Upgrade tokamakam, kas darbojas Plazmas fizikas Maksa-Planka-institiita Garhinga, Vacija.

POSSIBLE FURTHER SUBJECTS OF STUDY IN THE FIELD OF
FUSION PLASMA THEORY IN LATVIA

O.Dumbrajs
Academy of Finland, Vihonvuorenkatu 6, 00500 Helsinki,
PL 99, 00501 Helsinki, Finland

First fusion plasma theory relevant studies in Latvia were related to edge localized
modes (ELMs). This work has been carried out at the Institute of Solid Physics and is nearing
successful completion. The next suggested topic “Stochastisation of magnetic field lines and
its impact on fusion plasma” is related to the theory of ergotic magnetic fields.

The stochastisation of magnetic field lines is thought to play a major role in fast
energy loss events from magnetically confined fusion plasma due to magnetohydrodynamic
(MHD) modes. Classical examples are sawtooth crashes and disruptions. Here it is thought
that stochastisation plays a role in the enhanced reconnection rate, which is often observed.
More recently, this process has also been proposed as an explanation for the neoclassical
tearing modes (NTM) phenomenon, which is repetitive rapid decrease of a neoclassical
magnetic island due to its interaction with other MHD modes. The timescale for this
phenomenon is clearly too fast to be explained by a conventional reconnection. The
theoretical study of the onset of stochastisation will be illustrated for plasma parameters
typical for the ASDEX Upgrade tokamak operated at the Max-Planc-Institute for Plasma
Physics in Garching, Germany.
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SKIDRA METALA LIMITERA IZVEIDE TOKAMAKAM ISTTOK (PORTUGALE)

O.Lielausis, E.Platacis, A.Klukins, A.Mikelsons
Latvijas Universitates Fizikas institits

Plazmas konfiguraciju kontrol&josas ietaises -limiteri- uzskatami par termali un korpuskulari
visvairak slogotajam Tokamaka sastavdalam. To efektivitate bitiski pieaugtu, ja parastas
mehaniskas konstrukcijas vieta izdotos izveidot kustigu Skidra metala “aizkaru”.
Pamatprasiba —apiet mainiga magnétiska lauka destabiliz&joSo iedarbi. Pirmajos variantos
(eksperimenti Tokamaka T3-M) bija paredzéts, ka “aizkaru” veidos $kidra metala pilieni, bet
tas izradijas tehniski smags uzdevums. Dotaja darba plazmai jakontakté ar Skidra gallija
striklu, kura zemak ( bet pec iespgjas tuvak kontakta punktam), Releja nestabilitates rezultata
sadalas pilienos. Aprakstiti visi sagatavoSanas etapi, ieskaitot eksperimentus ar 1:1
hidraulisku modeli. Tada veida tika rasta atbilde uz vienu no pamatjautadjumiem — tika
nodemonstréta Skidra metala striiklas sabrukSanas stabilitate. Raksturota ar1 ickartas
uzstadiSanas gaita Portugales Augstakas Tehniskas Skolas Tokamaka ISTTOK.

DEVELOPMENT OF A LIQUID METAL LIMITER FOR TOKAMAK ISTTOK
(PORTUGAL)

O.Lielausis, E.Platacis, A.Klukins, A.Mikelsons
Institute of Physics of University of Latvia

The plasmas shape controlling arrangements—limiters-should be considered as the most
heat/particles loaded components of a Tokamak. Their efficiency would be essentially
increased if the mechanical constructions could be replaced by moving liquid metal “screens”.
The main problem—to get around the destructive influence of the changing magnetic fields. In
the first version (experiments on Tokamak T3-M)

the screen was formed by liquid metal droplets, but their generation turned out to be a
technically difficult task. In the case under consideration plasma should contact a gallium jet,
which after the contacting point is broken down in droplets because of the Rayleigh
instability. All the stages of the preparatory work have been described including experiments
on a 1:1 hydraulic model. The essential question about the stability of the liquid metal jet
break-down was answered. The situation with the installation of the stand on the Tokamak
ISTTOK in the Instituto Superior Tecnico (Portugal) has been characterized.
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DETERMINISTISKAS UN TROKSNA KOMPONENTES ATDALISANA ELM
LAIKA RINDAS

G. Zvejnieks un V. Kuzovkovs
Latvijas Universitates Cietvielu fizikas institiits

Viena no svarigakajam problémam datu analizé ir atdalit eksperimentalajos signalos
deterministisko informaciju saturo$o dalu no troksna komponentes. Pieméram, plazmas fizika
rodas $ada probléma, analiz&jot plazmas mala (virskarta) lokalizétas modas (ELMus). Vai
novérotie ELM signali rodas sarezgitu deterministiska haosa vai tikai gadijuma procesa dgl?
Mgs esam izstradajusi metodologiju, kas balstas uz finanSu inzenierzinatnes principiem. Ta
lauj mums atsSkirt deterministisko un trokSpa komponentes. M&s papildinajam linearo auto
regresivo (AR) metodi, ieklaujot nelinearitati (NAR). Pirmaja tuvinajuma nelinearitati més
izvel€jamies polinoma forma, tacu NAR metode var tikt pielietota, izmantojot jebkura cita
veida nelinearas funkcijas. Labakais eksperimentali novérojamo ELMu polinomu modelis tiek
iegiits, izmantojot Baijes Informacijas kriteriju (BIC).

Ar So metodi més esam izanaliz§jusi I tipa ELMu uzvedibu dalai ASDEX Upgrade
eksperimentu. legitie rezultati liecina, ka ar linearais AR modelis ir pietickams ELM
uzvedibas aprakstam. Tas nozimé, ka I veida ELMu periodiem ir relaksgjoss vai gadijuma
raksturs.

DISTINGUISHING DETERMINISTIC AND NOISE COMPONENTS
IN ELM TIME SERIES

G. Zvejnieks and V.N. Kuzovkov
Institute of Solid State Physics, University of Latvia

One of the main problems in the preliminary data analysis is distinguishing the deterministic
and noise components in the experimental signals. For example, in plasma physics the
question arises analyzing edge localized modes (ELMs): is observed ELM behavior governed
by a complicate deterministic chaos or just by random processes. We have developed
methodology based on financial engineering principles, which allows us to distinguish
deterministic and noise components. We extended the linear auto regression method (AR) by
including the non-linearity (NAR method). As a starting point we have chosen the non-
linearity in the polynomial form, however, the NAR method can be extended to any other
type of non-linear functions. The best polynomial model describing the experimental ELM
time series was selected using Bayesian Information Criterion (BIC).

With this method we have analyzed type I ELM behavior in a subset of ASDEX Upgrade
shots. Obtained results indicate that a linear AR model can describe the ELM behavior. In
turn, it means that type I ELM behavior is of a relaxation or random type.
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IEKARTA Ga PIEMAISIJUMU SPEKTROSKOPISKAI DIAGNOSTIKAI
TOKOMAKA ISTTOK KODOLU SINTEZES PLAZMA

A.Sarakovskis, I.Gromuls, R.Gomes*
LU Cietvielu fizikas institiits
*IST Lisbon, Portugal

Sadarbibas projekta ietvaros starp Latvijas Universitates un Portugales Augstakas Tehniskas
Augstskolas, EIRATOM Asociacijam izveidota un aprobéta iekarta piemaisijumu
spektroskopijai kodolu sinté€zes plazma. Iekarta nodroSina piemaisijumu emisijas spektrala
sastava registréSanu septinos virzienos, kuri atrodas tora simetrijas plakne un $kérso plazmas
kuli dazados attalumos no tora centra. Iekarta darbojas sinhroni ar plazmas inicializaciju.
Meérfjumu rezultats ir emisijas vidéja veértiba 40 ms laika, kas salidzinama ar plazmas
degSanas laiku. Iekarta sastav no objektiva, kas fokusé plazmas att€lu izv€léta radiala
Skersgriezuma uz gaismas Skiedru kiuli. Objektiva apertiira ir saskanota ar spektrografa
apertiru. Gaismas Skiedra nodroS$ina registréjosas spektralas aparattras telpisku atdaliS8anu no
ISTTOK konstruktiviem elementiem. Emisijas registréSanu veic CCD kamera 128X1024.
Katras emisijas pozicijas registréSanai izmantota kolonna, kas sastav no septinam pikselém.
Iekartas vadiSanu, datu savaksanu un analizi nodro$ina programma, kas izveidota LABWIEV
vide.

THE EQUIPMENT FOR SPECTROSCOPIC DIAGNOSTICS OF Ga IMPURITIES IN
THE ISTTOK FUSION PLASMAS

A.Sarakovskis, .Gromuls, R.Gomes*
LU Cietvielu fizikas institiits
*IST Lisbon, Portugal

Results of the development of equipment for spectroscopy of impurity vapor in fusion
plasmas has been reported in framework of collaboration between EURATOM UL and
EURATOM Portugal according to the project ,,Investigation of metal ions in fusion plasmas
using emission spectroscopy ““. The equipment allows to obtain the spectral composition and
intensity of plasma emission in seven directions, located in the symmetry plane of the
plasma thor and cross the plasma in different distances from the center of thor. Intensity
measurements are synchronized with initialization of the plasma discharge. The results of
measurements represent the mean value of the emission during ~40 msec, which is close to
the plasma life time. The equipment involves objective, which focuses the plasma emission
image at selected cross-section plane of plasma onto the entrance end of the optical fiber
bundle. Aperture of the objective conforms to that of the spectrograph. Use of the optical
fiber bundle allows adjust the spectroscopic equipment to the ISTTOK construction
elements. Registration of the emission spectra is provided by the CCD camera pixel size
being128x1024. Each position of the plasma emission of given spectral line is registered at
the column consisting from seven pixels. The control of the equipment, data acquisition and
data analysis is provided by software developed in the LABWIEV environment.
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LAZERA ABLACIJAS PLAZMAS PARAMETRU NOTEIKSANAS PROBLEMAS
Ga- TVAIKU KONCENTRACIJAS ETALONESANAI

I.Tale, A.Sarakovskis, I.Gromuls
LU Cietvielu fizikas institiits

Piemaistjumu koncentraciju tokamak plazma var tiesi noteikt ar emisijas spektroskopjas

metodém pie nosacijuma, ka ir zinamas liniju absoliitas intensitates, attiecinatas uz vienu
atomu. Ja to intensitate, ko nosaka jonizacijas- rekombinacijas atrums, nav zinama,, tad
spektralo aparatiiru var tieSa veida kalibrét, ievadot tokamak plazma noteiktu p&tama metala
daudzumu. Tokamak ISSTOK (Portugale) tas nav iesp&jams konstruktivu iemeslu del.
Ka alternativas risinajums var biit metala, (gallija) emisijas p&tijumi lazera ablacijas plazma.
Galvena probléma lazera ablacjas panémiena ir iesp&jama plazmas parametru atSkiriba no
tokamak plazmas parametriem, kas reduc€jas uz nepiecieSamibu eksperimentali tos noteikt.
Savukart, metala iztvaikoSanas atrums ari ir atkarigs no plazmas parametriem- jonu
koncentracijas un temperatiiras, kamér fluorescences intensitati nosaka elektronu temperatiira
un koncentracija. Lazera ablacijas metode lauj plazma iztvaic@t noteiktu, neatkarigi izme&ramu
metala daudzumu ekstremali 1sa laikd no desmitiem ps lidz dazam ns. Iztvaicéta metala
daudzums un temperatiira ir nelineari, bet viennozimigi atkariga no lazera impulsa
intensitates. legita elektronu koncentracija sasniedzama lidz 10" cm™.

Referata aplukoti lazera ablacijas plazmas parametru un Ga- emisijas mérisanas principi.

THE PROBLEMS OF EVALUATION OF THE PARAMETERS OF LASER
ABLATION PLASMA FOR DEVELOPMENT OF Ga- IMPURITY EMISSION
ETALON SOURCE

I.Tale, A.Sarakovskis, I.Gromuls
LU Cietvielu fizikas institiits

Direct estimation of the impurity concentration in the tokamak plasma can be provided if the
absolute line intensities with respect to single atom on plasma are known. In the case the
absolute intensities caused by excitation — recombination rate are unknown, the direct
calibration of the spectral equipment would be provided applying direct injection of the
known amount of metal in tokamak plasma. Corresponding injection is not available for
experiments at tokamak ISSTOK (Portugal).

An alternative approach could be investigation of Ga- emission in laser plasma.
Unfortunately, in the case of the laser evaporation the initial local plasma parameters of the
evaporated metal direct after pulse will differ from that in tokamak plasma. Evaporation rate
of metal in tokamak plasma depends on plasma parameters: ion concentration and
temperature, whereas fluorescence intensity is determined mainly by 7t and 7. In the case of
laser ablation the evaporation of known amount of metal is performed by extremely short
pulse duration from tenths of ps up to some ns. The amount of evaporated material and
temperature non-linear depends on the laser pulse intensity (W/m?®). The referred electron
density reaches of order 10'” to 10" cm™.

Methods of evaluation of electron and ion parameters as well as impurity Ga- emission
intensities depending on of evaporated metal amount are reported.
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EMISIJAS SPEKTROSKOPIJA METALA TVAIKU KONCENTRACIJAS
NOTEIKSANAI KODOLU SINTEZES PLAZMA

A.Sarakovskis, L.Gromuls, I.Tile
LU Cietvielu fizikas institiits

Piemaistjumu metala tvaiku absoliitas koncentracijas noteikSanai kodolsintézes plazma
nepiecieSams izstradat spektroskopijas aparatiiras kalibré$anas principus un panémienus.

Kalibrésanai var izmantot vairakas pieejas. Gadijuma, ja metala atoma emisijas atrums pie
uzdotiem argjas iedarbibas raditas jonizacijas parametriem ir zinams, tad spektralas aparatiiras
spektrala kalibréSana reducg€jas uz kalibréSanu radiometrijas vienibas. Pie nezinama emisijas atruma
rutina kalibréSanas procediira lieto etalona paraugu komplektu, kas sastav no analiz€jama materiala,
kura noteiktd koncentracija ievaditi analiz€jamie piemaisijumi. Lai noteiktu piemaisijumu
koncentraciju plazma jaizveido plazmas avots, kas raksturojas ar noteiktiem plazmas parametriem-
elektronu koncentraciju un temperatiiru, un kura ir ievaditi metala tvaiki koncentracija, kas izme&rama
neatkariga procediira.

Darba aplukotas iespgjas noteikt Ga piemaisijumu koncentraciju tokomaka ISTTOK
(portugale) izmantojot radiometriskas vienibas graduetu emisijas spektroskopijas iekartu un datus par
Ga fluorescences dziSanas kingtikas petijumiem.

Ga emisijas spektralais sastavs rada, ka sadursmes ar tidenraza joniem jonizé Ga. Rekombinacija ir
daudzpakapju process. Emisija novérojama intensivas linijas, kuras atbilst atlautam parejam: elektrona
radiativa satver§ana uz termu 4s°5p (639 nm), pareja 4s’5p - 4s’5s (1,211 pm ); pareja uz Ga
pamatstavokli 4s°5s - 4s°4p (403 nm). Literatiira ir dati par daZu ierosinato stavoklu dzives laika, ka
arT oscilatoru stipruma pétijjumiem. Liniju intensitaSu attiecibu analize kopa ar ierosinato stavoklu
dzives laika datiem var tikt izmantota, lai izstradatu procediru Ga piemaisijumu koncentracijas
noteikSanai izmantojot atomu emisijas spektroskopiju.

THE EMISSION SPECTROSCOPY FOR EVALUATION OF CONCENTRATION OF
THE METAL VAPOR CONCENTRATION IN TOKAMAK PLASMA

A.Sarakovskis, I.Gromuls, I.Tale
LU Cietvielu fizikas institiits

Evaluation of the absolute concentration of the impurity metal vapors in plasma using emission
spectroscopy requires development of the principles and procedure of in situ calibration of equipment.

Several approaches can be used for calibration of the equipment. In the case the emission rate
of single metal atom under ionizing conditions is known, the calibration of the spectroscopic
equipment reduces to the calibration in radiometric units (irradiance). For unknown emission rate the
routine calibration procedure involves use of the set of etalons of material under investigation with
known concentration of impurity metal. For evaluation of impurity concentration in plasma it is
necessary to develop a corresponding plasma source having certain plasma parameters — temperature
and concentration of electrons and metal vapors in concentration, which can be measured independent
procedure.

Present report deals with problems of cestimation of Ga impurity concentation in ISSTOK ( Portugal)
tokamak plasma using decay data of atom emission lines.

Emission spectra of Ga atoms show that collisions with hydrogen electrons and ions results in
ionization of Ga followed by multi step radiative recombination. The main emission lines corresponds
to the capture of electron to the 4s’5p (639 nm), transition 4s’Sp - 4s°5s ( (1,211 pm ); and
transition to the ground state 4s°5s - 4s°4p (403 nm). Some of the excited state lifetimes
obtained from decay kinetics are reported. Analysis of emission line intensity ratios together
with lifetime data will allow elaborate the procedure for evaluation of Ga impurity
concentration in the tokamak plasma.
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Li SATUROSIE MATERIALI KA ATMINAS VIDES
LENO NEITRONU VIZUALIZACIJAI

P. Kiilis, I. Tale, U. Rogulis, M. Springis, A. Veispals
Latvijas Universitates Cietvielu fizikas institiits

Viens no luminiscento materialu petijumu virzieniem ir radit atminas vides joniz&josa
starojuma vizualizacijas plattm (VP). Léno neitronu radiografija un datoru tomografija tiek
pielietota nesagraujosSai materialu testéSanai. Plasi izplatitas VP sastav no atminas fosfora
BaFBr:Eu”" un neitronu konvertora (Gd,Os;, LiF, B, In) pulvera maisfjuma organiska
saistviela. Sadu VP galvenie trilkumi ir relativi maza iz8kirSanas sp&ja un augsta gamma staru
jutiba. IzskirSanas sp&jas palielinasanai var izmantot atminas vides, kas vienlaicigi ir neitronu
jutigas, t. 1. Li vai Ga saturoSus materialus.

Veiktie LiBaF; pétijumi rada, ka Sis materials var tikt izmantots ka atminas vide
jonizgjosa starojuma vizualizacijai. Joniz€josa radiacija kristala rada F-centrus. Foto
stimulaciju F-centru absorbcijas joslas pavada rekombinativa luminiscence. Par luminiscences
centriem var kalpot kristala ievaditie retzemju elementu joni (Ce, Eu).

THE Li- CONTAINING COMPOUNDS AS STORAGE MATERIALS FOR SLOW
NEUTRON IMAGING

P. Kulis, I. Tale, U. Rogulis, M. Springis, A. Veispals
Institute of Solid State Physics, University of Latvia

One of main problem of luminescent material investigation is find out new materials for
storage and read out — photoluminescent imaging plates (IP). Slow neutron radiography and
computer tomography has been a method for non-destructive testing. Commercially available
neutron IP’s are composed of fine mixture of well known storage phosphor BaFBr:Eu®" and
neutron convector (Gd,Os, LiF, B, In) powders in an organic binder. The main disadvantages
of present neutron converter imagining systems are relatively low spatial resolution and high
sensitivity to gamma rays. Prospective further development of slow neutron IP is elaboration
of neutron active storage materials, based on Li and Ga compounds.

Our results of investigation of LiBaF; crystals show that this material is prospective for
slow neutron energy storage-read-out materials. Strong absorption bands of F-centres arise
after X-irradiation of LiBaF; crystals. Optical bleaching at RT by selective stimulation in
absorption bands of F-centres is accompanied by stimulated recombination luminescence and
results in read-out almost all accumulated energy. As recombination centres act the activator
ions (Ce, Eu)
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STENDS KOROZIJAS PETIJUMIEM Pb;;Li SAKAUSEJUMA PIE T = 550"C

I.Bucenieks, R.Krisbergs, E.Platacis, A.Sisko
LU Fizikas Institits, Salaspils-1, Miera 32, LV-2169, Latvija

LU Fizikas institita izstradats un samontéts Skidra metala stends MHD efektu
iedarbibas pétiSanai uz hrométa térauda EUROFER neizotermisko (Tmax = 550 °C, Tpin = 350
°C) koroziju eutektikas Pbl7Li plasma (Uyiq = 5 cm/sec). Stenda zemads temperatiiras dala
(elektromagnétiskais stiknis, atruma meritajs, siltummainis un korozijas produktu uztvergjs)
izgatavoti no t€rauda AISI 316L. Augstas temperatiiras dala sastav no sildiSanas trakta un
test-sekcijas. Trakts izgatavots no terauda 1.4713, kura korozijas 1pasibas nodroSina optimalos
apstaklus test-sekcija EUROFER paraugu korozijas pétiSanai.

Ar gaisu dzes€jamais elektromagnéts pie saméra neliela energijas patérina rada
nemagnétiskas spraugas tilpuma 3x3x15 cm® homogénu magnétisko lauku 1idz 2 T. Referata
apskatita test-sekcijas konstrukcija, kas lauj vienlaicigi pétit EUROFER paraugu koroziju ka
magnétiskaja lauka, ta ar1 bez lauka.

EXPERIMENTAL FACILITY FOR INVESTIGATION OF CORROSION
IN Pb;Li MELT AT T = 550°C

I.Bucenieks, R.Krisbergs, E.Platacis, A.Sisko
Institute of Physics of University of Latvia, Salaspils-1, Miera 32, Lv-2169, Latvia

At Institute of Physics of University of Latvia (IPUL) the liquid metal experimental
facility have been designed, fabricated and installed for investigation of MHD effects on
corrosion processes of EUROFER steel in non-isothermal (Tpay = 550°C, Tpmin = 350°C) flow
of eutectic alloy Pb17Li (Upean = 5 cm/s). The cold part of experimental facility (including
electromagnetic pump, electromagnetic flow meter, heat exchanger and cold trap for
corrosion products) have been made from stainless steel AISI 316L. High temperature part of
experimental facility consists from heater part and Test Section. Heater is made from steel
1.4713, the corrosion properties of which ensure optimal conditions in Test Section for
investigation of corrosion of EUROFER samples.

Air cooled electromagnet at relatively low energy consumption in the non-magnetic
gap having space volume 3 x 3 x 15 cm’ creates uniform magnetic field strength up to 2
Tesla. In report the construction of Test Section is represented, which allows to investigate
simultaneously corrosion of EUROFER samples both at the presence of magnetic field and
without magnetic field.
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MAGNETISKA LAUKA IETEKME UZ TRITIJA IZDALISANOS NO APSTAROTAS
BLANKETA KERAMIKAS (EXOTIC-8 EKSPERIMENTS)

J.Tiliks', G.Kizane', A.Vitin§"?, J.Tiliks jun.!, J.Rudzitis'
! Latvijas Universitates Kimijas fakultdtes Cietvielu radidcijas kimijas laboratorija
Latvijas Universitates Cietvielu fizikas institiits

Spécigi magnétiskie lauki (ML, ap 7-10 T), kas ir kodolsintézes reaktora blanketa
zonas neatpemama sastavdala, var kavét tritija izdaliSanos no cietajiem tritijatrazojoSiem
materialiem — keramiskajam LisSiO4 vai Li;TiOs; mikroloditém. Aizkav&Sanas process ir
saistits ar l1adgto tritija formu (T", T") difiizijas cela pagarinajumu polikristaliska keramikas
grauda tilpuma un ta efektivitate ir proporcionala grauda izm&riem. Pie graudu izm@riem
(d>4Ry, kur Ry, — Larmora radiuss), dala tritija var tikt aizkavéta keramikas grauda tilpuma.
Reaktora DEMO realajos ML $§ads kritiskais keramisko graudu izmérs sastada 50-80 pm.
Dotaja darba parbaudita ML (2,35 T) ietekme uz tritija izdaliSanos termoatdedzinasanas
procesa (ar linearu izversi =2,7 K-min") Li,SiOs mikroloditem (FZK), kuras starotas
EXOTIC-8 eksperimentda HFR, Pettena (neitronu pliisma ar energiju virs 0.1 MeV — 2,8-10%
n-m?~, starofanas temperatira — 640 °C, Li izdegianas pakape 11%). Iepriek§ ar kimisko
akceptoru metodi noteikts 1adéto tritija formu (T*, T") saturs lodites (75%), ar skangjoso
elektronu mikroskopiju - graudu izméru sadalfjums (vid€ji graudu izmérs staroSanas rezultata
palielinajies no 2-5 um uz 25-40 um). Termoatdedzinasanas procesa noverota ievérojama
tritija izdaliSanas aizkavéSana ML klatbttné (lidz 40%), kura ir proporcio-nala ML
intensitates kvadratam. Palielinot karsé$anas atrumu lidz p=10 K-min™, aizkavé$anas efekts
ML samazinas. legiitie rezultati liecina, ka ilgstosa keramikas ekspluatacija HCPB var novest
pie graudu izméru palielinasanas Iidz kritiskajam izméram un izraisit dal&ju tritija aizturi.

MAGNETIC FIELD EFFECTS ON THE TRITIUM RELEASE FROM THE
BLANKET CERMICS IRRADIATED IN THE EXOTIC-8 EXPERIMENT

J.Tiliks', G.Kizane', A.Vitin§"?, J.Tiliks jr.!, J.Rudzitis '
! Laboratory of Solid State Radiation Chemistry, University of Latvia
? Institute of Solid State Physics, University of Latvia

The intense magnetic fields (MF, 7-10 T) occurring in the blanket zone of a fusion
reactor can delay tritium release from the ceramic trittum breeder - LisSiO4 or Li,TiOs;
ceramic pebbles. The delay is related with the lengthening of the diffusion path of charged
tritium forms (T*, T) in the volume of ceramic grains. The delay is proportional to the grain
size. At the grain size above the critical size of 4Ry (Rp — the Larmor radius), a considerable
part of tritium can be retained in the volume of ceramic grains. For the MF of the real DEMO
reactor, the critical grain size is 50-80 um. The effect of MF of 2.35 T on the tritium release at
thermoannealing at a linear temperature increase at =2.7 K-min" from the LisSiO4 pebbles
(FZK) irradiated in the EXOTIC-8 experiment (HFR, Petten; the neutron fluence above 0.1
MeV — 2.8:10° n-m?, the irradiation temperature — 640 °C, the Li burn-up — 11%) was
investigated in this study. The abundance ratio of charged tritium forms (T*, T"), 75%, was
determined by the chemical acceptor method, the distribution of grain sizes — by scanning
electron microscopy. As a result of the irradiation, the grain size increased from 2-5 um to 25-
40 pm. A considerable delay of the tritium release in MF (up to 40%) was observed. The
delay is proportional to the squared MF intensity. Increasing the heating rate p to 10 K-min™,
the delay in MF decreases. The results obtained testify that a long-term operation of HCPB
can increase the grain size to the critical size and cause partial tritium retention.
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AUGSTTEMPERATURAS RADIOLIZE BLANKETA KERAMISKAJOS
MATERIALOS

G.Kizane', J.Tiliks', A.Vitin§"?, E.Kolodinska'
! Latvijas Universitates Kimijas fakultdtes Cietvielu radidcijas kimijas laboratorija
Latvijas Universitates Cietvielu fizikas institiits

Viena no kodolsintézes reaktora tehnologiskajam problémam ir keramisko tritijatrazojoso
materialu (Li4Si04 un Li,TiO3 mikrolodites) sastava un strukttiras izmainas ilgstosa ekspluatacija
(piem., reaktora DEMO blanketa izmantoSanas laiks paredzets 20000 stundas). Smagie
ekspluatacijas apstakli (temperatiira lidz 900 °C, neitronu plismas lidz 10" n-m™s™, magnétiskais
lauks (ML) lidz 10 T, u.c.) var izsaukt keramisko materialu radiolizi, graudu augSanu, keramisko
lodisu dispergésanos, u.c. Graudu augSana augsttemperatiiras radiolizes apstaklos var novest pie
tritija aiztures grauda tilpuma Larmora efekta rezultatd. Dotaja darba parbaudita divu veidu
keramisko lodisu (Li4SiO4 no FZK un Li;TiO3 no CEA) sastava un struktiiras izmaina, starojot ar
atro elektronu plismu (5 MeV, P=100 MGy-h™, absorbéta doza lidz 1200 MGy) 600-1000 °C
temperatiira. Sastava izmainas tika noteiktas ar rentgendifrakcijas un elektronu paramagnétiskas
rezonances metodém, struktiras izmainas (graudu izmeérs) ar SEM metodi. P&c augsttemperatiiras
radiolizes paraugi tika ieZiméti ar tritiju fotoneitronu avota (lidz 2-10'" n-m™), tika veikta tritija
termoatdedzinaSana gan izotermiska rezima, gan linearas izverses rezima. iegiitie rezultati parada,
ka radiacijas defektu lokalizacija pie temperatiras virs 600 °C nav novérojama ne Li4SiO4, ne
Li,TiO3 mikrolodités. Keramisko graudu augSana lielaka ir Li4Si04 gadijuma (no 10-15 um lidz
20-25 pum pie 930 °C un D=1100 MGy), kamér Li,TiO; mikroloditém tie palielinas no 1-3 um
lidz 3-7 um pat pie 970 °C un D=1200 MGy. LisSiOs gadijuma iev€rojami pieaug
nestehiometriska SiO, daudzums, ka dzilas radiolizes produkts (lidz 7%, salidzinot ar 2%
nestarota materiala), paradas ari Li,SiO;. Tika novérota $ada radioliz€ta materiala kuSanas
temperatiiras pazeminaSanas. Ta ka graudu izmérs neviena gadijuma nesasniedza kritisko (30-40
um pie 2,4 T), ML ietekme uz tritija izdaliSanos S$adiem radioliz€tiem paraugiem bija
neieveérojama.

HIGH-TEMPERATURE RADIOLYSIS OF BLANKET CERAMICS

G.Kizane', J.Tiliks', A.Vitins"?, E.Kolodinska'
! Laboratory of Solid State Radiation Chemistry, University of Latvia
? Institute of Solid State Physics, University of Latvia

One of the technological problems of a fusion reactor is changes in the composition and
structure of ceramic breeder (Li4SiO4 and Li,TiO3 pebbles) during long-term operation (eg., the
operation time of DEMO blanket will be 20000 h). Heavy operating conditions (temperature up to
900 °C, the neutron flux up to 10" n-m™s™', the magnetic field (MF) up to 10 T, etc.) can cause
radiolysis of ceramics, grain growth, destruction of ceramic pebbles, etc. The grain growth can
cause tritium retention in the grain volume as a result of the Larmor effect. Changes in the
composition and structure of the LisSiO4 (FZK) and Li;TiO; (CEA) ceramic pebbles at fast
electron irradiation (5 MeV, P=100 MGy-h', absorbed dose up to 1200 MGy) at 600-1000 °C
were investigated in this study: the changes in composition — by XRD and ESR, in structure — by
SEM. The samples were marked with tritium in a photoneutron source (up to 2-10"" n-m?).
Thermoannealing of trittum was performed both at a constant temperature and at a linear
temperature increase. No localisation of radiation defects was observed above 600 °C in the
Li4Si04 and Li,TiO; pebbles. The LisSiO4 grain size increased from 10-15 to 20-25 um at 930 °C
and D=1100 MGy. The Li,TiO3 grain size increased from 1-3 to 3-7 um at 970 °C and D=1200
MGy. Non-stoichiometric SiO; increased from 2% to 7%, and Li,SiO3 appeared in LisSiO4, the
melting point decreased. MF effect on the tritium release was not appreciable in all the radiolised
samples.
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BLANKETA KERAMIKAS UN EUROFER TERAUDA SAVSTARPEJA KOROZIJA
AUGSTTEMPERATURAS RADIACIJAS APSTAKLOS MAGNETISKAJA LAUKA

J.Tiliks', G.Kizane', B.Polakovs’
! Latvijas Universitates Kimijas fakultates Cietvielu radidcijas kimijas laboratorija
Latvijas Universitates Kimiskas fizikas institits

Konstrukcijas materialu savstarp&ja savietojamiba ir svariga probléma kodolsintézes reaktora
blanketa zona. Patreizg€ja varianta optimalakais materials HCPB dzes€josam platém, cauruléem
un korpusam ir izvElets zemas aktivacijas martensita térauds EUROFER 97. Ilgstosa
ekspluatacija (ap 20000 stundas 650-900°C temperatiira, pie atro neitronu plismas ap 10"’
n.m>s") var realizéties fizikali kimiskie procesi metala-keramikas saskares virsmas, kas
noved pie metala korozijas. Tomér realos apstaklos (DEMO vai ITER tipa iekartas) papildus
darbosies arT spécigi magnétiskie lauki (ML) — lidz 10 T. ML ietekme uz keramikas —metala
savstarp&jo koroziju nav pétitas. Dotaja darba pétita augstu temperatiiru (650°C), radiacijas (5
MeV elektronu ar P=15 MGy.h™' un MF (1,5 T) vienlaiciga un atseviska ietekme uz puléta
EUROFER 97 un keramisko materialu (Li4SiO4 un Li;TiO3 pulveru ) virsmas koroziju.
Paraugi sagatavoti ,sendvi¢a” veida. Virsmas izmainas tika pétitas ar atomspeku
mikroskopijas metodi. Tika noteikti vairaki parametri — virsmas raupjums (DIN 4718), 10
izveleto punktu vid€jais augstums (ANSI 846.1) u.c. legiitie rezultati parada, ka vienlaiciga
temperatiras (T), radiacijas (R) un magnétiska lauka (M) iedarbiba izsauc vislielakas virsmas
izmainas. No pétitajam keramikam lielako virsmas koroziju izsauc LisSiOs4. Atseviska (T+R),
(T+M) un T iedarbiba rada metala virsmas neglaudumus apméram 2 reizes mazak. Radiacijas
ietekmé tiek sagrauts metala oksidu aizsargslanis, ML savukart ietekmé& aktiva korozijas
agenta radiolitiska skabekla veidoSanos.

MUTUAL CORROSION OF THE BLANKET CERAMIC AND EUROFER STEEL
AT THE HIGH-TEMPERATURE IRRADIATION IN THE MAGNETIC FIELD

J.Tiliks', G.Kizane', B.Polakovs’
! Laboratory of Solid State Radiation Chemistry, University of Latvia
? Institute of Chemical Physics, University of Latvia

Mutual compatibility of the structural materials is an important problem of the blanket zone of
thermonuclear reactors. The low-activation martensitic steel EUROFER 97 is chosen as the
optimal material for HCPB reactor cooling plates, pipes and casing at present. During the
long term operation (approx. 20.000 hours at 650-900°C, fast neutron flux 10" n.m?s™) the
physicochemical processes inducing the metal corrosion can take place on the contact
surfaces between metal and ceramics. In addition to these factors at the real operation of the
DEMO or ITER devices, high magnetic fields (MF) up to 10 T will act as well. The influence
of MF on the mutual corrosion of metal-ceramics has not been investigated at present. The
effect of the high temperature (650 °C), irradiation (5 MeV electrons, dose rate 15 MGy.h™)
and MF (1.5 T) were investigated simultaneously and separately on the mutual corrosion of
polished surfaces of EUROFER 97 and ceramic materials (Li4SiO4 and Li,TiO; powders).
The samples were prepared in the “sandwich” type. The changes of the surface of samples
were investigated by atomic force method. Some of the surface characterisation parameters
were determined — roughness (DIN 4718), root mean square (ISO 4287/1) and ten point
height (ANSI B 46 1). The obtained results indicate that the simultaneous action of high
temperature (T), radiation (R) and magnetic field (M) generate the largest changes of the
surface. The greatest surface corrosion of the EUROFER caused Li4SiO4. The separate effect
of (T+R), (T+M) and (T) creates the twice-smaller surface roughness. Radiation damages the
surface protective metal oxide layer. MF influences the formation of radiolytical oxygen,
which is an effective corrosion agent.

45



STRUKTURA UN FAZU PAREJAS

46



DEFEKTU IETEKME UZ PAREJAS METALU ADHEZIJAS IPASIBAM UZ
NEPOLARAS MgO(001) VIRSMAS: SALIDZINOSA TEORETISKA ANALIZE

J. Zukovskis un J. Kotomins
Latvijas Universitates Cietvielu fizikas institiits

Pirmo principu datormodeléSana ir veikta c€lo (Ag) un parejas (Cu) metalu atomiem, kuri
adsorbéti uz regularas un defekétas MgO(001) pamatnes [1]. Ka metalu atomi, ta arT virsmas
O vakances (Fj centri) tiek sadalitas vienmerigi ar vienu Ag (Cu) atomu vai Fy centru viena
2x2 virsmas super§ind. Virsmas O° jonu pozicijas ir energétiski izdevigakas metalu atomu
adsorbcijai uz reguldras pamatnes nekda Mg”>™ jonu vietas. Mijiedarbiba starp Ag vai Cu
adatomiem un bezdefektu MgO pamatni ir fizisorbcija neraugoties uz atskiribu adsorbciju
energijas: attiecigi 0.62 eV un 0.39 eV uz vienu Cu un Ag adatomu, attiecigi). Virs Fj
centriem metdlu atomi tiek saistiti daudz stiprak, salidzinot ar regularam O pozicijam
(attiecigi 2.4 eV un 2.1 eV uz vienu Cu un Ag adatomu). To pavada nozimiga ladina parnese
uz katru adatomu (4gcy = 0.41 e un Agag = 0.32 e), ka arT dal€ji kovalentas Me—F saites
izveidoSanas perpendikulari robeZvirsmai (Malikena saiSu populacijas pcy—r, = 0.25 e un
Pag-r,= 0.33 e). Tadgjadi, parejas metalu atomu adsorbcija uz defektetas MgO(001) pamatnes
skaidri norada uz stipro elektrostatisko saiti ievérojamas robezvirsmas ladina pardales d&l.

INFLUENCE OF DEFECTS ON THE ADHESION OF TRANSITION METALS ON
NON-POLAR MgO(001) SURFACE: COMPARATIVE THEORETICAL ANALYSIS

Yu.F. Zhukovskii and E.A. Kotomin
Institute of Solid State Physics, University of Latvia

First principles simulations were performed for noble (Ag) and transition (Cu) atoms
adsorbed on regular and defective MgO(001) substrate [1]. Both metal atoms and surface O
vacancies (F; centers) were distributed uniformly with one Ag (Cu) atom or F; defect per 2x2
surface supercell. Surface O* ions are the energetically more preferable for metal atom
adsorption on a regular substrate as compared to Mg®" ions. The nature of the interaction
between Ag or Cu adatoms and a defectless MgO substrate is physisorption (despite the
difference in the adsorption energies: 0.62 eV vs. 0.39 eV per Cu and Ag adatom,
respectively). Above the F; centers, metal atoms are bounded much stronger as compared
with the regular O” sites (2.4 eV vs. 2.1 eV per Cu and Ag adatoms, respectively). This is
accompanied by a substantial charge transfer towards each adatom (Agc, = 0.41 e and Aga, =
0.32 e) as well as a formation of partly covalent Me—F bonds across the interface (Mulliken
bond populations pcyr, = 0.25 e and pagr, = 0.33 e). Thus, adsorption of transition metal
atom on the defective MgO(001) substrate clearly indicates a strong electrostatic bonding
because of the considerable interfacial charge redistribution.

[1] Yu.F. Zhukovskii, E.A. Kotomin, and G. Borstel, Adsorption of single Ag and Cu atoms

on regular and defective MgO(001) substrates: an ab initio study - Vacuum, 73 (2004) in
press.
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HIBRIDA BLIVUMA FUNKCIONALA TEORIJAS PIELIETOSANA DEFEKETO
PEROVSKITU KRISTALU NEEMPIRISKOS APREKINOS

S. Piskunovs, R. Eglitis un J. Kotomins
Latvijas Universitates Cietvielu fizikas institiits

Blivuma funkcionala teorija (DFT) ir plasi lietota ka efektiva un parbaudita metode
pamatstavokla energiju aprékinos dazadiem materialiem. Tomeér, ar DFT metodi aprékinatas
Ipasvertibas neatbilst sist€mas ierosinatajiem stavokliem. Tas ir 1paSi labi redzams zonu
struktiiru aprékinos, kad efektiva potenciala neanalitiska atkariba no blivuma noved pie
aizliegtas zonas platuma, kas biezi ir vairak ka divas reizes mazaks par eksperimentalo
vertibu. Ka alternativa DFT metodei, Hartri-Foka (HF) metode lauj aprékinat gan sist€émas
pamata, gan ierosinato stavokli, bet ievérojami parverte aizliegtas optiskas zonas platumu. Lai
aprékinatu kompleksu materialu elektronu struktiiru un to optiskas ipasSibas ir vajadziga
metode, kas lautu precizi aprékinat aizliegto zonu un sistémas pamatstavokli. Misu darba, ka
pieméru izmantojot defektetos perovskitus, izmantojot hibrida HF/DFT aprékinu shému.
Plaso perovskitu klasi més reprezent&jam ar tris galvenajiem materialiem: SrTiOs, BaTiOs, un
PbTiO; to kubiskaja faze. Lai dotu ieguldijumu dazadu elektro-optisko efektu izskaidroSana,
kuri ir noveéroti Sajos perovskitu materialos, to pamatstavoklu 1pasibas ir aprékinatas no
pirmajiem principiem un analiz&tas Saja darba.

USE OF HYBRID DENSITY FUNCTIONAL THEORY FOR AB INITIO
CALCULATIONS OF DEFECTIVE PEROVSKITE CRYSTALS

S. Piskunov, R.I. Eglitis, and E.A. Kotomin
Institute of Solid State Physics, University of Latvia

Density Functional Theory (DFT) is widely used as an efficient and reliable method for
computing the ground state energetics for a broad variety of materials. Nevertheless, the
eigenvalues in DFT calculations do not formally correspond to excitation energies. This is
particulary apparent in their use to estimate band gaps where the non-analytic dependence of
the effective potential on the density often leads to a optical gap value less than half of
experimentally observed. As an alternative to DFT, Hartree-Fock (HF) approach gives both
ground and exited states, but considerably overestimate the optical band gap. In order to study
the electronic and optical properties of complex materials, an approach providing a reliable
estimate of band gaps in combination with a reasonable description of the ground state is
required. In the present study on defective perovskite crystals, the fulfillment of such
requirements is clearly demonstrated using a simple Aybrid HF/DFT scheme. In present
theoretical investigations, a wide class of perovskite oxides is represented by three crystals:
SrTiO3;, BaTiOs, and PbTiOs, in their high symmetry cubic phases. In order to make a
contribution to the explanation of various electro-optical effects observed in such perovskite
materials, their ground-state properties have been calculated from first principles and
analyzed in the present study.
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PUSADIABATISKA ELEKTRISKA POLARIZACIJA SEGNETOELEKTRIKOS:
DINAMISKA HISTEREZE

I. Aulika, E. Klotins
Latvijas Universitates Cietvielu fizikas institiits, Riga, Latvija

Nestacionaras elektriskas polarizacijas model&Sanai statiska lauka un dinamiskas histerézes
model&Sanai periodiski mainiga lauka tiek izmantotas gan ab initio gan kontinualas teorijas.
Kritiski nozZimigi jautajumi Saja sakara saistiti ar termisko fluktuaciju ietekmi uz polarizacijas
kinétiku, bet attiecigais matematiskais apraksts balstas uz Ginzburga-Landau energijas
funkcionali. Sarezgitibas d&l §1 apraksta potencials netiek pilniba izmantots un aprobezojas ar
vienadojumiem, kuri apraksta tikai aperiodisku polarizacijas kinétiku. Viens no $is
matematiskas tehnikas paplasinajumiem balstits uz sakaribu starp Ginzburga-Landau tipa
kinétiku un Srédingera vienadojumu imaginara laika, kas dod iesp&ju modelét nestacionaru
elektrisko polarizaciju ar elektronu kin&tikas aprékinos plasi pazistamam kvantu mehanikas
metodém, proti, polarizacijas sadalijjuma funkcija tiek saistita ar vilpu funkcijas analogu
izmantojot WKB tipa paligfunkciju ka teorijas centralo objektu. Klasiskie Srédingera
vienadojuma imaginara laika atrisinajumi tie$a veida ir pielietojami telpiski homogéna
gadijuma dodot iesp&ju modelét dielektrisko relaksaciju termisko fluktuaciju ietekmé,
reakciju uz laika periodisku ar€jo lauku, un nelinearo dielektrisko uzp€mibu. Darba
demonstrétas histerézes cilpas atkariba no argja lauka amplitidas un frekvences, temperatiiras,
un sist€mas iek$gjiem parametriem — Landau koeficientiem un vidgja barjeras Sk€rsoSanas
laika. Rezultati attiecas uz ilglaika polarizacijas kinétiku segnetoelektrikos stipra argja lauka.

SEMIADIABATIC HIGH FIELD POLARIZATION RESPONSE IN
FERROELECTRICS: DYNAMIC HYSTERESIS

I. Aulika, E. Klotins
Institute of Solid State Physics, University of Latvia, Riga, Latvia

Both ab initio and continuum theories apply to the analysis and numerically simulating both
the polarization in static field and the dynamic hysteresis under periodic driving field. Crucial
questions related to this type of analysis address the rate of polarization switching and the role
of thermal noise in kinetics of ferroelectric polarization. Well-known models having a
potential for characterization of nonstationary polarization response are based on Ginzburg-
Landay type energy functional. Nevertheless, due the complexity of relations accounting for
the thermal activated nature of polarization switching this potential is not exploited
completely and conventionally is restricted to damped equations. A departure from the
conventional mathematical technique is inspired by the mapping between Ginzburg-Landay
approach and the imaginary time Schrodinger equation addressing the problem to well-
developed simulating methods of quantum electron dynamics with an auxiliary relationship
(ansatz) coupling the multipoint density distribution of polarization with an analogue of wave
function as the key entity. In the case of spatial homogeneity this imaginary time Schrodinger
treatment yields thermal noise controlled dielectric relaxation, dielectric response on time
periodic driving voltage, and nonlinear susceptibility. We present hysteresis plots modelled as
functions of driving amplitude, frequency, temperature, and intrinsic features of the system -
Landau expansion coefficients and the averaged time of barrier crossing. Results are
addressed to high field response and long time dynamics in ferroelectrics.
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TERMISKO FLUKTUACIJU EFEKTI SEGNETOELEKTRIKOS: NELINEARA
DIELEKTRISKA UZNEMIBA

I. Aulika, E. Klotins
Latvijas Universitates Cietvielu fizikas institiits, Riga, Latvija

Attistita teorija, kura nelinearu un neadiabatisku dielektrisko procesu apraksts
segnetoelektrikos balstits uz nekonservativu energijas funkcionali. Atbilstosa matematiska
tehnika ietver difuiziju metastabila un no laika atkariga potenciala. Teorijas pamatlielumi ir
energijas funkcionala izvirzijums péc elektriskas polarizacijas pakapém, lineara elektriskas
polarizacijas atkariba no ar€ja lauka un temperatiiras, kura ietekmé ka energijas funkcionali,
ta arl barjeras SkérsoSanas vidgjo laiku. Polarizacijas modeleSanai izmantota sakariba starp
kingtiskiem vienadojumiem Ginzburga-Landau tipa energijas funkcionalim un Srédingera
vienadojumu imaginara laika kas dod iesp&u modelét nestacionaru elektrisko polarizaciju ar
elektronu kinétikas aprékinos plasi pazistamam kvantu mehanikas metodém, proti,
polarizacijas sadalfjuma funkcija tiek saistita ar vilpu funkcijas analogu izmantojot WKB tipa
paligfunkciju ka teorijas centralo objektu. Darba paradita polarizacijas relaksacija statiska
elektriska lauka un nelineara dielektriska uznpémiba pie dazadam temperatiram un ar¢ja lauka
amplitidam un frekvencém kas model&tas izmantojot ceturtas pakapes energijas funkcionali.
Rezultati ietver zemo frekvencu dielektrisko spektroskopiju un segnetoelektriku tpasibas pie
lieliem laukiem.

EFFECT OF THERMAL FLUCTUATIONS ON FERROELECTRIC RESPONSE:
NONLINEAR SUSCEPTIBILITY

I. Aulika, E. Klotins
Institute of Solid State Physics, University of Latvia, Riga, Latvia

A nonconservative energy functional based theory, which claims to describe non-linear and
nonadiabatic dielectric response in ferroelectrics, is advanced. Its mathematical technique
combines diffusion in multistable and time dependent potentials. Basic entities comprise the
extension of energy functional in terms of electric polarization, the external field coupled
linearly with polarization, and the temperature contributing both in the energy functional and
averaged rate of barrier crossing. The kinetics of polarization is modelled taking advance of
the mapping between Ginzburg-Landay approach and the imaginary time Schrédinger
equation addressing the problem to well-developed simulating methods of quantum electron
dynamics for an analogue of wave function as the key entity. We present both the relaxation
of polarization in static field and the nonlinear susceptibility modelled for the quadratic
prototype energy functional at different driving voltages, frequencies and temperature.
Application-grade results concern both the low frequency dielectric spectroscopy and high
power characterization of ferroelectrics. However, significance of the results goes beyond this
model situation and may be applicable to more general energy functionals.
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POLARIZACIJAS MIKROSTRUKTURA SEGNETOELEKTRIKOS: IMAGINARA
LAIKA SREDINGERA TUVINAJUMS

E. Klotins
Latvijas Universitates Cietvielu fizikas institits, Riga, Latvija

Polarizacijas kinétika segnetoelektrikos ir saistita ar komplic€tu mikrostruktiiru un tas
apraksts atSkiras no tradicionala nepartrauktas vides tuvinajuma. Matematiskas metodes, kas
ir piemérotas termodinamisko fluktuaciju aktiviz€tai kin&tikai balstas uz sakaribu starp
Ginzburga-Landau teorijas vienadojumiem un imaginara laika Srédingera vienadojuma
atrisinajumiem. Kritiskais faktors ir daudzpunktu polarizacijas sadalijuma funkcijas sasaiste
ar vilpa funkcijas analogu, izmantojot paligfunkciju, kura aprékinata, cik zinams pirmo reizi,
vajas nelokalitates gadijumam. Rezultata probléma transform&jas uz rekurentu matricu
vienadojumu, kur§ pieme@rots liela méroga skaitliskai modelesanai. Otrkart, ir aprékinats, ka
polarizacijas parslégsanas iesakas doménu sienu tuvuma kur tas otrais atvasinajums péc
koordinatas sasniedz maksimumu. Sis rezultats dod iesp&jamo izskaidrojumu problémai,
kapéc polarizacijas parslégsanas eksperimentali novérojama pie daudz mazakiem laukiem
neka paredz tradicionalais tuvinajums. Srédingera tuvinajuma nozime neierobeZojas ar %o
specialo paligfunkciju un attiecas uz visdazadakajam problemam, saistitam ar
termodinamisko fluktuaciju aktiviz€tas un telpiski nehomogenas polarizacijas kin&tiku.

POLARIZATION MICROSTRUCTURE IN FERROELECTRICS: IMAGINARY
TIME SCHRODINGER TREATMENT

E. Klotins
Institute of Solid State Physics, University of Latvia, Riga, Latvia

Polarization kinetics in ferroelectrics is influenced by a very complex microstructure and
constitutes a relatively new subject different from the routine continuum approach.
Mathematical developments reasonable for thermal activated nature of the relevant kinetics
concern the connection between Ginzburg-Landay relations and the solutions of imaginary
time Schrodinger equation. Crucial in this context is mapping of the multipoint density
distribution of polarization with an analogue of wave function by an auxiliary relationship
(ansatz) derived, firstly after our knowledge, for the case of weak nonlocality. As a
consequence, the problem is addressed to a recurrence matrix representation suited for large-
scale numerical modeling. Secondly, the polarization switching is found initiated in the
vicinity of domain boundaries at which the second spatial derivative of polarization reaches
its maximal value. It gives a possible answer to the question why the polarization switching
occurs at much lower field than the conventional approach suggests. However, the
significance of this treatment goes beyond of this particular ansatz and is applicable for a
variety of problems associated with thermally activated and spatially extended polarization
instability.
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BIEZUMA IETEKME UZ PLANU BaTiO; KARTINU OPTISKAJAM IPASIBAM

I. Aulika, V. Zauls, K. Kundzins, M. Kundzins
Latvijas Universitates Cietvielu fizikas institiits, Riga, Latvija

Ar lazerablacijas metodi uz Si/SiO,/Ti/Pt/SrRuQOs virsmas iegitu barija titanata BaTiO3
(BT) planu optiskas kvalitates heterostruktiiru atstaroSanas spektri redzamaja diapazona tika
pétiti, izmantojot Ocean Optics CCD spektrometru ar optiskas Skiedras ievadu, gaismai kritot
perpendikulari uz paraugu. Papildus izmantojot pusautomatisku nullelipsometru, tika veikti
ar1 elipsometriski mérijumi ar He-Ne lazera starojumu A = 632.8 nm, mainot stara kriSanas
lenki robezas no 45° lidz 75°. Reflektometrijas un elipsometrijas datu kopiga apstrade tika
veikta ar daudzslanu modela skaitliskas optimizacijas metodi, ieglistot makroskopiski
noverojamo optisko parametru spektralas atkaribas. Noskaidrots, ka parauga biezumam
samazinoties, lausanas koeficienta vertibas nedaudz samazinas, bet absorbcijas koeficienta
spektrs nobidas lielaku energiju virziena. Paraléli tika parbauditas paraugu virsmas
topografijas ipatnibas, iegustot att€lus ar Smena NT-MDT Co. atomspéka mikroskopu un
izmantojot standarta adatas kontakta reZima. Ar atomspéka mikroskopu iegiito virsmas attelu
statistiska apstrade parada, ka kartinas augSanas procesa Tpatnibas uzputinaSanas laika ir
atkarigas no slana biezuma, un ta rezultata tiek iegiiti paraugi ar dazadu mikroreljefu, kas
ietekm@ makroskopiski novérojamas optiskas Tpasibas un gaismas izkliedes parametrus.

THICKNESS EFFECTS ON OPTICAL PROPERTIES OF BaTiO; THIN FILMS

I. Aulika, V. Zauls, K. Kundzins, M.Kundzins
Institute of Solid State Physics, University of Latvia, Riga, Latvia

The reflectivity spectra under normal light incidence geometry in the range of 350 -
750 nm were made by miniature “Ocean Optics” CCD spectrometer with fibre optics input.
Ellipsometric measurements were performed by variable-angle null-ellipsometer (at He-Ne
laser wavelength 4 = 632.8 nm, angles set from 45° to 75°, step 5°). Additional surface
morphology atomic force microscopy (AFM) tests in contact mode with conventional tips
were made using Stand Alone SMENA instrument from NT-MDT Co. Multilayer model
numerical optimization procedure was developed for reflectometric and ellipsometric data
evaluation. The variation of refractive index and absorption coefficient has been observed for
pulsed-laser deposited (PLD) BaTiOs (BT) thin films on Si/SiO,/Ti/Pt/SrRuQOs substrate with
different thickness. The refractive index slightly decreases and absorption coefficient spectra
shifts to higher photon energies with thickness decrease. Estimated values of band gap
energies are 2.86 eV, 3.03 eV and 3.38 eV for film thickness 320 nm, 170 nm and 130 nm
respectively. The AFM surface topography analysis showed that thin film growth process
depends on layer thickness resulting in various surface final roughness patterns and affecting
optical properties due to band structure modifications and scattering losses.
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FIZIKALAS IPASIBAS UN FAZU DIAGRAMMAS PLZT x/85/15 KERAMIKAM

E. Birks, I. Aulika, A. F uithl, H. Kabelkal, M. Antonova, A. gtrenbergs
Latvijas Universitates Cietvielu Fizikas institits, Riga, Latvija
! Vines Universitates Eksperimentalds fizikas institiits, Vine, Austrija

Saskana ar rentgena difrakcijas mérjjumu rezultatiem karsti pres€tiem lantdna modific€tiem svina
cirkonata titanata (PbyLa,)(Zr,Ti;.,)O3 sastaviem, kur y = 0.95un x =1, 2, 3, 4, 4.5, 5, 6, 8, 10 molu
procenti (PLZT x/85/15), ir viendabiga perovskita struktira un elementarStinas izmérs pie istabas
temperatiiras monotoni samazinas palielinoties La koncentracijai. Ir veikti izgatavoto sastavu
dielektriskas caurlaidibas, polarizacijas un termiskas izpleSanas merjjumi. Tika uznemtas dielektriskas
caurlaidibas temperattiras 20 °C — 300 °C un frekvencu 1 kHz — 100 kHz atkaribas, izmantojot HP4284
LRC meériekartu, ka arm uznemtas elektriska lauka intensitates atkaribas no polarizacijas (histerézes
cilpas) ar modificétu Soijera-Tauera shému pie 15Hz. Termiskas izple$anas d/(?) meérijumi temperatiiras
rajona 25 °C — 400 °C nepolariz€ta un polarizéta stavokli tika veikti ar Perkin Elmer Dynamic
Mechanical Analyser (DMA?7). Dielektriskas caurlaidibas temperatiiras atkaribam ir maksimums fazu
pareja starp paraelektrisko (PE) un segnetoelektrisko (SE) vai antisegnetoelektrisko (ASE) fazi, kas,
palielinoties La koncentracijai, nobidas uz zemo temperatiiru pusi, vienlaicigi dielektriska caurlaidiba
maksimuma samazinas un maksimums izplist, neuzradot izpluduSajam fazu parejam raksturigas
dispersijas pazimes. Termiskas izpleSanas rezultati norada, ka pie La koncentracijam Iidz 3 % fazu pareja
notiek starp PE un romboedriskas simetrijas segnetoelektrisko fazi. Pie La koncentracijas sakot ar 4 %
fazu pareja notiek starp PE un ASE fazi, pie tam palielinoties La koncentracijai, ASE fazei raksturigais
termiskas izpleSanas l&ciens samazinas, praktiski izztidot pie 6 % La. legitie rezultati apstiprina, ka La
stabiliz€ antisegnetolektrisko fazi un lauj konstatet stavokli ar izpliduSu ASE fazu pareju. Fazu parejas
izplusanas iemesls acimredzot ir ASE 1ipasibu pavajinasanas, palielinoties La koncentracijai, nevis
sastava fluktuacijas.

PHYSICAL PROPERTIES AND PHASE DIAGRAMS OF PLZT x/85/15 SOLID
SOLUTIONS

E. Birks, I. Aulika, A. Fuithl, H. Kabelkal, M. Antonova, A. Sternbergs
Institute of Solid State Physics, University of Latvia, Riga, Latvia
! Institute for Experimental Physics, University of Vienna, Austria

In accordance with x-ray diffraction measurements hot pressed lanthanum modified lead zirconate
titanate (PbyLa,)(ZryTi,.,)O3 ceramics withy =85 and x =1, 2, 3,4, 4.5, 5, 6, 8, 10 mole percents (PLZT
x/85/15) have a homogeneous perovskite structure, where the size of the elementary cell at room
temperature monotonously decrease with increase of the La concentration. The measurements of the
dielectric permittivity & polarisation and thermal expansion has been done for the given samples.
HP4284A precision LRC meters was used to measure the dielectric properties at temperature range 20 °C
— 300 °C in frequencies 1 kHz — 100 kHz. Ferroelectric properties of the ceramics were evaluated by
polarisation-electric field hysteresis loops measured on a modified Sawyer-Tower circuit at frequency 15
Hz. The thermal expansion d/(?) in the temperature range 25 °C — 400 °C for PLZT x/85/15 ceramics
have been made in the unpolarized and in the polarized states with Perkin Elmer Dynamic Mechanical
Analyser DMA7 to determine the field induced deformation effects. The phase transition for the
temperature dependence of the dielectric permittivity is between paraelectric (PE) and ferroelectric (FE)
or antiferroelectric (AFE) phase which shifts to the lowest temperatures, maximum of ¢ become lower
and diffuse (without showing characteristic dispersion of the diffuse phase) with increase of the La
concentration. Thermal expansion results shows phase transition between PE and rhombohedral
symmetry of the ferroelectric phase for PLZT with La concentration until 3%. With La concentration
from 4% phase transition is between PE and AFE phase and, in addition to increase of the La,
characteristic thermal expansion jump of AFE phase become lower and practically disappear at the La
6%. The given results confirm that La stabilise AFE phase and give a possibility to establish diffuse AFE
phase. The reason of the diffuse phase is depress of AFE property with increasing of La concentration
but not because of the fluctuation of the constitution.
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DAZADU SINTEZES METOZU IZMANTOSANA CAURSPIDIGAS
PLZT KERAMIKAS IEGUSANA

M.Dambekalne, M.Antonova, M.Livins, M.Plonskal, B.Garbarz-Glosz, A.Kalvane
Cietvielu fizikas institiits, Latvijas Universitate, Riga, Latvija
ISilezijas universitates Fizikas institiits, Sosnovice, Polija.
’Krakovas Pedagogijas universitates Fizikas institits, Polija

Keramiskie paraugi izgatavoti no Pb; (LaxZroesTio3s5(x = 8, 9, 10) pulveriem, kas sintezeti ar
divam metodém: 1) peroksohidroksopoliméru (PHP) metode, kura ka izejvielas izmantoti
neorganisko saJu Skidumi TiCly, ZrOCly8H,0, Pb(NOs),, La(NOs3);-6H,0); 2) sol-gel
metode, kur ka izejvielas izmantoti organisko salu Skidumi: Pb(COOCHj3;),:3H,0,
La(COOCH3)5:1.5H,0, Zr(OCH,CH,CHj3)s, Ti(OCH,CH,CH3)s. Abu metozu gadijuma
PLZT pulveri sintezé pie 600°C 2-4 stundas un rezultata iegist amorfu nanopulveri.
Keramiskie paraugi iegiiti ar karstas preséSanas tehnologiju pie 1100 — 1200°C, 20MPa
spiediena un izturéSanas laika 2 — 6 stundas. Jaatzime, ka optiski labakos paraugus izdevas
iegit ar PHP metodi. Pulétu keramisko plaksniSu (biezums — 0.3mm) gaismas caurlaidiba
sasniedz 67 — 69% (gaismas vilpa garums A = 630nm). P&c sol-gel metodes iegiitas keramikas
gaismas caurlaidiba ir ~ 20% zemaka. Ta ka alkoholati ir loti jutigi pret gaisa mitrumu, un
mums nebija tehnisku iesp&ju nodrosinat sinté€zi neitralas gazes vide, tas, miisuprat, ari ir
iemesls paraugu zemakai gaismas caurlaidibai. Pulveriem tika veikti RTG un DTA mérijumi.
Keramikai tika méritas dielektriskas, segnetoelektriskas un optiskas ipasibas, ka ar1 veikti
mikrostrukttiras pétijumi. Ar PHP metodi iegiitai keramikai graudu izméri ir 3 - 4. Ar sol-gel
metodi iegiitas keramikas gadijuma graudu izméri ir mazaki neka 1 p.

PRODUCING TRANSPARENT PLZT CERAMICS USING
DIFFERENT SYNTHESIS METHODS

M.Dambekalne, M.Antonova, M.Livinsh, M.Plonska', B.Garbarz-Glos®, A.Kalvane
Institute of Solid State Physics, University of Latvia, Riga, Latvia
! Institute of Physics, University of Silesia, Sosnowiece, Poland
? Institute of Physics, Krakow Pedagogical University, Poland

Ceramic samples of Pb; xLay(Zry65Ti035)O03 (x = 8, 9, 10) were prepared from powders being
sintered by two methods: 1) peroxohydroxopolimer (PHP), where as precursors were used
solutions of inorganic salts TiCly, ZrOCls-8H,0, Pb(NOs),, La(NO3);:6H,0); 2) sol-gel, using
as precursors solutions of metal organic salts Pb(COOCHj3),-3H,0, La(COOCH3);5-1.5H,0,
Zr(OCH,CH,CH3)4, Ti(OCH,CH,CHj3)4, The thermal regimes for both powders were similar:
synthesis at 600°C for 2 — 4h, obtaining amorphous nanopowder. Ceramic samples were
produced by hot pressing at 1100 — 1200°C for 2 — 6h and pressure of 20Mpa.Optical
transmittance of ceramic samples from PHP derived powders was higher than that from sol—
gel derived. The transparency of poled plates with thickness of 0.3mm (wavelength A =
630nm) was 67 — 69% and 56 - 59%, respectively. It can be explained by lack of technical
support for sol-gel processing in atmosphere of neutral gas, as metal organic precursors are
extremely sensitive to moisture of air. X-ray and DTA studies were used for powders.
Dielectrics, ferroelectric and optical properties as well as studies of microstructure were
carried out for ceramic samples. The grain size of ceramics produced from PHP powders is 3—
4y, for sol-gel ceramics less than 1 .
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DISLOKACIJU VEIDOSANAS LiF KRISTALOS AUGSTAS ENERGIJAS *”Bi, **Ni
UN **S JONU STAROJUMA IEDARBIBA

L.Gailite, I.Manika, J.Maniks
Latvijas Universitates Cietvielu fizikas institits, Riga, Latvija

Pétita dislokaciju veidosanas ar augstas (MeV-GeV) energijas Bi, Pb, Ni un S joniem
apstarotos LiF kristalos, izmantojot selektivas kodinasanas metodi. P&tijumi veikti uz starotas
virsmas, ka arT implant€taja slani un tam piegulosaja nestarotaja kristala dala. Konstatéts, ka
visu min€to jonu starojums rada ievérojamus mehaniskos spriegumus uz starotas un
nestarotas zonas robezas, kuri var parsniegt materiala plistamibas robezu (ap 20 MPa) un
izraisit dislokaciju generéSanu un dislokaciju tikla veidoSanos kristala nestarotaja dala.
Noverota jaunu dislokaciju veidoSanas ar nikela vai bismuta joniem implantétaja zona. Vieglo
séra jonu gadijuma pétito fluendu diapazona lidz 10'? joni/cm’ jaunu dislokaciju veidoganas
ne uz starotas virsmas, ne ar1 implantetas zonas tilpuma netika novérota. Rezultati liecina, ka
dislokaciju veidosanos iespaido jona masa, fluence un energijas zudumi kristala. Dislokaciju
raSanas implantacijas zona saistama ar vakancu disku veidoSanos un to sabruksanu, ka ar1 ar
augstu iek$€jo mehanisko spriegumu generéSanos. Jonu starojuma raditas dislokacijas
modifice mehaniskas ipasibas un augstds koncentracijas veicina plaisu veidoSanos un
sagrausanas procesus.

FORMATION OF DISLOCATIONS IN LiF CRYSTALS UNDER IRRADIATION
WITH ENERGETIC *”Bi, **Ni and **S IONS

L.Gailite, .Manika, J.Maniks
Institute of Solid State Physics, University of Latvia, Riga, Latvia

Formation of dislocations in LiF crystals irradiated with energetic (MeV-GeV) S, Ni, Bi and
Pb ions has been investigated. Dislocation etching was performed on the irradiated surface
and on the crystal cross-sections cleaved perpendicular to the irradiated surface. The
irradiations with heavy (B1, Pb) as well as with light (S, Ni) ion species leads to generation of
mechanical stress between the irradiated layer and unirradiated part of crystal. At the vicinity
of irradiated layer, the stresses can exceed the yield stress of LiF (~20 MPa) and create
dislocations in the non-irradiated part of the crystal. In case of Bi or Ni ions, new ion-induced
dislocations are created on the irradiated surface. The light S ions do not produce dislocations
neither on the irradiated surface, nor in the bulk of irradiated layer at fluences up to 10"
jons/cm’. The formation of dislocations is affected both by the ion fluence and the energy
loss. The creation of dislocations in the irradiated area is related to accumulation of internal
stress and collapse of vacancy disks formed by aggregation of vacancies. The ion irradiation
produced dislocations modify the mechanical properties of the material and promote
processes of crack generation and fracture.

55



ZELTA PLANO PARKLAJUMU FAZES UN STRUKTURAS
STABILITATE DAZADU METALU SAKAUSEJUMU UN
METALIZETU KERAMIKU SISTEMAS

L.Vitina, V.Rubene, V.Belmane, A.Kriimina, M.Lubane
Rigas Tehniskas universitates Neorganiskas kimijas institits

Ar rastra elektronmikroskopijas, rentgenfazu un rentgenmikroanalizes metodém pétita
kimiski reducéta 0,3-0,6 pm un elektroizgulsnéta 0,8-1,8 pm biezu Au un elektroizgulsnétu 1-
2 um biezu rentgenamorfo sakaus€jumu Co-W (W — 50 masas %) un Co-Mo (Mo — 36 masas
%) struktiiras un fazu stabilitate, slanu elementu sastava izmainas sist€émas Au/Co-
W/Cu/sitals, Au/Co-W/Fe-Ni1(Ni80)/sitals, Au/Co-W/Tig, Au/Co-W/Fe-Ni(Ni40) un Au/Co-
Mo/Cuy,. pec to karséSanas 200°C 200 stundas [1], 300°C 100-150 stundas, 450°C un 470°C
attiecigi Iidz 50 un 15 stundam. P&étijumu rezultati parada, ka rentgenamorfa sakaus€juma Co-
W pielietoSana nodroSina Au slaniSu fazes sastava un adh€zijas stabilitati. Pie ilgstoSas
karsésanas (300°C 100 st. + 450°C + 470°C) ir noveérojama Co-W slana kristalizacijas sakums
ar nelielu Co304 un CoWO, veidoSanos. Saktie pétijumi parada, ka Co-Mo slanis savu
rentgenamorfo stavokli un Au fazes stabilitati saglaba pie 300°C 50 stundu ilgas karséSanas.
Uz plano kimiski reducéto Au slanisu (0,3-0,4 pm) virsmas ir noveérojama kristalu augsana,
ko nosaka kimiskas reduc€Sanas procesa nepilniga Au kristalizacija, kas turpinas karséSanas
procesa. Pie augstak minétajam temperatiiram nav noveérojama Si difuzija no sitala un
savienojumu Co-Si, Au-Si, Co-Ti, Au-Ti un Au-Cu veidoSanas.

[1] LVitipa, A.Knipele, V.Belmane, V.Rubene, l.Jansone, M.Lubane, M.B&rzins. 19.zinatniskas
konferences, veltitas LU CFI 25. gadu jubilejai, referatu t€zes, 44 (2003).

PHASE AND STRUCTURE STABILITY OF THIN GOLD LAYERS IN THE
SYSTEMS OF VARIOUS METAL ALLOYS AND METALLIZED CERAMICS

L.Vitina, V.Rubene, V.Belmane, A.Kriimina, M.Lubane
Institute of Inorganic Chemistry, Riga Technical University

Phase and structure stability, changes in the atomic composition of chemically
deposited (thickness 0.3-0.6 um) and electrodeposited (thickness 0.8-1.8 um) Au layers and
electrodeposited (thickness 1-2 um) X-ray amorphous Co-50 wt.%W and Co-36 wt.%Mo
alloy layers in the following systems Au/Co-W/Cu/glass-ceramics, Au/Co-W/Fe-
Ni(Ni80)/glass-ceramics, Au/Co-W/Ti foil, Au/Co-W/Fe-Ni(Ni40) and Au/Co-Mo/Cu foil
were investigated after their heating at 200°C for 200 h [1], at 300°C for 100-150 h, at 450 and
470°C for 50 and 15 h, respectively, by scanning electron microscopy (SEM), X-ray
diffraction (XRD) and energy dispersive X-ray analysis (EDAX). The results of investigations
demonstrate that the electrodeposition of the X-ray amorphous Co-W alloy ensures the
stability of phase composition and adhesion of the Au layers. The inception of crystallization
of the Co-W layer and the formation of a little Co304 and CoWO4 were observed after long-
time heating at 300°C for 100 h and 450-470°C for 10-15 h. The started investigations
demonstrate that the Co-Mo layer maintains its X-ray amorphous state and the Au phase
stability after the heating at 300°C for 50 h. Crystal growth was observed on the surface of
thin chemically deposited Au layers (thickness 0.4 um). That is determined by incomplete Au
crystallization the chemical deposition. The Au crystallization continues at the heating. Si
diffusion from the glass-ceramics and formation of Co-Si, Au-Si, Co-Ti and Au-Cu
compounds were not observed at the above-mentioned temperatures.

[1] LVitina, A.Knipele, V.Belmane, V.Rubene, [.Jansone, M.Lubane, M.B&rzins. Abstracts. Of the
19" Scientific Conference, dedicated to 25 th anniversary of Institute of Solid State Physics UL, 44
(2003).
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KOMPOZITO SLANU METALS/HIDROKSILAPATITS
ELEKTROIZGULSNESANA UN STRUKTURAS VEIDOSANAS
UZ DAZADU METALU PAMATNEM

L.Vitina, V.Rubene, I.Jansone, V.Belmane, M.Lubane, A.Krumina, J.ASaks, M.Bérzins
Rigas Tehniskas universitates Neorganiskas kimijas institits

Petijumi turpinati [1], lai ar elektroizgulsnéSanas metodi ieglitu kompozitos slanisus
(KS) metals/hidroksilapatits un parklatu plasi pielietoto, ISO standartam atbilstoSo, Fe-Ni-Cr-
Mo sakausgjumu implantu virsmu un padaritu to draudzigu cilvéka videi. Ka cementgjosais
metals KS ripnieciski sintezé€tajam (Rd'H Laborchemikalien) vai dabas kaulu fazes
hidroksilapatitam (HA) Cas(PO4);(OH) izveleti elektroizgulsnéSanas procesa iegiistamie
rentgenamorfie sakaus&jumi Co-W (W — 50 masas %) un Co-Mo (Mo - 32+39 masas %). So
sakaus€jumu elementsastavs tuvina KS ISO standartam atbilstoSajiem, dargajiem Co-W-Mo
sakaus€jumu metalu implantiem.

KS struktiiras veido$anas un to kimiskais sastavs no kompleksajiem kalija pirofosfata
(Sn), citrata-etilendiaminotetractikskabes (Co-W un Co-Mo) elektrolitiem pétitas ar
voltamperometrijas, elektron- un optiskas mikroskopijas, rentgenfazu, kimiskas analizes,
spektrofotometrijas un mikroelektroforézes metodém. Noteikts, ka KS veidosanos nosaka HA
dispersitate, ta virsmas ladin$ atkariba no elektrolita sastava, organiska savienojuma
klatbtitnes, pH un elektroizgulsnéSanas rezima. Ka viens no priekSnoteikumiem ir HA pilniga
kristalizacija bez rentgenamorfas fazes klatbitnes. Ir iegtti KS Sn/HA ar HA daudzumu 10-
58 masas %, Co-W/HA ar 50-75 masas %, Co-Mo/HA 50-65 masas %. Ka primara stadija
elektrokimiskaja procesa ir metala slaniSa Sn, Co-W un Co-Mo veidoSanas uz katoda un ka
sekundara HA augsti disperso dalinu adsorbcija uz elektrokristalizacijas procesa "augosa"
metala slaniSa un "ieaugSana" taja.
[1] LVitina, A.Knipele, V.Belmane, V.Rubene, I.Jansone, M.Lubane, M.B&rzins. 19. zinatniskas
konferences, veltitas LU CFI 25. gadu jubilejai, referatu tezes, 44 (2003).

ELECTRODEPOSITION AND STRUCTURE FORMATION OF COMPOSITE
LAYERS METAL-HYDROXYLAPATITE ON VARIOUS METAL SUBSTRATA

I.Vitina, V.Rubene, I.Jansone, V.Belmane, M.Lubane, A.Kriimina, J.ASaks, M.Bérzins
Institute of Inorganic Chemistry, Riga Technical University

The investigation [1] was carried on in order to electrodeposit the composite layers
metal-hydroxylapatite to coat surface of Fe-Ni-Cr-Mo alloy implants, which are widely used
and correspond to the ISO standard, and to render the implants more friendly to a human
body. The electrodeposited X-ray amorphous Co — 50 wt.% W and Co — (32-39) wt.% Mo
alloys were selected as the binding metal of the composite layer containing synthetic (Rd'H
Laborchemikalien) or natural bone phase hydroxylapatite (HA) Cas(PO4);(OH). The atomic
composition of these alloys makes the composite layer similar to the more expensive Co-W-
Mo alloy implants, which correspond to the ISO standard.

The formation of the composite layers is determined by the dispersity of HA, the
surface charge HA depending on the electrolyte composition, the presence of the organic
compound, pH and the electrodeposition conditions. The composite layers tin — (10-58) wt.%
HA, (Co-W) — (50-75) wt.% HA and (Co-Mo) — (50-65) wt.% HA have been obtained. A Sn,
Co-W or Co-Mo metal layer initially form on the cathode in the electrochemical process.
Then highly-disperse hydroxylapatite particles adsorb on the metal layer growing at the
electrocrystallization and are included in the growing layer.

[1] LVitina, A.Knipele, V.Belmane, V.Rubene, I.Jansone, M.Lubane, M.B&rzins. Abstracts. Of the
19" Scientific Conference, dedicated to 25 th anniversary of Institute of Solid State Physics UL, 44
(2003).
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NIOBIJU SATUROSAS STIKLA KERAMIKAS STRUKTURALAS
PARVERTIBAS TERMISKA APSTRADE

J.PelSs, A.MisSnovs, L.Bérzina, R.Cimdins, J.Bossert*
Latvijas Universitates Cietvielu fizikas institits, Latvija
* Fr. Sillera Universitate, Jéna, Vacija,

Rigas Tehniska Universitate, Latvija

Niobija stikla keramika ir zinama ka biosaderigs materials medicina: ka
stomatologija, ta sejas-zoklu kirurgija. Stikla keramikas kimisko un biologisko
aktivitati var ietekmét materiala struktira, tai skaita fazu sastavs.

Sisttema NaO-CaO-Nb,Os—P,0s sintezeta stikla pulvera paraugi termiski apstradati
dazadas temperatiiras (750 — 1050 °C) pie dazadiem izturéSanas laikiem — no vienas
lidz seSam stundam. Ar DTA, Rtg fazu analizes un SEM metodém pétita stikla
keramikas struktiira.

STRUCTURAL TRANSFORMATION OF NB CONTAINING GLASS-
CERAMICS AT THERMAL TREATMENT

J.Pelss, A.Misnovs, L.Berzina, R.Cimdins, J .Bossert”
Institute of Solid State Physics, University of Latvia
* Fr. Schiller University Jena, Germany,
Riga Technical University, Latvia

Niobium glass ceramics is know as biomaterial in medicine: stomatology,
maxillofacial surgery. The material structure and phase amount infuenced on
chemical and biological activity of glass-ceramics.

Samples from glass powder in system NaO: CaO: Nb,Os: P,Os treated at different
temperatures (750-1050 °C) and at different time — from 1 to 6 hours. The glass-
ceramics structure investigated by DTA, X-ray and SEM methods.
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MAGNETISKAS FAZU PAREJAS KRITISKIE INDEKSI Ni
ULTRADISPERSAJAS DALINAS

A.Petrovs', L.LKudrenickis', M.Majorovs2
"Latvijas Universitates Cietvielu fizikas institiits,
2Latvijas Universitates Fizikas institiits

P&tfjuma uzdevums bija eksperimentali noskaidrot spontanas magnetizacijas
M; kritiskos parametrus, sakotngjas magnétiskas uznémibas y un Kirt temperaturas T,
vertibas sferiskam nikela ultradispersam dalinam atkariba no dalinu izméra. Nikela
dalinu izméri bija tuvi viendoména stavokla izméram d = 60 nm.

Galvenie iegiitie pétijuma rezultati ir sekojoSi. Magnétiska fazu parejas
paradiba Ni ultradispersajas dalinas, samazinoties to izm&riem, turpina pastavet, bet ar
jaunam kritisko parametru vertibam, salidzinot ar masivu Ni kristalu. Vismazakajam
pétito dalinu izm&ram d = 9 nm tika iegiitas sekojosas parametru vértibas: y=1.1 £
0.1, B =0.47£0.05 un T, = 585+5 K, salidzinadjumam, masiva Ni kristalam raksturigas
vertibas ir sekojoSas: y = 1.36 £0.02, 3 =0.37 £ 0.04 un T, = 63112 K.

Statisko kritisko indeksu Buny { My~ |—¢| B, x ~ |—¢| 7, kur e= (T- T.)/ T}
eksperimentalo vértibu izmainas atbilst vid€ja lauka teorijas dotajam vertibam,
tad€jadi var izdarit pien€mumu, ka §is kritisko indeksu veértibas var tikt uzskatitas par
efektivajam, nevis asimptotiskajam veértibam [1]. Savukart noverotas kritiska vy
indeksa izmainas atbilst $§1 indeksa teor€tiskajai uzvedibai atkariba no fizikalas
sisttmas dimensijas, aprakstitai [2]. Dalinu izméra ietekme atklajas ar1 T, vértibas
samazinajuma, salidzinot ar masivo Ni kristalu, pieaugosas dalinas virsmas ietekmes
del.

CRITICAL INDEXES FOR MAGNETIC PHASE TRANSITION IN Ni
FINE PARTICLES

A.Petrovl, I.Kudrenickisl, M.Maiorov’
TInstitute of Solid State Physics, University of Latvia
*Institute of Physics, University of Latvia

Critical behaviour of the spontaneous magnetisation, the initial susceptibility
and the Curie temperature for spherical nickel particles in dependence on their sizes
have been experimentally investigated. The sizes of the nickel particles were close to
the single-domain size ds = 60 nm.

Magnetic phase transition in the Ni particles is remaining with decreasing their
sizes, at the same time the values of critical parameters are changing as compared to
massive Ni crystal. The experimental values of the statical critical indexes B and y
{ M~ |—¢| P x ~ |—¢| ¥, where &= (T- T.)/ T.} are changing to the values given
by the theory of the mean field. It is possible these values of the critical indexes are
the effective ones not the asymptotic values [1]. The change of the critical index y
observed in our experiments corresponds to the theoretical behaviour of this index in
dependence on the physical system’s dimension, described in [2]. The size of particles
is revealed itself on the value of the Curie temperature due to the influence of particle
surface.

1. R.Folk, Yu.Holovatch, T.Yavors’kii, Uspehi Fizicheskih Nauk, 173 (2003, translated in

English) 175.
2. K.G.Wilson, J.Kogut, Physics Reports, 12C, No 2 (1974) 75.
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MnMg;..0 RADIACIJAS DEFEKTU TERMISKA STABILITATE

V. Skvorcova
LU Cietvielu fizikas institiits

Termiska apstrade nosaka iesp&ju merktiecigi izmainit pusvaditdju un
dielektrisko materialu optiskas un izturibas ipaSibas. Darba aplukota radiacijas
defektu termiska stabilitate monokristaliskos cietos Skidumos Mn:Mg;_.O (¢<0.3).

Apstarota Mn-Mg;..O absorbcijas spektros kopa ar joslam, kas saistitas ar
Mn*" jonu pareju no pamata stavokla uz ierosinatiem stavokliem, novéroti ari ar
radiacijas defektiem saistitas joslas. Pie temperatiram virs 700K absorbcijas spektra
paradas divas platas joslas ~26000 cm™ un ~20000cm™. Paradits, ka radiacijas
defektu termiska stabilitate monokristaliskos cietos Skidumos Mn-Mg;_.O atskiras no
tiriem magnija oksida kristaliem.

Tiek apspriesti dazadi mehanismi, kas nosaka absorbcijas joslu rasanos un
radiacijas defektu termiskas stabilitates atskirtbas MnMg; O un tiros magnija
oksida kristalos.

MnMg;..O RADIATION DEFECTS THERMAL STABILITY

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

Thermal treatment provides a possibility of the controlled change of optical
and durability properties of semiconductors and dielectric materials. The results of
study of radiation defects thermal stability in Mn:Mg;..O (¢<0.3) single solid solution
are presented.

In absorption spectra of irradiated Mn-Mg;..O apart from absorption bands
due to transitions from ground state to the excited states in manganese ions there are
also the bands associated with radiation defects. At temperature higher than 700 K
two wide bands ~26000cm™ and ~20000cm™ appear in absorption spectra. It is shown
that the radiation defects thermal stability in Mn.Mg;..O (c<0.3) single solid solution
are distinguished from that in pure magnesium oxide crystals.

The mechanisms of band formation and the radiation defects thermal stability
distinction of MnMg;_.O (c<0.3) single solid solution from pure magnesium oxide
crystals are discussed.
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METALU UN PUSVADITAJU NANOVADI UN TO ARHITEKTURAS

D. Erts', B. Polakovs', E. Saks', A. Patmalnieks', H.Olin?, J.D. Holmes®
ILUKl'miskdsﬁzikas institits, Raina bulv. 19, LV1586 Riga
*Vidus Zviedrijas universitate, Sundsvale, Zviedrija
SKorkas universitasu koledza, Korka, Irija

Nanovadiem var biit liela nozime nakotnes elektroniskajas un optiskajas ierices,
ka arT nanoelektromehaniskas sist€émas. Ultrablivu nanovadu sist€ému sintézes
realiz€Sana uz pamatnes virsmas var kalpot ka atsléega nakotnes "botTom up"
multislanu ieri¢u arhitekttiru veidoSanai.

Ar skengjoso tunelmikroskopu, kur§ savietojams ar transmisijas elektronu
mikroskopu (TEM), pétita individualu Si un Ge nanovadu struktiira, vadamiba,
mehaniskas Ipasibas. Paradits, ka individualus nanovadus var izmantot ka EPROM
(erasable programmable read-only memory) ierices.

Pétita silicija oksida un anodiz&ta aluminija oksida nanoporainas kartinas audzetu
pusvaditaju un magnétisku nanovadu struktiira un ipaSibas. Nanovadu sadalijuma un
orientacijas attieciba pret virsmu pétisanai Sais sist€mas tika izmantoti atomspéku
mikroskopi un TEM. Uz silicija pamatnes veidotas kartinas nanoporas, un Iidz ar to
nanovadi var tikt orienteti gan paraléli, gan perpendikulari virsmai. Paradits, ka Co
nanovadus saturo$ajam nanoporainajam kartinam piemit magnétiskas Tpasibas.

METALLIC AND SEMICONDUCTING NANOWIRES AND
ARCHITECTURES

D. Ertsl, B. Polyakovl, E. Saksl, A. Patmalnieksl, H.Olinz, J.D. Holmes®
"Institute of Chemical Physics, University of Latvia, Rainis blv 19, LV-1586 Riga,
Latvia
*Mid Sweden University, Sundsvall, Sweden
‘Department of Chemistry, University College Cork, Cork, Ireland

Nanowires are expected to play an important role in the future electronic,
optical, and nanoelectromechanical systems and devices. The ability to synthesise
ultrahigh density arrays of semiconductor wires on-a-chip is the key requirement for
the future ‘bottom up’ fabrication of multi-layered device architectures.

The mechanical and conduction properties and structure of individual
semiconductor and magnetic nanowires were investigated using the Scanning
Tunnelling Microscope combined with a Transmission Electron Microscope (TEM).
We demonstrated that a single nanowire can serve as an electromechanical EPROM
(erasable programmable read-only memory) device.

Silica and anodized aluminium oxide nanoporous films on a silicon substrate
were used as templates for semiconducting and magnetic nanowire growth. Using the
Atomic Force Microscope and TEM we verified that the resulting nanowires inside
the thin silica film were growing unidirectionally with desired orientation
perpendicularly or parallel to the substrate surface. Cobalt and nanowire assemblies
showed significant in-plane magnetism.
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VADOSAS SAKARTOTU Ge NANOVADU PLANAS KARTINAS

B.Po!akovsl, L.Lauksz, R.I_Jdrisz, J .Holmes3, D.Erts'
!Kimiskas fizikas institits, Latvijas universitdte
’Rigas Valsts 1. gimnazija
Korka Universitasu Koledza, Irija

Pusvaditaju nanovadu sakartotas strukturas ir perspektivs materials nakotnes
nanoelektronikas un optoelektronikas daudzslanu iericu arhitektiru veidoSanai ar
bottom up metodém. Saja darba tika pétita sakartotu nanovadu vaditspéja un to
iesp€jama izmantosana starojumu detektesanai.

Ge nanovadi tika audzeti apmeéram 50 pum biezas nanoporainas anodizéta
aluminija oksida (AAO) matricas ar superkritiska Skidruma methodi. Nanovadu
diametru nosaka AAO kartinas poru diametrs (mazaks par 100 nm). Ar Ge pildito
AAO kartinu elektrovadosas pasibas tika p&titas mikro- un makrolimeni. Individualu
nanovadu vadamiba un matricas vadamibas kartes tika iegiitas, izmantojot vadoSo
atomsp&ku mikroskopu. Vadoso nanovadu iznakums bija tuvu 100 %, kas norada uz
izmantotas audz€Sanas metodes efektivitati. Voltampéru raksturliknes un vidgja
nanovadu vaditsp&ja tika meritas, uzputinot uz kartinas Au elektrodus ar diametru 2
mm.

THIN CONDUCTIVE FILMS OF ORDERED Ge NANOWIRE ARRAYS

B.Polyakov', L.Lauks’, R.Udris?, J.Holmes’, D.Erts'
Institute of Chemical Physics, University of Latvia
2Riga State Gymnasium Nr 1
Cork University College, Ireland

Investigation of ordered semiconducting nanowire arrays is a step in the future
bottom-up engineering of multi-layered device architectures for potential
nanoelectronic and optoelectronic devices. In this work we studied the ability to use
ordered semiconducting nanowire arrays as radiation sensitive elements.

Ge nanowires were grown inside approx. 50 pum thick nanoporous Anodized
Aluminium Oxide (AAO) films using the supercritical fluid method. The diameter of
the nanowires inside the AAO was controlled by the pore diameter (<100 nm). The
electroconductive properties of these films were studied on a macroscopic and
microscopic scale. The conductivity measurements through individual Ge nanowires
and conductance mapping were performed using a conductive Atomic Force
Microscope. Almost 100 % of the nanowires were found to be conductive. The I(V)
curves and the averaged Ge nanowire conductance was measured using a 2 mm
diameter Au electrodes sublimated onto Ge filled AAO film.
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CINKA OKSIDA NANODALINU PLAZMAS UN KIMISKAS
SINTEZES METODES

J. Grabis, G. Heidemane, 1. Steins
RTU Neorganiskas kimijas institiits

Cinka oksida keramiku, cinka oksida planas kartinas plasi lieto elektronika,
bet to Tpasibas ir bitiski atkarigas no mikrostruktiiras, blivuma un piedevu sadalijuma.
Savukart Sos parametrus ietekm& izmantota cinka oksida dalipu izm@ri un
homogenitate.

Darba pétita cinka oksida nanodalinu un to kompozitu iegiiSana, iztvaicgjot
izejvielas plazmas strikla un izmantojot kimiskas sintézes metodes, kuras pamatojas
uz cinka peroksida sadaliSanu, nitratu-citratu panémienu un cinka nitrata apstradi ar
urinvielu.

Plazmas kimiska sint€z€ iegiitas diegveida ZnO dalinas, bet sisttma ZnO-
Bi,03-Sb,0s - sferiskas dalinas ar vid€jiem izm&riem 40-50 nm, kuras sastav no ZnO,
B-Bi3SbO; un BiSbO;. No kimiskam metodém nanoizméru ZnO dalinu (25-70 nm)
iegiiSanai perspektivaka metode ir cinka nitrata Skiduma apstrade ar urinvielu un
sekojosu starpproduktu sadaliSanu 350-450 °C augsta temperatira.

PREPARATION OF NANOSIZED ZnO PARTICLES BY CHEMICAL AND
PLASMACHEMICAL METHODS

J. Grabis, G. Heidemane, 1. Steins
Institute of Inorganic Chemistry, Riga Technical University

ZnO based ceramics, thin films find wide application in electronic devices, but
their electrical properties depend on microstructure, grain size, density and
distribution of dopants.

In order to improve characteristics of ZnO ceramics the preparation of ZnO
nanoparticles and composites by plasmachemical and chemical methods based on
decomposition of zinc peroxide, nitrate-citrate route, treatment of nitrate solution with
uric acid have been developed.

By evaporation of raw powders in inductively coupled plasma the whisker like
ZnO particles were obtained but in the system ZnO-Bi,03;-Sb,O3; - the spherical
nanosized particles (40-50 nm) were prepared which involved ZnO, B-Bi;SbO; and
BiSbO; phases.

Among the chemical methods as more promising was established synthesis of
ZnO by treatment of nitrate solution with uric acid with following decomposition of
products at 350-450 °C. The average ZnO particle size is 25-70 nm depending on ratio
of nitrate and uric acid.
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NANOSTRUKTURETU MATERIALU IEGUSANA, IZMANTOJOT
AUGSTAS ENERGIJAS (MeV-GeV) JONU STAROJUMU

J.Maniks, I.Manika
Latvijas Universitates Cietvielu fizikas institits, Riga, Latvija

Augstas energijas joni spgj ietriekties dzili cieta viela, izraisot ievérojamas struktiiras
izmainas un modificéjot materiala fizikali-mehaniskas 1pasibas. Aplukota jonu
starojuma izmanto$ana nanostrukturétu materialu iegfi§anai. Atro jonu implantacija ir
efektiva metode nanokompozitu veidoSanai, radot cietd viela nanoizméra defektus
(defektu agregati, jonu treki), augstas porainibas materialu un filtréjoSu membranu
izgatavoSanai, nanostrukturétu materialu iegiSanai, sajaucot komponentes divslanu un
daudzslanu sistémas, un citiem ar nanotehnologijam saistitiem pielietojumiem. P&titas
atro Bi, Pb, Ni, S jonu starojuma izraisitas mehanisko 1pasibu un struktiiras izmainas
LiF kristalos ka modela materialos. Nov@rots ieveérojams cietibas palielinasanas
efekts, kas saistams ar nanoizméra defektu agregatu veidoSanos. Paraditas
mikromehanisko metozu iespgjas jonu starojuma radito defektu agregatu telpiska
sadalijuma un veidoSanas mehanismu izp&te.
Paraugu apstarosana veikta GSI, Darmstate, Vacija.

OBTAINING OF NANOSTRUCTURED MATERIALS
BY HIGH ENERGY (MeV-GeV) ION IRRADIATION

J.Maniks, I.Manika
Institute of Solid State Physics, University of Latvia, Riga, Latvia

Energetic ions are able to penetrate deep in the solid and to create severe changes of
structure, physical and mechanical properties. This report reviews the applications of
ion-irradiation for obtaining of nanostructured materials. Ion implantation is
becoming a powerful technique for preparation of nanocomposites by creation in the
target material the defect aggregates, precipitates and ion tracks with nanoscale
dimensions, for obtaining the substrates with high inner porosity, high performance
microfiltration and ultrafiltration membranes, for obtaining the nanostructured
materials by mixing of components in bilayer or multilayer systems, and for other
applications in nanotechnologies. The changes of structure and mechanical properties
of LiF by irradiation with fast Bi, Pb, Ni, S ions are studied. Marked hardening effect
is observed, which is related to dispersion strengthening of the crystal by nanosize
defect clusters and aggregates. The advantages of the micromechanical methods for
investigation of ion-induced formation of defect aggregates and their volume
distribution are shown.
The samples were irradiated at GSI, Darmstadt, Germany.
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AIN NANOPULVERA SPEKTRALAIS RAKSTUROJUMS

L.Megnis, B.Bérzina, L.Trinklere un E.Paléevskis*
Latvijas Universitates Cietvielu fizikas institits, Kengaraga iela 8, Riga;
*RTU Neorganiskas kimijas institiits

Pedgja laika dazadas pasaules laboratorijas tiek intensivi pétiti platzonu pusvaditaji,
pie kuriem pieder ari AIN. Taja pasa laika speciala uzmaniba tiek pievérsta arl
materiala Tpasibu izmainai, kas rodas biitiski samazinot materialu veidojoso kristalinu
izmerus jeb parejot no makroskopiskiem lielumiem uz nanolielumu skalai
atbilstoSiem. Jau daudzu gadu garuma LU CFI ir pétitas AIN keramiku spektralas
ipasibas, sadarbiba ar RTU NKI, kur notiek paraugu sintéze. AIN keramikas tiek
iegiitas no AIN nanopulvera, kas ari tiek sintez€ts RTU NKI. Veikto spektralo
pétijumu rezultata ir konstatets, ka AIN keramikas luminiscenci nosaka ar skabekli
saistitu defektu klatbiitne, bez tam ir izprasts arT luminiscences mehanisms.

Saja darba spektralas Tpasibas tiek pétitas AIN nanopulveriem, kuru diametrs
neparsniedz 100 nm, un no ka ir sintez&ta ar1 AIN keramika. Pie istabas temperatiiras
ir mériti fotoluminiscences spektri un to ierosmes spektri. legiitie rezultati ir
salidzinati ar AIN keramikas raksturojumu. Ir redzams, ka ar1 AIN nanopulvera
dalinas luminiscenci rada skabekli saturosi defekti.

SPECTRAL CHARACTERISTICS OF AIN NANOPOWDERS

I.Megnis, B.Berzina, L.Trinkler, and E.Palcevskis*
Institute of Solid State Physics, University of Latvia; 8§ Kengaraga Str., Riga;
*Institute of Inorganic Chemistry, Riga Technical Universit.

During some recent decades a special interest is paid to the wide band gap
semiconductors and AIN is one of them. In the same time a special attention is also
paid to change of material features when its size is reduced from the macroscale to
nanoscale. For many years the spectral characteristics of AIN ceramics, which
belongs to macromaterials have been investigated. These investigations are performed
in collaboration with RTU IIC where the AIN are synthered from AIN nanopowders
also made in that place. The results obtained on AIN ceramics allow us conclude that
the oxygen-related defects are responsible for luminescence observed and the
luminescence mechanisms are proposed.

In the present investigation the spectral characteristics of AIN nanopowder are
studied. A diameter of each grain does not exceed 100 nm. Photoluminescence spectra
and its excitation are studed at room temperature. The results obtained are compared
with thosed of AIN ceramics. The presence of oxygen-related defects inside the
nanoparticles is observed.
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OKSIDU NANOKRISTALU LUMINISCENCES IPASIBAS

D.Millers, L.Grigorjeva
Latvijas Universitates Cietvielu fizikas institiits, Kengaraga 8, Riga, Latvija

Nanokristalos elektroniskie ierosinajumi var biit specifiskos apstaklos — ja
nonokristala izméri un elektroniska ierosinajuma Bora radiuss ir tuvi, tad elektroniska
ierosindjuma migracija ir ierobeZota, ierosinajuma apkartnes relaksacija atSkiras no
tadas makrokristala, mainas optisko pareju varbiitibas. Lidz ar to luminiscentas
ipasibas ir atkarigas no nanokristala izmeéra. Pasreiz vairuma gadijumu pétiti dazadas
matricas ievaditi nanokristali un tadel ir gruti atdalit efektus, ko nosaka parejas slanis
(interfeiss) starp nanokristdlu un matricu no tiem efektiem, kurus nosaka pats
nanokristals. Miisu pétjjuma izmantoti ZrO, un ZnO "brivi" nanokristali —
nanokristaliskie pulveri. Pétitas luminiscentas 1pasibas ar dazadam metodém iegiitiem
nanokristaliem, ka arT ar vienu metodi iegiitiem dazadu izm&ru nanokristaliem.
Paradits, ka luminiscences 1pasibas ZnO nanokristaliem ir atkarigas no iegiiSanas
metodes. Ar vienu un to pasu metodi iegiitu ZrO; nanokristalu luminiscentas 1pasibas
ir atkarigas no kristalu izmé&riem.

LUMINESCENT PROPERTIES OF OXIDE NANOCRYSTALS

D.Millers, L.Grigorjeva
Institute of Solid State Physics, University of Latvia, Kengaraga 8, Riga, Latvia

The electronic excitation in nanocrystal is under specific condition if the nanocrystal
size and Bohr radius of excitation are comparable. It means that the migration of
exciton is limited, the relaxation of environment differs from that in macrocrystals,
the probabilities of optical transition changes. Therefore the luminescence properties
of nanocrystals are size dependent. Up to now the main number of investigations are
prepared on nanocrystals embedded in different matrices. Thus, it is hard to separate
effects due to the bulk of nanocrystal from those due to interface layer. The "free-
standing” ZrO, and ZnO nanocrystals (nanocrystalline powders) were studied in the
present investigation. The ZnO nanocrystals obtained by different methods shown
different luminescence properties. The luminescence properties depend on
nanocrystal size for ZrO; if all nanocrystals were obtained by the same method.
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METALA NANOSTRUKTURU OPTISKA ATTELOSANA UN
SPEKTROSKOPIJA

J.Prikulis
Latvijas Universitates Kimiskas fizikas institits, Raina bulv. 19, LV1586 Riga.

Celmetalu struktliram ar izm&riem, kas mazaki par 100 nm, ir neparastas optiskas Tpasibas, ko
nosaka kolektivas vaditsp&jas elektronu svarstibas jeb virsmas plazmonu rezonances (SPR,
surface plasmon resonance). Ipa$i nozimiga ir $adu nanostruktiru sp&a mainit
elektromagnetiskas radiacijas sadalijjumu un sakoncentrét lauku virsmas tuvuma. Nanodalinu
optiskas izkliedes Skersgriezums rezonances gadijuma var parsniegt to geometrisko
Skérsgriezuma laukumu. RezultgjoSais lauka pastiprinajums jau ilgstoSi tiek izmantots
Ramana jeb kombingtes izkliedes spektroskopija. Nakotné $adas struktiiras iesp&jams tiks
izmantotas bioktmiskiem sensoriem un datu uzglabasanai.

Ar dazadam eksperimentalam metodém esam pétijusi metala struktiiras, kuras iesp&ams
ierosinat SPR. Ar tuva lauka optisko rastra mikroskopu (NSOM, near-field scanning optical
microscope) tika analizétas SPR koloidalas nanodalinas. To polariz€jamiba ir komplekss
skaitlis, kura faze strauji mainas rezonances tuvuma un nosaka dalinas att€lojumu NSOM. Ar
tumsa lauka (DF, dark-field) optisko mikroskopu var merit individualu nanostruktiiru gaismas
elastigo izkliedi praktiski bez fona. Salidzinot izkliedes spektrus Iidziga izméra nanodalinam
un nanoporam plana metala kartina, mes eksperimentali demonstrgjam SPR ierosinasanu
poras. Plazmonu vilni uz planas kartinas virsmas bitiski ietekm& poru SPR. Visbeidzot,
apvienojot DF mikroskopu ar optisko slazdu demonstrgjam iesp&ju notvert un manipulét
individualas metala dalinas koloidala skiduma. Izmantojot notvertu nanodalinu ka zondi, tika
noveérota SPR sarkana nobide divu dalinu tuva lauka mijiedarbiba. Paredzams, ka $T metode
radis pielietojumu nanodalinu spektroskopija un sensoros.

OPTICAL IMAGING AND SPECTROSCOPY OF METAL
NANOSTRUCTURES

J.Prikulis
Institute of Chemical Physics, University of Latvia, Rainis blv. 19 LV1586 Riga.

Noble metal structures with size in the sub 100 nm range exhibit extraordinary optical
properties due to collective oscillations of conduction electrons, the surface plasmon
resonances (SPR). The most remarkable feature of these structures is the ability to redistribute
electromagnetic radiation and concentrate strong fields near the surface. The resonant
scattering cross-section of nanoparticles exceeds their geometrical cross-section. Resulting
field “amplification” has been exploited in surface enhanced spectroscopy techniques for
many years. Future applications may include new biochemical sensors and high density data
storage.

Here we present various experimental studies of metal structures that support SPR. A near-
field scanning optical microscope (NSOM) was used to probe the phase of the SPR coupling
in colloidal nanoparticles. The phase of the complex particle polarizability changes rapidly
near resonance and is shown to have a major impact on the contrast formation in NSOM.
Using dark-field (DF) optical microscopy, elastic light scattering by nanostructures can be
studied with virtually no background. By comparing the scattering spectra of individual
nanoparticles and nanoholes in thin films we found evidence for localized dipolar SPR in
holes. However, the hole plasmons are greatly affected by delocalized surface plasmons in the
thin gold film, as shown by NSOM data. Finally, by combining DF microscopy with optical
tweezers, we could trap single colloidal silver nanoparticles in water, and use them as a local
probes. We observed a SPR red-shift when two nanoparticles were brought in a near-field
interaction, as expected from theory. We anticipate that the technique will lead to various
novel applications in nanoparticle spectroscopy and sensing.
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INDUCETAS LOKALAS POLARIZACIJAS PETIJUMI
SEGNETOELEKTRISKOS MATERIALOS AR MODIFICETU ATOMSPEKA
MIKROSKOPU

K.Kundzips, V.Zauls, A. Holkins', M. Tjunina’
LU Cietvielu fizikas institiits, ' Aveiro Universitate, > Oulu Universitdte

Ipasi izveidoti vairaku caurgdjienu atomspeka mikroskopa (AFM) izvérses
rezZimi  dod iesp&u ne tikai veikt polaru  mikroapgabalu ierakstu
relaksoru / segnetoelektriku planas kartinas ar sprieguma elektrolitografijas metodi,
bet arT nekavgjoties detektet strukturto apgabalu pjezosignalu. Misu pétijumos tika
izmantoti barija titanata BaTiO; (BT), svina cirkonata titanata PbZr( 47Ti 5303 (PZT)
un svina magnija niobata Pb(Mng33Nbos7)O; (PMN) planu kartipu paraugi un
heterostrukturas, kas iegiitas ar lazerablacijas metodi uz silicija (Si/SiO,/Ti/Pt) vai
magnija oksida (MgO) monokristaliskam pamatném.

Noverotas pjezosignalu att€lu Ipatnibas un polariz€tu nanoapgabalu elektriskas
polarizacijas histerézes cilpas planas kartinas tiks salidzinatas ar lidzigiem rezultatiem
modelmaterialu monokristalos. Nové&rotie izméru efekti var tikt izkaidroti ar defektu
klatbiitni, ladinu uzkrasanos un lokalas polarizacijas relaksaciju elektrodu tuvuma.

INVESTIGATION OF LOCALLY INDUCED POLARIZATION BY
MODIFIED ATOMIC FORCE MICROSCOPY TECHNIQUE

K. Kundzins, V. Zauls, A. Kholkine', M.Tyunina’
Institute of Solid State Physics, University of Latvia, Riga, Latvia
! Departmet of Ceramic and Glass Engineering, University of Aveiro, Portugal
? Microelectronics and Materials Physics Laboratories, University of Oulu, Finland

Operation of Atomic Force Microscope (AFM) using modified multi-pass
regimes allows direct poling of ferroelectric / relaxor thin films in voltage lithography
mode and immediate testing of local piezoresponse.

Samples under investigation were pulsed laser deposited barium titanate BaTiO;
(BT), lead zirconate titanate PbZry4;Ti9s303 (PZT) and lead magnesium niobate
Pb(Mnyg 33Nbg 67)Os (PMN) thin films and heterostructures on Si/SiO,/Ti/Pt or MgO
single crystal substrates.

Spatially resolved piezoresponse imaging of poled regions and polarization
switching hysteresis loop measurements in various granular polar ferroelectric or
relaxor thin films with and without top electrodes was made in comparison with
results for single crystals PMN and BT used as model materials. Observed
differences, electrode edge contribution and relaxation of locally induced
piezoresponse can be interpreted in terms of size effects on local polarization,
presence of defects, charge accumulation and local conductivity.
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DMABI DITIOLA ATVASINAJUMA MONOSLANU UZ Au(111) VIRSMAS
IZPETE UN MODELESANA

D.Cepitel, A.Klimkﬁnsl, I.Muzikantel’z, B.Stiller3, L.Brehmer®
! L7A Fizikalas Energétikas institits, Riga, Latvija,
? LU Cietvielu fizikas institiits, Riga, Latvija,
’Potsdamas Universitdte, Am Neuen Palais 10, D-14415, Potsdama, Vacija

Plano molekularo kartinu pielietojumu modernaja elektronika nosaka to perspektivas
optiskas un elektriskas 1pasibas. Lai izveidotu monoslanus
ar lielaku adsorbésanas sp&ju un (izteiktakam elektriskam
un optiskam 1pasibam), tiek ar1 sintez&ti un pé&titi monoslani
no DMABI molekulam ar divam tiola grupam.

N(
;2
Saja darba tiek pétiti kimiski adsorbéti DMABI molekulas @:
\
(6]

S

A

S

atvasinajuma ar disulfida grupu (DMABI-2S) monoslani uz

Au(111) virsmas. Monoslanu infrasarkanie un fluorescences

spektri [1] norada uz molekulu iesp€jamo orientaciju, kas varétu veidoties molekulam
veidojot divas S-Au saites ar Au atomiem. Monoslanu topografijas raksturoSanai tiek
izmantota atomspéku mikroskopija, bet molekulu sakartotibas modeléSanai tiek
izmantoti kvantu kimiskie aprékini.

MONOLAYERS OF DITHIOL DERIVATIVE OF DMABI ON au(111):
CHARACTERIZATION AND SIMULATION

D. Cept'tel, A.Klimkﬁnsl, I.Muzikantel’z, B.Stillerj, L.Brehmer’
!Institute of Solid State Physics, University of Latvia,
’Institute of Physical Energetics, LAS, Riga, Latvia,
Potsdam University, Am Neuen Palais 10, D-14415, Potsdam, Germany

The optical and electrical properties of organic monolayers are based on the nature
and orientation of the constituent molecules. Organic molecules with the thiol group
(SH) have strong affinity for Au and thus would bind strongly to gold surface. Among
other SAM substances, compounds with disulfide moieties have been used.

In this work, self-assembled monolayers (SAMs) of chemically adsorbed 4’-(3H-
1,2,5-dithiazepan-5-yl) benzylidene indan-1,3-dione (DMABI-2S) derivatives on
Au(111) surface have been investigated. Analysis of the IR and fluorescence spectra
of SAMs indicates the possibility of a specific tight packing of molecules [1].
Topography of SAMs has been studied using the atom force microscopy. Adsorption
of a DMABI-2S molecule to Au(111) surface has been investigated by quantum
chemical calculations.

References
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POLESANAS IETEKME UZ LADINA NESEJU FOTOGENERACLJU
POLIMETILMETAKRILATA AR 1% DMABI PIEJAUKUMU

I. Kaulaésl, A. Tokmakovsl, I. Muzikante'”
'Fizikalas energétikas institiits, Aizkraukles ield 21, Riga LV 1006,
’Latvijas Universitates Cietvielu Fizikas Institits, Kengaraga iela 8, LV-1063 Riga

Petita fotostrava izotaktiska polimetilmetakrilata (i-PMMA) ar 1% polaras
hromoforas  dimetilaminobenzilidéna  1,3-indandiona (DMABI) piejaukumu
“sandwich” veida paraugos kvarcs /Au/i-PMMA +1% DMABI/ In-Ga un kvarcs
/Au/i-PMMA + 1%DMABI/In pie T=Tijy un p<10'5 tori. Polimera slaniSa biezums
parauga bija 1-2[JmParaugi tika apgaismoti caur puscaurspidigu Au elektrodu ar
monohromatisku un 100% modulétu gaismu 380-2000nm spektra intervala. Ta ka
méramas fotostravas bija 10"*A-10""A diapozona, tad signala registréSanai izmantota
sinhrodetektéSana ar sekojoSu merijumu uzkrasanu un viduvéSanu. Ar koronas izladi
polétos paraugos fotostravas kvantu efektivitate bija par vairakam kartam lielaka neka
nepolétos un tas spektrala atkariba lidziga poliméra i-PMMA + 1%DMABI
absorbcijas spektram. Pie tam atSkiriba no nepol€tiem paraugiem, fotostravas lielums
un virziens bija praktiski nemainigs un neatkarigs no pielikta argja elektriska
sprieguma lieluma un virziena +10V - -10V diapazona. Tas liek domat, ka pol&tos
paraugos eksist€ liels elektriskais lauks, kas daudzkart parsniedz pielikto argjo lauku.
Pie tam Sis lauks saglabajas pat noisinot paraugu uz vairakiem méneSiem. Tatad
polgjot ar koronas izladi poliméra slaniti izveidojas telpas ladins, kas glabajas
lamatas, kuru dzilums iesp&ams parsniedz 2,2eV, kas bija novérotas fotostravas
spektrala sliek$na energija.

INFLUENCE OF POLING ON CHARGE CARRIER PHOTOGENERATION
IN POLYMETHYLMETHAACRYLATE DOPED WITH DMABI

I.Kaulachl, A. Tokmakovl, I. Muzikante?
!Institute of Physical Energetics, Aizkraukles Str. 21, Riga LV 1006
*Institute of Solid State Physics, University of Latvia, Kengaraga Str .8, LV-1063 Riga

The photocurrent of isotactic polymethylmethacrylate (i-PMMA) doped with 1% of
polar chromofore dimethylaminobenzylidene 1,3 - indandione (DMABI) sandwich type
samples quartz /Au/i-PMMA + 1% DMABI/In -Ga and /quartz /Au/i-PMMA + 1%
DMABI/In have been investigated at room temperature and vacuum p<l0 > Tor. The
thickness of polymer film was 1-2 [Jm. The samples were illuminated by 100% modulated
monochromatic light via semitransparent bottom Au electrode in the 380-2000nm spectral
range. As the photocurrent was only 10" A- 10"7A small, the synhrodetection with the
subsequent date storage have been used to measure it.

The photocurrent for samples poled by corona — discharge was considerably larger than
it for unpoled ones and its spectral dependence was similar to polymer i — PMMA + 1%
DMABI electron absorption spectrum.

Opposite to unpoled samples its magnitude and direction was practically independent on
applied external voltage in the — 10V to +10V range. So it seems that poled samples have
their own internal electric field, which strongly exceeds an applied external one. This internal
field remains even after grounding the electrodes for several months. So at poling samples by
corona discharge the space charge is created in polymer film and it occupies very deep charge
carrier traps.

The depth of these traps is possibly greater than 2,2eV, which is spectral threshold
value for observed photocurrent.
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DMABI MOLEKULU VISPAREJA OPTISKA ORIENTESANA UN
NELINEARO OPTISKO IPASIBU PETIJUMI POLIMERA MATRICA

A.Vembris'"?, A.Tokmakovs', .Muzikante'?, A.Apostoluks, J.M.Nunzi®
'Fizikalas Energetikas institiits, Aizkraukles ield 21, Riga LV 1006, Latvija
Latvijas Universitates Cietvielu fizikas institiits, Kengaraga iela 8,

Riga LV-1063, Latvija
? Anzé universitates POMA laboratorija, 2 Bd Lavoisier 49045, Anzé, Francija

Daudzam organiskam vielam piemit nelinearas optiskas (NLO)
ipaSibas, kuras raksturo konkreto vielu un So vielu molekulu
novietojumu, piem., poliméra matrica.
sakartot, izmantojot koronas izlades vai vispargjas optiskas (VO)

orientéSanas metodes.

Molekulas ir iesp&jams

Darba petitas 1wt% DMABI molekulas (1.zim.), kuras ievietotas
polimetilmetakrilata (PMMA) kartina, izmantojot lieSanas metodi. VO

orienté$ana un otras harmonikas generacijas efekta pétiSana izdarita ar

Figure 1

Nd:YAG lazeru, paraugu apgaismojot ar 532 nm un 1064 nm gaismu. Optiski tiek
orientetas DMABI molekulas, jo PMMA molekulu absorbcija $aja vilpu garuma ir
daudz mazaka. DMABI molekulas paklaujas VO orientéSanai un tam piemit NLO

pasibas (2.zim.).

ALL OPTICAL POLING AND STUDIES OF NONLINEAR OPTICAL
PROPERTIES OF DMABI MOLECULES IN POLYMER MATRIX

A.Vembris'?, A.Tokmakovs', .Muzikante'?, A.Apostoluks, J.M.Nunzi®
"Institute of Physical Energetics, Aizkraukles Str. 21, Riga LV 1006, Latvia
*Institute of Solid State Physics, University of Latvia, Kengaraga Str. 8,

Riga LV-1063, Latvia
? Laboratory of POMA, University of Anger, 2 Bd Lavoisier 49045, Anger, France

Many organic compounds have nonlinear optical (NLO) properties, which
characterize the orientation of molecules, for example, in polymer matrix. Corona
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poling or all optical (AO) poling is
applied to orient polar molecules. The
studies of 1wt% DMABI molecule
(Fig. 1) are presented in this work.
The films were prepared as polymer
doped systems by solvent casting.
Poly (methylmetacrylate) (PMMA)
was applied as polymer. For AO
poling and second harmonic
generation (SHG) Nd:YAG laser was
used. The sample was irradiated at
wavelengths 532 nm and 1064 nm.
Absorption of PMMA molecules in
this wavelength is low in comparison
with DMABI molecules, which

photoinduced intramolecular electron transfer occurs at around 480nm.
Results of SHG studies confirm possibility to orient DMABI molecules by AO
poling and presence of SHG effect in polymer thin film (Fig. 2).
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FAZES JUTIGA OTRAS OPTISKAS HARMONIKAS GENERACIJAS
METODE NELINEARI OPTISKU ORGANISKU MOLEKULU
ANSAMBLU ORIENTACIJAS PETIJUMIEM

V.Zauls, C. Fluerarul, S. Sraders’
LU Cietvielu fizikas insitiits
"Molekularo zindtnu institiits, Otava, Kandda
2Fizikas institiits, Potsdamas universitate, Vicija

Tradicionala otras optiskas harmonikas generacijas (OHG) polarizacijas metode
nelineari optisku organisku molekulu orientacijas pétijumiem var tikt modificéta,
ievietojot stara cela papildus koherentu OHG vilgu avotu un reguléjamu dispersivu
aiztures elementu. Mainot So aizturi, iesp&jams noverot atbalsta vilna interferenci ar
parauga OHG signala vilni un tada veida noteikt parauga generéta signala fazi, ka ari
izsekot tas izmainam dazadu argju faktoru iedarbiba. Sadas optiskas fazes jutigas (FJ)
OHG detektéSanas metodes iesp€jas nodemonstrétas, izmantojot par paraugu 2-
docosilalamino-5-nitropiridina (DCANP) molekulu orienteétu daudzslanu Lengmira-
BlodzZetas kartinu. Tiks apspriestas FJ OHG metodes pielietojuma iespéjas cita veida
skartotam molekularam strukiram un sagaidamie efekti.

INVESTIGATION OF NLO MOLECULAR ARRANGEMENTS BY
PHASE SENSITIVE OPTICAL SECOND HARMONIC GENERATION

V.Zauls, C. Fluerarul, S. Schrader?
Institute of Solid State Physics, University of Latvia
! Steacie Institute for Molecular Science, Ottawa, Canada
? Institute of Physics, University of Potsdam, Germany

Capabilities of traditional polarized optical second harmonic generation (SHG)
techniques for determination of orientation of non-linear optical (NLO) organic
molecules can be extended by introducing additional coherent reference second
harmonic wave source and variable optical delay element into the detector path to
perform phase sensitive (PS) SHG measurements of the sample signal. Perfection of
dipolar alignment and absolute orientation in multi-layered Langmuir-Blodgett
sample of 2-docosylamino-5-nitropiridyne (DCANP) molecules deposited by one
directional dipping has been studied as example. Possible applications of PS SHG for
studies of other molecular arrangements and expected effects will be discussed.
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FOTOIZOMERIZACIJAS PROCESI AZOBENZOLA ATVASINAJUMU
PLANAS KARTINAS

A.Tokmakovsl, A.Vembrisl’z, L.Gercal, I.Muzikantel’z, E.Laizﬁnez,
E.Markava’, D.Gustina®
'Fizikalas Energétikas institits, Aizkraukles iela 21, Riga LV 1006, Latvija
’Latvijas Universitates Cietvielu Fizikas Institits, Kengaraga iela 8,
LV-1063 Riga, Latvija
SLatvijas Organiskas sintézes institiits, Aizkraukles iela 21, LV 1006, Riga, Latvija.

Attistoties mikroelektronikai liela interese tiek pievérsta vielam ar atgriezeniskam
fotoizomerizacijas ipasibam. Darba pétits azobenzola
atvasinajums N,N-dicikloheksyl-4-[4-(6-merkapto-

heksiloksi)-fenilazo]benzolsulfonamids (As-6), kuram N*SOZ@N:NQ(’*@@FSH
ir izteikts fotoizomerizacijas efekts, un nepaklaujas
fotooksidésanas procesiem. As-6

Iwt% As-6 molekulas tika iejauktas izotaktiska

polimetilmetakrilata (i-PMMA) matrica un ar lieSanas metodi uzklata uz kvarca stikla
pamatnes.

Darba tika petitas kartinu optisko ipaSibu izmainas, fotoizomeriz&jot molekulas. Paraugu
apgaismoja ar ksenona lampu caur dazadu vilpu garumu interferences filtriem, lidz optiska
blivuma vertiba galvenaja maksimuma pie 360nm sasniedza fotostacionaru stavokli.

Lai noskaidrotu procesa atgriezeniskumu, veica atkartotu parauga gaismoSanu pie dazadiem
vilpu garumiem 350-450nm spektrala rajona. Rezultati parada, ka fotostacionara stavokla
absorbcijas vertiba 360nm josla ir atkariga no apgaismota vilpu garuma un ir nemainiga to
vairakkartigi apgaismojot (skat. 1. Zzim&umu). Tas liecina, ka 1wt% As-6 + i-PMMA kartinas
optiska blivuma izmainas galvenokart nosaka As-6 molekulas cis —trans fotoizomerizacija.

PHOTOISOMERIZATION PROCES IN THIN FILMS OF AZOBENZENE
DERIVATIVES

A.Tokmakovsl, A.Vembrisl’z, L.Gercal, E.Laizﬁnez, I.Muzikantel’z,
E.Markava® , D.Gustil,la3
Institute of Physical Energetics, Aizkraukles Str. 21, Riga LV 1006, Latvia
*Institute of Solid State Physics, University of Latvia, Kengaraga Str .8,
LV-1063 Riga, Latvia
3Latvian Institute of Organic Synthesis, Aizkraukles str. 21, LV 1006,Riga, Latvia

Materials with photoisomerisation properties are of great importance for development of
microelectronics. We investigate novel
azobenzene derivative N,N-dicyclohexyl-4-[4-

2,:; S LA e M A (6—mercapt0—hexyloxy)—phenylazo]
o1s £ 3 benzenesulfonamide (As-6). As-6 molecules
014 £ 452 457 possess reversible trans/cis photoisomerization
a3 e Tl effect.
0,12 ;" / = . . . .
3 ok \ Do, “ 0’ E 1wt% As-6 molecules were mixed with isotactic
CEe Mg Mg i E i
o0 T L 7 - pqu(methyl methacrylate)(i-PMMA) and casted
009 £ & \I N TR thin films were prepared on quartz glass
0,08 " 3 . . .
007 E OO OO OO vt WO POOE: substrates. Sample was irradiated in spectral
0 10 20 30 40 50 60 70 80 90 100 110 120 region between 350 and 450nm with xenon
Figure 1. lamp, using different interference filters. Sample

was irradiated until photostationary value of
absorbance at 360nm was achieved. The values of absorbance at 360nm depend on irradiation
wavelength and hold constant on irradiation cycles (see Figure 1). According to the results we
may assume that photoinduced processes are mainly caused by photoisomerisation of As-6
molecules.
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NIKELA UN FLUORETA VARA FTALOCIANINA PLANO KARTINU
ELEKTRISKAS IPASIBAS OZONA UN AMONJAKA VIDE

R.Dobulﬁns]’z, E.Fonavs]’z, I.Muzikantel’z, A.Tokmakovz, M.Bouvet’
'LU Cietvielu fizikas institiits, Riga, Latvija,
’LZA Fizikalas Energétikas institits, Riga, Latvija,
3Ne0rganiskds kimijas un molekularo materialu lab., P.M.Kirt universitdte,
Parize, Francija

Planas ftalocianinu (Pc) sublimétas kartinas novéro fizikalo ipasibu izmainas dazadu
gazu vide. Metalisko Pc plano kartinu elektrovadamiba mainas absorb&jot oksid€josas
vai reducgjosas gazes. Viena no oksid€josam gazem ir ozons (O3), kura koncentracijas
noteikSana ir butiska pie atmosferas piesarnojuma noveért€Sanas. Darbs ir veltits Pc
atvasinajumu plano kartinu elektrisko 1pasibu pétijjumiem atkariba no O3 un NHj.
Viens no savienojumiem ir plasi izmantotais nikela ftalocianins (PcNi), kuram ir p-
tipa elektrovaditsp&ja un jaunsintezetais fluorétais vara ftalocianins (FsPcCu), kam ir
n-tipa elektrovaditspéja.

Plano kartinu elektriskas 1pasibas pétija ar elektrovadamibas mainu virsmas paraugos,
izmantojot Au elektrodus. Virsmas potenciala izmainu meérija ar Kelvina zondes
metodi.

O3 vid€ noveéro virsmas potenciala picaugumu PcNi un samazinasanos FsPcCu planas
kartinas. N, pliisma novéro atgriezenisku procesu. Savukart elektrovadamibas mainu
O3 vide novero tikai PcNi kartinas, bet FsPcCu kartinas elektrovadamiba palielinas
reducgjosas gazes (NH3) vide.

INVESTIGATION OF ELECTRICAL PROPERTIES OF METAL
PHTHALOCYANINES IN THE PRESENCE OF OZONE AND AMONIA

R.Dobulans]’z, E.Fonavs]’z, I.Muzikantel’z, A.Tokmakovz, M.Bouvet’
"Institute of Solid State Physics, University of Latvia,
*Institute of Physical Energetics, LAS, Riga, Latvia,
3 Laboratory of Inorganic Chemistry and Molecular Materials,
Pierre & Marie Curie University, Paris, France

Vacuum-evaporated thin films of phthalocyanine (Pc) derivatives have been studied
for chemical sensing to gases. The changes of electrical properties of metal Pc can be
influenced by absorption of oxidation or reducing gases on film. Ozone (O3) is an
important oxidizing agent present in the atmosphere.

In these studies nickel phthalocyanine (PcNi) as p-type material and fluorinated PcCu
(FsPcCu) as n-type material was used. The variation of the density of charge carriers
due alternate exposing to the ammonia NH3; and O3 was studied by the technique of
the Kelvin probe and in-plane electrical conductivity. Thin films of PcNi and FsPcCu
were prepared by vacuum evaporation. For surface potential measurements samples
were prepared on glass substrate coated with gold film. Electrical conductivity was
measured of in-plane samples with Au electrodes.

Surface potential increases under ozone for NiPc but decreases in the case of FgPcCu.

Conductivity measurements carried out on the same films allowed to show that in-
plane conductivity of NiPc increases under O; and decreases under NHs;. On the
contrary, F'§PcCu the increase of in-plane conductivity is observed only under NHj.
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OPTISKA SPEKTROSKOPIJA UN
LUMINISCENCE
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GAISMU EMITEJOSAS DEFEKTU REAKCIJAS
SILICIJA DIOKSIDA STIKLOS

A.Silin§
LU Cietvielu fizikas institiits, Kengaraga 8, Riga, LV —1063

Radiacijas un foto- induc€tie defekti stiklveida silicija dioksida ir stabili pie
zemam temperatiram, kad tie nav sp&jigi kustéties stikla tikla. Paaugstinot
temperatiru dazi defekti sak kustSties un reagét ar citiem defektiem, tada veida
atjaunojot pirmsradiacijas situaciju. Sads process ir labi izpétits stiklveida dioksida
stikla ar lielu hidroksila saturu, kuru apstaro ar augstas energijas fotoniem (7,9¢V) pie
$kidra slapekla temperatiiras. Sadas iedarbes rezultata O-H saites tiek sarautas un
veidojas stabili netiltina skabekla atomi un starpmezgla tdenraza atomi. Kad
temperatiiru paaugstina 1idz 100K tdenraza atomi sak kust€ties un savienojas atpakal
ar netiltipa skabek]a atomiem atjaunojot hidroksila grupas. So reakciju pavada
sarkanas gaismas emisija ( 1,9eV), kura ir raksturiga netiltina skabekla atomiem.
Lidziga luminescence paradas ari pie temperatiram virs 200K, kad tdenraza
molekulas klust kustigas. Luminescences ierosmes mikromehanisms tiek izstradats.
Netiltina skabekla atomu reakcija ar triskoordin€tiem silicija atomiem ari izsauc
luminescenci redzamas gaismas rajona.

LIGHT EMITTING DEFECT REACTIONS IN FUSED SILICA

A.Silins
Institute of Solid State Physics, University of Latvia
8 Kengaraga St., Riga, LV —1063, Latvia

Radiation and photo-induced defects in fused silica are stable at low temperatures
when they are not able to move in the glass network. With the increase of the
temperature some defects are becoming movable and restoration of pre-radiation
situation in the glass network occurs. Well know example of such process happens in
“wet” synthetic fused silica irradiated at liquid nitrogen temperature with high energy
photons (7,9 eV). By this irradiation O-H bonds are broken in the hydroxyl groups
leading to the formation of non-bridging oxygen atoms and hydrogen atoms When the
temperature is increased to 100K hydrogen atoms are becoming movable and react
back with non-bridging oxygen atoms restoring bonded hydroxyl groups. This
reaction is accompanied with the emission of red (1,9 eV) luminescence characteristic
for the non-bridging oxygen atoms. Micro mechanism of the non-bridging oxygen
atoms excitation in this reaction is under development. Similar luminescence appears
also at temperatures above 200K when hydrogen molecules become movable in the
glass network and react with non-bridging oxygen atoms. Reaction of non-bridging
oxygen atoms with tree-fold—coordinated silicon atoms also leads to the visible
luminescence.
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STARPMEZGLU SKABEKILLA ATOMI RADIACIJAS
PROCESOS SiO; STIKLA

L. Skuja', K.Kajihara®, H.Hosono’, M.Hirano’
'LU Cietvielu Fizikas Institiits
*Tokijas Tehnologiskais Institiits

No visiem optika izmantojamiem stiklveida materialiem, vislabaka noturiba pret jonizgjoso, dalinu un
ultravioleto radiaciju ir SiO, stikliem. Lidzigi ka vairuma oksidu materialu, viens no galvenajiem radiacijas
punktdefektiem ir skabekla vakance, kam ir veltits daudz p&tijumu. Turpretim tai komplementara defekta,
starpmezglu skabekla atomu Tpasibas un to daliba radiacijas procesos ir vaji izprastas. Miisu darba mérkis bija
paradit, ka daudzveidigajos radiacijas procesos, kas notiek stiklveida SiO, 300 - 400 C temperatiiru rajona,
ieveérojamu lomu spélé kustigi starpmezgla skabekla atomi.

Starpmezgla skabekla atomus ir griti spektroskopiski novérot tiesa veida: tiem (iesp&jams) ir tikai vaja
absorbcijas josla spektra vakuuma UV dala, kas ir paredz&ta teorétiski, bet nav eksperimentali precizi
identificéta. Tapéc to detektéSanai var tikt izmantots fakts, ka spektroskopiski detekt€jamas ir 3
virsstehiometriska skabekla formas SiO,: starpmezglu O, molekulas, peroksida radikali =Si—O—O°, un norautas
skabekla saites (netiltina skabekli) =Si—O°. Kustiguma detektéSanai tika izmantotas starpmezglu skabekla
atomu radiSana 2 procesos: 1) starpmezglu O, molekulas F, lazera (7.9 eV) fotolizes reakcija, 2) peroksidu
radikala 5 eV UV fotolizes (KrF lazers vai Xe lampa) reakcija. Tika paradits, ka $adi apstarotus paraugus
atlaidinot pie temperatiiram augstakam par 300C, notiek sinhrona peroksida radikalu koncentracijas augSana un
netiltina skabekla atomu koncentracijas samazinasanas. Kombinacija ar sekojosu KrF lazera apstaroSanu Sis
process ir atgriezenisks, un to ir iep&jams daudzkartigi atkartot. Lidz Sim tika uzskatits, ka peroksida radikalu
augSana termiskas atlaidinaSanas procesa ir saistita ar molekulara skabekla diftiziju un ta reakciju ar silicija
norautajam saitém (O, + =Si' — =Si—0-0"). ST darba rezultati liecina, ka galvenais kustigais agents ir
starmezglu skabekla atomi. Teorétiskie aprekini paredz, ka "starpmezglu" skabeklis faktiski iebuivgjas stikla tika
kopa ar tiltina skabekli, izveidojot =Si—O—O-Si= saiti (peroksida tiltinu). Noverotais zemais starpmezglu O
kustigums pie istabas temperatiiras ir saskana ar $adu strukturalu modeli.

OXYGEN INTERSTITIALS IN RADIATION PROCESSES IN
GLASSY SiO;,

L. Skuja', K.Kajihara®, H.Hosono’, M.Hirano’
'nstitute of Solid State Physics, University of Latvia, Riga, LV1063 Latvia
’Tokyo Institute of Technology, Yokohama 226-8503, Japan.

Among optical glasses, glassy silicon dioxide (silica) shows a superior resistance against particle-,
ionizing and ultraviolet radiations. Similarly to many other oxide materials, the oxygen vacancy is one of the
most studied defects in silica. In contrast, the properties of its complementary defect, the interstitial oxygen
atom, and its role in radiation processes in silica are relatively poorly understood. The purpose of this study was
to demonstrate that interstitial oxygen atoms play an important part in defect annealing processes in silica
typically occurring in the 300- 400 C temperature region.

Interstitial oxygen atoms are hard to observe spectroscopically in a direct way: they (probably) have
only a weak optical absorption band in vacuum UV part of the spectrum. This band was predicted theoretically
and is only tentatively confirmed experimentally. Therefore, it was detected indirectly, by monitoring three
forms of superstoichiometric oxygen in SiO,: 1) interstitial O, molecules, 2) oxygen dangling bonds =Si—O® and
3) peroxy radicals =Si—O—0O°. Interstitial O atoms were created in two ways: by F, laser (7.9 ¢V) photolysis of
interstitial O, and by 5eV (KrF laser or Xe lamp) photolysis of peroxy radicals. It was found that when the
samples prepared in this way were heated above 300C, a growth of the peroxy radicals takes place
simultaneously with a commensurate decrease of the concentration of dangling oxygen bonds. This process is
reversed by a subsequent 5 eV irradiation and can be repeated many times.

Up to now it was generally believed that the creation of peroxy radicals is due to a diffusion-controlled
reaction between interstitial O, molecules and silicon dangling bonds (O, + =Si* —— =Si—0-0°). The results of
the present work show that the dominant reaction responsible for the creation of peroxy radicals occurs between
oxygen dangling bonds and interstitial oxygen atoms. The published calculations indicate that interstitial oxygen
atoms in silica glass network should exist as peroxy linkages (=Si—O—O-Si= bond). The observed low mobility
of interstitial O at room temperatures is in agreement with such structural assignment.
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ELEKTRONU STARU APSTAROTA SILICIJA DIOKSIDA PETIJUMI:
LUMINISCENCE, INDUCETA ABSORBCIJA UN TILPUMA IZMAINAS

A. Truhins™®, K. Hots", A.-S. Zakeline”, B. Pumeleks”
“Institute of Solid State Physics, University of Latvia,
Kengaraga St.8, LV-1063 Riga, Latvia
bPhySico-Chimie de l'Etat Solide, Bat. 414, Université Paris Sud,
Orsay 91405 France

Petita elektronu kila izraisita luminiscence un radiacijas bojajumi kristaliska kvarca ar
germanija piemaisijumu, tira silicija dioksida ar dazadu skabekla triikuma Itmeni, ka ari
silicija dioksida planas kartinas uz silicija pamatnes. Luminiscences un optiskas absorbcijas
mérfjumi tika veikti istabas temperatiira. Radiacijas bojajumu Skérsgriezums tika registréts ar
interferometra palidzibu. Tika novéroti sekojosi efekti:

1. Eksperimenta apstakl]os radiacijas ietekm& netika atrasta kristaliska kvarca Ge centru
transformacija uz kvarca stiklam raksturigiem Ge centriem neskatoties uz noveéroto amorfas
fazes veidoSanos . Pie nelielam apstaroSanas dozam tika novérots tilpuma pieaugums. Pie
lielam dozam apstarotaja vieta paradas bedrite.

2. Silicija dioksida planas kartinas ir noverota netiltina skabekla un skabekla deficita centru
luminiscence, kura apstarosanas laika aug praktiski no nulles Itmena.

3. Skabekla deficita centru luminiscence kvarca stikla paraugos ir novérojama, sakot ar
mazam dozam, tai nedaudz augot stehiometriskos paraugos un samazinoties
nestehiometriskos paraugos. Apstarotaja vieta paradas bedrite jau péc nelielam apstaroSanas
dozam. Sildot paraugu lidz 1000 C bedrite izzud, radot, ka bedriti apstarota vieta rada
materiala sablivéSana nevis ta zudumi.

Vienlaikus ar tilpuma sablivésanos tika novéroti elektronu starojuma raditi punktveida defekti
(SiODC, NBO un E’ centri).

LUMINESCENCE AND IRRADIATION DAMAGE OF SILICON DIOXIDE
BY ELECTRON BEAM

A. Trukhin™”, C. Haut®, A.-S. Jacquelineb, B. Poumellec”
“Institute of Solid State Physics, University of Latvia,
Kengaraga St.8, LV-1063 Riga, Latvia
bPhySico-Chimie de l'Etat Solide, Bat. 414, Université Paris Sud,
Orsay 91405 France

Luminescence and radiation damage under electron beam of germanium-doped crystalline o-
quartz, pure silica glass with different deficiency of oxygen and thin film of silicon dioxide on
silicon were studied. Luminescence and optical absorption spectra were measured at room
temperature. The profile of the radiation damage was measured. The main effects are:

1. The transformation of the Ge center in crystal to the Ge related oxygen deficient center
(GeODC) of glassy state was not found in spite of observation of an amorphous phase of the
irradiated germanium doped o-quartz crystal. At small dose (0.1 C/cm?) an expansion of the
irradiated volume was observed. At high dose (>1 C/cm?) a dilatation of the irradiated surface
takes place.

2. In thin film of amorphous silicon dioxide on silicon the bulk NBO and the SiODC
luminescence grows practically from a negligible initial level.

3. Pure silica samples with a different level of oxygen deficiency provide luminescence of
SiODC centers under e-beam already at a low dose. Strongly deficient sample gives decrease
of SiODC luminescence with dose, whereas more stoichiometric sample gives increase of
luminescence with dose. The observed dilatation of the surface could be restored after heating
to 1000 C. Therefore it is connected with densification of the irradiated volume. The CL
spectrum of pure silica has additional red band of the NBO, when densification occurs.
Therefore, beside densification of silica glass volume the three principal centers are
recognized through absorption and luminescence in radiation processes under electron beam.
These are: SiODC, NBO and E’ center.
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PASVIELAS UN PIEMAISIJUMU LUMINISCENCES PROCESI AIN
KERAMIKA UN NANOSTRUKTURAS

L.Trinklerel, B.Bérzil,lal, Shi Shih Chenz, M.Benabdesselam® , P.Iacconi’
"Latvijas Universitates cietvielu fizikas institits, Riga, Latvija
’Nicas Universitate, Nica, Francija
STaivanas Nacionala Universitate, Taivana

Tiek salidzinatas spektralas Ipasibas diviem dazadiem aluminija nitrida materialiem:
keramikai un nanostruktiram. Fotoluminiscences, termoluminiscences un optiski
stimulétas luminiscences mérjjumu rezultati norada uz luminiscences 1pasibu Iidzibu
abos objektos, kuru nosaka ar skabekli saistitie centri. Vienlaicigi ir noverojama
atSkiriba luminiscences procesu ierosinasanas spektros, kas liecina par dazadiem
ierosinajuma energijas parneses mehanismiem, kuri ir atkarigi no materialu struktiiras
un piemaisijumu koncentracijas.

PROCESES OF INTRINSIC AND IMPURITY-RELATED LUMINESCENCE
IN AIN CERAMICS AND NANOTIPS

L.Trinklerl, B.Bérzinal, Shi Shih Chenz, M.Benabdesselam3, P.Iacconi’
Instituteof Solid State Physics, University of Latvia, Riga, Latvia
2nTs . . .
Nice University, Nice, France
3Taiwan National University, Taiwan

Spectral properties are compared for two aluminum nitride materials — ceramics and
nanotips. Results of photoluminescence, termoluminescence and optically stimulated
luminescence measurements show that both materials reveal similar luminescence
properties, determined by participation of oxygen-related defects in the luminescence
processes. In the same time there is observed a difference in luminescence excitation
spectra, which speaks in favour of different excitation energy transfer mechanisms,
which dominate in each material depending on its structure and impurity contents.
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BORA NITRIDA NANOMATERIALA SPEKTRALAS IPASIBAS

B.Bérzina*, L.Trinklere*, R.Krutohvostovs*, R. T. Williams', D. L. Carroll ™
*Latvijas Universitates Ciervielu fizikas institits, Kengaraga iela 8, Riga,
"Department of Physics, Wake Forest University, 27109, Winston-Salem, NC, USA;
INanotechnology Center, Wake Forest University

Bora nitrids ir viens no perspektiviem platzonu materialiem, kas var kristaliz&ties
vairakas struktiiras, no kuram vairak pazistamas ir heksagonala (h-BN) un kubiska (c-
BN) struktiira. P&dgja laika liela uzmaniba ir veltita tiesi sint€tiskam c-BN sakara ar ta
pielietojamibu optoelektronika. Taja pasa laika arvien aktualaka klist materialu
Ipasibu izzinaSana, ja to izmeri atbilst nanopasaulei un ir mérami nanometros. Pedgjos
gados LU CFI ir veikti kompleksi spektralie pétijumi Japana sintezéta c-BN keramika.
Patreiz mes sakam nanomateriala spektralos p&tijumus.

Wake Forest Universitates Nanotehnologiju centra ir iegiitas BN nanocaurules,
kas ir pétitas, lietojot tune]lmikroskopu un spektralas metodes. Ir noteikts nanocaurulu
diametrs ~ 5 nm un aizliegtas zonas platums, kas atrodas intervala 4.5 - 4.8 eV . Sis
nanomaterials ir c-BN un h-BN maistjums. Pasreizgja pétijjuma uzdevums ir veikt
precizu luminiscences un ierosmes spektru mérijjumus, lai varétu méginat izvertet
dazadas BN modifikacijas, nemot vera atskirigos aizliegtas zonas platumus.

SPECTRAL CHARACTERISTICS OF SOME BORON NITRIDE
NANOMATERIALS

B.Berzina*, L.Trinkler*, R.Krutohvostov*, R. T. WilliamsT, and D. L. Carroll™
*Institute of Solid State Physics, University of Latvia;
8 Kengaraga Str., LV-1063, Riga Latvia.
"Department of Physics, Wake Forest University,
27109, Winston-Salem, NC, USA
*Nanotechnology Center, Wake Forest University.

Boron nitride is one of the prospective wide band gap materials, which can
crystallizes in several modifications from which the hexagonal (h-BN) and cubic (c-
BN) are more interesting. During recent decades a special interest is paid to synthetic
c-BN, which is promising for use for optoelectronic devices. In the same time a high
interest is paid to a change of material properties when reducing the size from macro
crystalline to nanoscale. During some recent years the spectral characteristics of
macromaterial — c-BN ceramics (made in Japan) have been studied in ISSP LU. At
present an investigation of BN nanomaterials is started.

In the Nanotechnology Center of Wake Forest University, multi-walled BN
nanotubes (mwnt-BN) have been grown by an arc generator method and characterized
with tunneling microscopy and spectroscopy, finding band gaps between 4.5 and 4.8
eV for tube diameters above 5 nm. This BN nanotube material is a mixture of mwnt-
BN and h-BN. We will report preliminary results of investigations of the mixed
sample using excitation energy dependence of the photoluminescence spectra to
attempt isolation of the luminescence due to nanotubes, based on band gap.
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MAKSLIGO DIMANTU SPEKTRALAS IPASIBAS

A.Auzina, L.Trinklere, B.Berzina, M.Benabdeselam* un P.Iacconi*
Latvijas Universitates Cietvielu fizikas institits, Kengaraga ield 8, Riga;
*University of Nice-Sophia Antipolis; 06108-Nice, France.

Dimants ir viens no perspektiviem pusvaditajiem, kas pieder pie platzonu
materialiem, un kam piemit virkne 1pasibu, kas atlauj So materialu pielietot dazadam
optoelektronikas vajadzibam. Ir sastopami gan dabigie dimanti, gan arT ar dazadam
metodém sintez€ti dimanti. Materiala 1pasibas liela méra nosaka taja esoSie defekti,
kas veido savus energijas Iimenus aizliegtaja energijas zona un var tikt pétiti ar
spektralam metodém.

Saja darba ir pétita maksligi sintezéts HPHT dimants, kuram pie istabas
temperatiras ir veikti spektralie m&rijjumi. Ir petiti optiski ierosinatas luminiscences
un tas ierosmes spektri. legiitie rezultati ir salidzinati ar jau iepriekS iegltiem
rezultatiem dabigajos dimantos (no Jakutijas kolekcijas).

SPECTRAL CHARACTERISTICS OF SOME SYNTHETIC DIAMONDS

A.Auzina, L.Trinkler, B.Berzina, M.Benabdeselam* and P.Iacconi*
Institute of Solid State Physics, University of Latvia; 8§ Kengaraga Str., Riga
*University of Nice-Sophia Antipolis; 06108-Nice, France.

Diamond is one of prospective wide band gap semiconductors, which characteristics
made it promising for optoelectronic devices. Besides the natural diamonds there are
several types of synthetic diamonds made by different synthesis methods. The
properties of each material in a large extent depend on variuos defects of the material
forming energy levels inside the band gap. Therefore, the optical methods of
investigation based on luminescence measurements can be used.

The present investigations are carried out on HPHT synthetic diamond.
Photoluminiscence spectra and its excitation spectra are examined at room
temperature. The results obtained are compared with those from natural diamond
(from Yakutia collection) obtained previously.
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TERMOSTIMULETIE REKOMBINACIJAS PROCESI
LiBaF; KRISTALOS

I. Gromuls?®, P. Kilis*, I. Tale®, M. NikI”, N. Ichinose®, K. Shimamura®
* Latvijas Universitates Cietvielu fizikas institiits
® Cehijas Republikas Zindtpu Akadémijas Fizikas institiits, Praga
¢ Vasedas Universitates Materialu zindtnes un tehnologijas laboratorija, Tokija,
Japana

Darba peétiti radiacijas defektu rasanas pie 10 K un termostimulétas rekombinacijas

procesi LiBaF; kristalos ar optiskas absorbcijas, termostimulétas (TSL) un

frakcionétas termostimulétas luminiscences metodém. Ar X-stariem raditie defekti
atdedzinas daudz stadiju procesa pie 20, 46, 105, 130, 170, 210 un 270 K. Izmantojot
starpibas starp absorbcijas spektriem méritiem pirms un pec TSL maksimumiem

iegiitas rekombinacijas partneru iesp&jamas absorbcijas joslas. Nemot véra zinamas F-

centru absorbcijas joslas un datus par rekombinacijas procesu “zimi’’ noteikts:

e 20K TSL maksimumu nosaka H-centru delokalizacija, H-centri raksturojas ar
3,8 eV absorbcijas joslu ar pusplatumu 1,1 eV.

e Autolokalizé€tu caurumu termostimul&tas migracijas tunela rekombinacija nosaka
TSL maksimumus pie 105 unl30 K. Divu TSL piku paradiSanas Vg-centru
delokalizacijas rajona norada, ka ta notiek gan ar 60°, gan ar 90° migracijas
lecieniem. Vg-centru absorbcija raksturojas ar divam joslam pie 3,2 un 4,3 eV.

THERMOSTIMULATED RECOMBINATION PROCESSES
IN LiBaF; CRYSTALS

I. Gromuls® P. Kulis?, I. Tale?, , M. Nikl®, N. Ichinose®, K. Shimamura®

* Institute of Solid State Physics, University of Latvia
® Institute of Physics, Academy of Science of the Czech Republic
¢ Laboratory of Material Science and Technology, Waseda University, Tokyo, Japan

Creation of radiation defects in LiBaF; crystals at 10 K and their thermostimulated
recombination process are investigated. Methods of optical absorption, thermal
bleaching of colour centres, thermostimulated luminescence (TSL) and fractional
glow technique are used. The radiation defects annealed in multi stage process

accompanied with thermo-luminescence at 20, 46, 105, 130, 170, 210 and 270 K.

Possible parameters of recombination partners are determinate by the difference of

optical absorption spectra measured before and after TSL peaks. Taking into account

the known absorption bands of F-centres and “sign” of recombination process we
consider:

e The TSL peak at 20 K arises due to the delocalisation of H-centres. The
absorption band at 3.8 eV with half-width 1.1 eV can be attributed to the H-
centre.

e The TSL peaks at 105 K and 130 K in LiBaF; are governed by thermoactivated
migration-tunnelling recombination of self-trapped holes. Presence of two TSL
peaks of Vk-centres at 105 and 130 K indicates that the 60° and the 90°
migration hops occur. The expected absorption bands of Vk-centres are at 3.2
and 4.3 eV.
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LOKALIZETO CAURUMU LOMA LiBaF; KRISTALU REKOMBINATIVA
LUMINISCENCE

A. Sarahovskis, M. Springis, M. Nikl"
Latvijas Universitates Cietvielu fizikas institiits
Cehijas ZA Fizikas institiits

LiBaF; kristalos ka iesp&jamos jonizg€josa starojuma dozimetros un atminas
elementos biitiska loma informacijas nolasiSana ir lokalizéto eksitonu luminiscencei
(spektra rajona ap 280 nm).

Saja darba pétita lokalizéto eksitonu luminescence, kas rodas elektronu
rekombinacijas rezultata ar lokalizétiem caurumiem speciali nelegéta LiBaF; kristala.
Luminiscence pétita, stimul&jot elektronu — caurumu rekombinaciju gan termiski
(termostimuléta luminiscence — TSL), gan optiski (optiski stimuléta luminiscence —
OSL) p&c kristalu ieprieks€jas rentgenizacijas.

85 K temperatiira rentgeniz€ta kristala balinasana ar gaismu spektra apgabala
no 240 nm Iidz 500 nm un tai sekojoSas optiskas absorbcijas un TSL intensitates
izmainas lauj domat, ka rentgenizacijas rezultata raduSos caurumu absorbcija LiBaF;
kristala sagaidama 380 nm rajona. 55 K temperatiira rentgenizeta kristala balinaSana
ar polarizétu gaismu 8 K temperatiira un tai sekojosi OSL polarizacijas mérijjumi rada,
ka OSL rodas elektronu rekombinacijas rezultata ar anizotropiem lokalizétiem
caurumiem, kuri orientéti kristalografiskas C, ass virziena (Vi centri).

THE ROLE OF LOCALIZED HOLES IN RECOMBINATIVE
LUMINESCENCE OF LiBaF; CRYSTALS

A. Sharakhovsky, M. Springis, M. Nikl"
Institute of Solid State Physics, University of Latvia
Institute of Physics AS Czech Republic

The localized exciton luminescence (about 280 nm) is important for read—out
processes in LiBaF; crystals prospective as ionizing radiation energy storage material.

Here we present a study of stimulated luminescence caused by localized
excitons formed in result of electron recombination with localized holes. Both thermal
(thermostimulated Iuminescence — TSL) and optical (optically stimulated
luminescence — OSL) stimulation of previously X-ray irradiated undoped LiBaF;
crystals was used to study the properties of localized holes.

The change of both optical absorption and TSL intensity after 240-500 nm
optical bleaching of previously X-irradiated crystal at 85 K shows that absorption of
localized holes should be in the spectral region about 380 nm. The polarization
characteristics of OSL after polarized optical bleaching at 8 K of previously X-
irradiated crystal at 55 K allows to conclude that OSL about 280 nm is caused by
electron recombination with anisotropy localized hole, oriented along the C, axis of
LiBaFj; crystal lattice (Vi center).
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UZKRATAS STAROJUMA ENERGIJAS NOLASISANAS IPATNIBAS
LiBaF KRISTALOS

L.Dimitro¢enko, M. Springis, U. Rogulis
Latvijas Universitates Cietvielu Fizikas institiits

LiBaFj; kristali izraisa interesi ka perspektivi materiali joniz&josa starojuma
detektésanai. Radiacijas energijas uzkrasana kristala notiek, veidojoties dazadiem F—
tipa elektronu centriem ka ar1 caurumu centriem. Uzkrasanu var veikt arT izmantojot
piemaisijuma defektus, kas kristala sp& mainit valenci, tadejadi veicot elektronu
sakerSanu (elektronu ké&rajcentus). Lai optiski nolasttu uzkrato energiju, kristala
papildus keérajcentriem jabiit luminiscences centriem. Parasti tie ir piemaisijumu
defekti, kas luminisc€ optiski erti pieejama spektra apgabala.

Darba ir apskatita fotostimulétas luminiscences nolasiSanas shéma, izmantojot
par kérajcentru F-tipa centru, bet par luminiscences centru - retzemju elementu jonus

Ce® un Eu*".

READ - OUT PROCESSES OF STORED RADIATION ENERGY IN LiBaF3
CRYSTALS

L.Dimitrocenko, M. Springis, U. Rogulis
Institute of Solid State Physics, University of Latvia

LiBaF; compounds are prospective materials for detection of ionising
radiation. Radiation energy is stored by creation of both several F-type electron
centres and hole centres. Several dopands able to change their valence after irradiation
also can be used as electron traps instead of F-type centres. Dopands usually can be
used as hole centres (luminescence centres) for optical read — out of stored energy.
Emission spectrum of luminescence centres should be suitable for detectors
sensitivity.

In this paper we present the study of photostimulated luminescence of Ce** and Eu**
using F-type centres optical stimulation.
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F-TIPA CENTRU EPR LiBaF;

V.Ogorodniks, U.Rogulis, I.Tale un A.Veispals
LU Cietvielu fizikas institiits

Izpétits ar rentgenu istabas temperattra apstarota LiBaF; kristala radita defekta
EPR spektrs. EPR spektrs sastav no apméram 35 ekvidistantam Iinijam. Defekts ir
nestabils dienas gaisma, bet arf tumsa sabrik dazu stundu laika. Sis Iinijas magnéatiska
lauka orientacija paraléli [111] kristala asij atrodas 0.9 mT attaluma ar intensitasu
sadalijumu tuvu binomialajam. EPR spektru var aprakstit ka nesaparota spina S=1/2
hipersikstrukttras (4ss) mijiedarbibu ar 2 dazadam ekvivalentam kaimigu kodolu
spinu grupam: 2 Li kodoliem pirmaja caula un 8 ekvivalentiem F kodoliem otra
aula. Sads modelis atbilst F-tipa centram (electrons atrodas fluora vakancé) LiBaF;
kristala. EPR linijas ir stipri anizotropas, ko nosaka anizotrops g-tenzors, kura
galvena ass versta kristala [100] ass virziena. Dotaja referata tiks diskuteta Ass Iiniju
intensitate un to lenkiska atkariba, ka ar1 piedavats iesp&amais g-tenzora
komponensu variants.

EPR OF F-TYPE CENTRE IN LiBaF;

V. Ogorodnik, U. Rogulis, 1. Tale, A. Veispals
Institute of Solid State Physics, University of Latvia

In the present work, we investigated in more details an EPR spectrum, observed
in LiBaF; after X-irradiation at room temperature, consisting of approximately 35
lines. It is unstable at RT and disappear within few hours in dark or faster in light. For
an orientation of the magnetic field parallel to the <111> direction of the crystal, these
EPR lines are equidistant (with a step of 0.9 mT) and their intensities follow nearly
the binomial distribution. The spectrum is explained by hyperfine interaction (4f) of a
spin S = % with 2 equivalent Li nuclei being in the first shell and 8 equivalent fluorine
nuclei in the second shell. This model corresponds to the F-type centre (fluoride
vacancy with electron ) in the LiBaF; crystal. The strong angular dependence of the
line intensities is caused by an anisotropy of the g-tensor with its main axis oriented
along the [100] direction of the crystal. Angular dependencies of the 4f lines and their
intensities and a possible set of g-tensor parameters will be discussed.
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PAR Mo DEFEKTA EPR HIPERSIKSTRUKTURU CdWO,

E.Elsts, U.Rogulis
Latvijas Universitates Cietvielu fizikas institits

Agrakajos CAWOy kristalu pétijumos tika noverots ar Mo piejaukumu saistita defekta
elektronu paramagnétiskas rezonanses (EPR) spektrs [1]. Molibdéna kodolu
hipersikstruktiirai (As) atbilstosas Iinijas tika identific€tas viennozimigi, tacu pargjas
dota EPR spektra hipersikstruktiiras Iinijas principa bija iesp&jams izskaidrot gan ka
nesaparota elektrona As mijiedarbibu ar kaiminu W kodoliem, gan ar kaiminu Cd
kodoliem. Darba [1] tika dota prieksroka hs mijiedarbibai ar W kodoliem. Saja
referata ar Mo saistita defekta EPR spektra hipersikstruktiira tiks analiz&ta, ievérojot
arT mijiedarbibu ar Cd kaiminu kodoliem.

[1] U. Rogulis, Radiation Mesurements, 1998, vol. 29, p. 287 - 289.

EPR HYPERFINE STRUCTURE OF THE Mo - RELATED DEFECT IN
CdWO,

E.Elsts, U.Rogulis
Institute of Solid State Physics, University of Latvia

Electron paramagnetic resonance (EPR) spectrum of a Mo- related impurity defect in
CdWOq crystal was observed in our previous work [1]. Hyperfine structure (Af5s) lines
of the Molybdenum were identified unambiguously. However, it was possible to
explain further Afs lines in the EPR spectrum as Afs interactions of the unpaired
electron with neighbouring W nuclei as well as with neighbouring Cd nuclei.
Previously in [1], Afs interactions with W nuclei have been preferred. In the present
work, the EPR hyperfine structure of the Mo- related defect will be analysed taking
into account also /fs interactions with neighbouring Cd nuclei.

[1] U. Rogulis, Radiation Mesurements, 1998, vol. 29, p. 287 - 289.
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AUTOLOKALIZETA EKSITONA VEIDOSANAS REKOMBINATIVA
PROCESA CINKA UN SVINA VOLFRAMATOS.

S. Cernovs , D. Millers
Latvijas Universitates Cietvielu fizikas institits

Izmantojot luminiscento metodiku ar izskirSanu laika pétiti PbWOs un ZnWO,
monokristali. Pasvielas luminiscenci $ajos  kristalos rada izstarojuma parejas
autolokaliz&tos eksitonos un minéta luminiscence ir doming&josa neaktivetos kristalos.
Misu eksperimentos noverota paSvielas luminescences intensitates picaugSana péc
ierosinos$a elektronu kii]a impulsa , kas norada, ka autolokalizetie eksitoni turpina
rasties p€c ierosmes beigam. Apspriesti autolokaliz&to eksitonu veidosanas procesi
PbWO,4 un ZnWOjy kristalos.

RECOMBINATIVE CREATION OF SELF-TRAPPED EXCITONS IN
LEAD AND ZINC TUNGSTATES.

S. Chernov, D. Millers
Instute of Solid State Physics, University of Latvia

The time-resolved luminescence of PbWO4 and ZnWO, single crystals was studied.
The intrinsic liminescence of these crystals origins from self-trapped excitons and
this kind of luminescence is dominant in undoped crystals. The rise of intrinsic
luminescence intensity after pulsed electron beam irradiation was observed in our
experiments. This luminescence intensity rise shows that creation of self-trapped
excitons continues after the excitation interruption. Possible creation process of self-
trapped exciton is discussed.
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RADIACIJAS INDUCETIE DEFEKTI LaGaO3; KRISTALA

T. Dudareva
LU Cietvielu fizikas institiits

Radiacijas inducetie defekti petiti neaktivéta un ar Nd aktivétos LaGaOs kristalos.
Registréti stacionaras un isi dzivojosas optiskas absorbcijas spektri. Novérotas
izmainas optiskas absorbcijas spektra péc neaktivéta parauga apstarosanas ar rentgena
stariem. Plata absorbcijas josla 2.2 - 2.8 eV spektralaja diapazona tiek saistita ar
radiacijas defektu veidoSanas. Defektu atdedzinasana ir iesp&ama gaisa pie
temperatiras ~450K.

Lidziga absorbcijas josla noverota arm 1si dzivojosas absorbcijas spektros, kuri
registréti ierosinot paraugus ar impulsa elektronu kili. Inducgtas absorbcijas
relaksacijas kinétiku analize noved pie secinajuma par noveéroto procesu sarezgitibu.
Paradits, ka LaGaOj kristalu aktivéSana ar Nd noved pie radiacijas defektu veidoSanas
efektivitates samazinasanas. Apspriesti iespgjamo defektu modeli.

RADIATION INDUCED DEFECTS IN LaGaO; CRYSTALS

T. Dudareva
Institute of Solid State Physics, University of Latvia,
Kengaraga 8, Riga, Latvia

Radiation induced defects have been studied in undoped and Nd-doped
LaGaO; crystals. Stationary and short lived optical absorption spectra have been
registered. The changes in optical absorption spectrum in undoped crystal after
irradiation with x-rays have been observed. Wide absorption band (2.2 — 2.8 eV) is
connected with creation of radiation defects. Defects annealing in air is possible at
temperature ~ 450 K.

Similar absorption band has been observed in short lived absorption spectra.
The short-lived absorption was excited by the ns-pulse electron beam. The analysis of
induced absorption relaxation kinetics shows that observed process is complicate. The
radiation defect creation efficiency is higher in undoped LaGaOs crystals and Nd
doping increase the radiation stability. Possible models of radiation defects LaGaOs
crystals have been considered.
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TIBr KRISTALI — JONIZEJOSA STAROJUMA DETEKTORU MATERIALI

M. Sorohovs
LU Cietvielu fizikas institiits

Pedeja laika ir paradits, ka TIBr kristali ir izmantojami par materialu
jonizg€josa starojuma detektoru izgatavoSanai. Detektori, izgatavoti no T1Br, strada pie
istabas temperatiiras, detektgjot x-starojumu un y-kvantus diapazona no 100 keV Iidz
1 MeV. Jutiba un energétiska izskirSanas spéja detektoros ir atkariga no ladinu nes&ju
savakSanas efektivitates, kura savukart ir atkariga no kristala elektroniskam 1pasibam.

Petita 1si dzivojosa inducéta absorbcija, inducétas absorbcijas relaksacijas
kingtikas, luminiscences spektralais sastavs un luminiscences dzives laiki dazados
TIBr kristalos. Tika salidzinati eksperimentos iegtitie dati ar radiacijas detektoru
Ipasibam, kuri izgatavoti firma “Baltic Scientific Instruments”, Riga, no Siem pasSiem
TIBr kristaliem. Tiek izv€létas optiskas metodes detektoru kristalu atlasei un
rekomendacijas kristalu audzésanas tehnologijas pilnveidosanai.

TIBr CRYSTALS — THE MATERIAL FOR IONIZING
RADIATION DETECTION

M.Shorochov
Institute of Solid State Physics, University of Latvia,
Kengaraga 8, Riga, Latvia

Recently it is shown that TIBr crystals can be used as a material for ionizing
radiation detectors. Room temperature TIBr detectors are used for x-ray and y-quanta
detection in 100 keV-1 Mev spectral region. Sensitivity and energy resolution of
detectors depends on charge carrier collection efficiency. This process, in a number of
cases, depends on crystal electronic properties.

Induced transient absorption, its relaxation kinetics, luminescence spectra and
luminescence decay times for different TIBr crystals were investigated. The results of
experiments were compared with radiation detector properties. The detectors from the
same TIBr crystals were produced by “Baltic Scientific Instruments, Riga. The optical
methods appropriate for detector crystal selection and recommendations for crystal
growth technology improvement were proposed.
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ReO; TIPA REZGA DINAMIKAS IPASIBAS

J. Gabrusenoks
LU Cietvielu fizikas institiits

WO; kristaliska rezga dinamikas parametru noteikSanai tika izmantoti infrasarkanie
atstaroSanas un Ramana spektri. Aprékini parada dazada tipa svarstibu spécigu
neatkaribu. Ir noteiktas atomu termisko svarstibu amplittidas.

DYNAMICAL PROPERTIES OF THE ReO; - TYPE LATTICE

J. Gabrusenoks
LU Cietvielu fizikas institiits

Infrared reflection and Raman spectra have been applied to calculate parameters of
lattice dynamics for WOs crystal.. The calculation shows strong independence
between different types of the vibrations. To be determined amplitudes of thermal
vibrations of the atoms.
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INFRASARKANAS FURJE SPEKTROSKOPIJAS
INFORMATIVAS IESPEJAS

L.Grigorjeva, D.Millers
Latvijas Universitates Cietvielu fizikas institits, Kengaraga 8, Riga, Latvia

Furje Transformaciju Infrasarkana (FTIS) spektroskopija ir moderna un labi
pazistama metode, kura tiek plasi lietota kimija, fizika, biologija. Tiek aplikoti $is
metodes principi un iespg&jas molekulu svarstibu pétijumos. Pieméram, pamatojoties
uz iegito molekulu svarstibu frekvencu spektru, ir iespg&jams veikt kimisko analizi
(salidzinot ar datu bazes spektriem), ka ar1 pétit kimisko reakciju gaitu. Struktiiras
pétijumos ir iesp&jams noteikt kadas kimiskas grupas ir pétama parauga. Petijumus
var veikt gan dazadas cietas vielas (kristalos, stiklos, optiskas Skiedras, keramikas,
pulveros un plévit€s), gan arT Skidrumos un gazes. Var pétit molekulu svarstibu
spektru temperatiiras atkaribas, ka ar1 spektra izmainas pielikta spiediena vai
magnétiska lauka ietekmé&. Tiek aplukoti dazi FTIS absorbcijas spektroskopijas
pielietoSanas piemeri cietvielu p&tijumos.

FOURIER TRANSFORM INFRARED SPECTROSCOPY
INFORMATIVE RESOURCES

L.Grigorjeva, D.Millers
Institute of Solid State Physics, University of Latvia, Kengaraga 8, Riga,
Latvia

Fourier Transform (FT) Infrared (IR) spectroscopy is a modern and well-known
method. FTIR is widely used in chemistry, biology and physics. In this presentation
we examine the principles of the method and summarize the molecule vibration
investigation potentialities. For example, it is possible to make chemical analyze from
the spectra of molecules vibrational frequencies (to compare the spectra to known
databases) as well as to observe chemical reactions in-situ. In structural investigations
one can determine what chemical groups are in the sample. The solid state samples
(crystals, glasses, optical fibers, ceramics, powders and films) as well as liquids and
gases could be investigated. Molecule vibration spectra at different temperature,
pressure, magnetic field could be studied. Some examples of the FTIR absorption
spectroscopy applications for solid state investigation has been dive.
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DLTS MERIJUMU METODIKA UN REZULTATU APSTRADE

M. PieSins
Latvijas Universitates Cietvielu fizikas institiits

Dzilo Limenu Pareju Spektroskopija (DLTS) ir metode defektu raksturoSanai
pusvaditaju materialos. Tas pamata ir elektriski vai optiski ierosinatas telpas ladina
zonas kapacitates parejas (tramsienti). Kapacitati nosaka sakerto ladinnesgju
daudzums, kas pe€c ierosmes beigam samazinas aptuveni eksponenciali, bet to
relaksacijas atrums ir atkarigs no temperatiras. Ka telpas ladina zona kalpo
pusvaditaju diode, kuras kapacitates pareju forma mainas Iidz ar temperatiiru.

Metode lauj noteikt tadus defektu raksturlielumus ka aktivacijas energiju,
satverSanas Skersgriezumu, ladinnes€ju slazdu koncentraciju un tas profilu telpas
ladina zona un tas tuvuma. PriekSrocibu skaita ir augsta jutiba un sp&ja analizet katru
slazdu tipu atseviski, turprett galvenais trukums ir prasiba pret diodi — tai jabit
pietieckami labai, jo tas TpaSibam var bit stipra ietekme uz rezultatiem un mériSanas
iesp&jamibu.

Aktualakie pielietojumi ir kvantu punktu pétnieciba, kas, pirmkart, ir saistita
ar nepiecieSamibu peéc mazakiem izm&riem mikosh&mas, otrkart — ar v€lmi izprast to
fundamentalas ipaSibas. Vienlaicigi tiek talak attistita pati metode — ar Laplasa
transformacijam, pieméram, var krietni paaugstinat aktivacijas energiju noteikSanas
iz8kirtsp&ju un pétit mazu koncentraciju defektus lielakas koncentracijas defektu
tuvuma.

METHODICS OF DLTS MEASUREMENTS AND PROCESSING OF
RESULTS

M. Piesins
Institute of Solid State Physics University of Latvia

Deep Level Transient Spectroscopy (DLTS) is a technique of characterization
of defects in semiconductors. It is based on induced capacitance transients in space
charge layer. Capaciance change is determined by the number of holes and electrons
in traps, which falls near exponentially after injection of charge carriers by electrical
biasing or after optical excitation. The emission rates are temperature dependent. A
typical diode structure is required for these measurements.

This method provides with information about such defect characteristics as
activation energy, concentration profile and capture cross section for each trap. Two
of the main advantages are the high sensitivity and the ability to gain information
about each trap individually. The most important problem is, however, the diode itself
— it must be very good, since results may depend on it a lot or it may even be
unusable.

Actual applications include research of quantum dots, which is primarily
driven by the need for even smaller electronic components, followed by fundamental
questions. At the same time, the method itself is undergoing further development —
with help of high resolution Laplace transforms it yields much higher resolution of
activation energy and allows to measure little concentrated traps near highly
concentrated ones.
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OPTISKO DATU APSTRADE UN PARRAIDE

G.Vale, A.Kriimin$
LU Cietvielu fizikas institiits

Zinojuma piedavats principiali jauns optisko integralo shému modelis
informacijas apstradei (logiskai un matematiskai) un parraidei miniaturas atminas
ierices optoelektronika un fotonika.

Ka mikrovide izmantota aktivéta mikrostruktiira uz sarmu metalu halogenidu
bazes, kura radiacijas defektu veidoSanas un rekombinacijas 1patnibas lauj izmantot
nerelaks@tos procesus informacijas atrai un jutigai multi-funkcionalai apstradei.

Iztirzati ar1 to fizikalo procesu mehanismu specifika mikrostruktiiras, kas
nosaka optisko datu apstradi - defektu rasanas un fotostimulétd rekombinacija,
nerelakséto dalinu mijiedarbiba ar piemaisijumiem un krasu centriem, fotostimulétas
supravadamibas un mikrolazera modeli mikrostruktiiras. P&d&jie tad arT nodroSina
piedavato integralo shému atrdarbibu.

OPTICAL DATA PROCESSING AND TRANSFER

G.Vile, A.Krimin$
Institute of Solid State Physics, University of Latvia,
8. Kengaraga St., Riga LV1063, LATVIA

In the present report it is proposed a principially new type of optical chips for
multifunctional optical data processing and transfer in miniaturised optoelectroni and
photonic high-speed(some gigabits a second) storage devices.

The physics of active micromedia is based on specific behaviour of radiation
defect production and photostimulable recombination in doped microstructures of
alkali halides where it is possible to use the unrelaxed processes for optical data
processing and transfer.

The models of physical processes responsible for fast information processing,
including photostimulated superconductivity and microlasering, will be discussed, as
well.

G.Vale, A.Kruminsh “Optical Storage in Doped Microstructures of Alkali Halides”,
Radiation Effects and Defects in Solids, Vol.157, Nos.6-12, 2002.

G.Vale, A.Krumins “Laser active lattice defects in doped alkali halide microstructures”,
Latvian Journal of Physics and Technical Sciences, No3, p.56, 2003.
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MATERIALI UN PIELIETOJUMI
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EFEKTIVO PARNESES KOEFICIENTU NOTEIKSANA UN
VIDEJOSANAS PROCEDURA

J.R.Kalnin$§
Latvijas Universitates Cietvielu fizikas institits

Aplikotas vid€joSanas tehnikas efektivo difiizijas koefiecientu noteikSana divfazu
heterogéna vidé. Paraditas  vienkar$as aritmétiskas vied€joSanas procediras
nepietickamiba asimetrisku fazu sadalijuma gadijuma. Kvadratiska iesléguma
gadijuma iegiitie teoretiskie (balstitie uz modificéta Maksvela - Garneta vienadojumu)
[1] un Montekarlo model&Sanas rezultati salidzinati ar zinamiem rezultatiem [2] un
paraditas pedgjo pielietojamibas robezas. Tiek nemta veéra difund€joso dalinu
satverSana un atbrivoSana.

Literaturas avoti:
1. J.R.Kalnin, E.A.Kotomin, and J.Maijer.- J.Phys.Chem.Solids, 2002,63, p.449-456.
2. .V.Belova, G.E.Murch. — J.Phys. Chem.Solids, 2002,64, p.873-878.

DETERMINATION OF THE TRANSPORT COEFFICIENTS AND
AVERAGING PROCEDURE

J.R.Kalnins
Institute of Solid State Physics, University of Latvia

We examine averaging technique used for determination of the effective diffusion
coefficient in two phase media. It is shown that simple arithmetical avaraging
approximation is insufficient in the case of assymetric phase distribution. Results for
squared inclusions, which were obtained based on the theory (Maxwell —Garnett)
modified equation) [1] and Monte-Carlo computer simulation are compared with the
wellknown results received [2]. The range of the applicability of these results is
determined. Particle capture and release is taken into the account.

References

1. J.R. Kalnin, E.A.Kotomin, and J.Maijer.- J.Phys.Chem.Solids, 2002,63, p.449-456.
2. .V.Belova, G.E.Murch. — J.Phys. Chem.Solids, 2002,64, p.873-878.
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MATERIALU UN STRUKTURAS IETEKME UZ UDENRAZA
IZDALISANOS DAZADU METALU ELEKTRODIEM

L. Grinberga, J. Kleperis
Latvijas Universitates Cietvielu Fizikas Institiits, Kengaraga 8, Riga, LV-1063

Darba dots parskats par elektrodu materialu un struktiiras ietekmi uz tidenraza
izdaliSanas efektivitati elektrolizes procesa. Interesi izraisa ne tikai metalu, bet ari
metaliem lidzigo materialu klase, pieméram, legéta dimanta kartinas, poraini oglekla
materiali, vadoSi metalu oksidi (RuO,, WO,), u.c. Izdalita tdenraza daudzums,
elektroda potencials, pie kura izdalas tdenradis, elektrolizes strava, ir fizikalie
lielumi, kuri izveéleti, lai salidzinatu dazadu elektrodu efektivitati elektrolitiska
fidenraza izdaliSanas procesa laika.

Materialam, kura struktiiru raksturo nanoizméru atvértas poras, ir daudz
lielaka apmainas strava un lielaks elektrolizeé izdalita tdenraza daudzums, bet
probléma, kuru griiti noverst, ir gazveida idenraza uzkraSanas poras.

Elektrolizes $tinas uzbiive arT ietekmé izdalita Gidenraza daudzumu, proti,
elektrolita sastavs, elektrodu geometriskie izmeri, to savstarp&jais izvietojums.

INFLUENCE OF STRUCTUREAND COMPOSITION ON HYDROGEN
EVALUATION ON THE ELECTRODES OF DIFFERENT METALS

L. Grinberga, J. Kleperis
Institute of Solid State Physics of University of Latvia,
8 Kengaraga street, Riga, LV-1063

This work gives a short summary about the influence of electrode materials
and structure on efficiency of hydrogen evaluation in the process of electrolysis.
Interesting materials are not only metals but also metal alike class — doped diamond
layers, porous carbon materials, conducting metal oxides (RuO,, WO,), etc. Amount
of evaluated hydrogen, potential of the electrode where hydrogen is eliminated,
current of electrolysis — are physical parameters which are used for comparison of
efficiency of different electrode during evaluation of electrolytic hydrogen.

In materials, whose structure is described as nanosized opened pores, higher
exchange current and amount of obtained hydrogen can be observed. The largest and
difficult to prevent problem is accumulation of gaseous hydrogen in pores.

The structure of electrolytic cell also affected the amount of released hydrogen
— content of electrolyte, geometrical sizes of electrode and their disposition.
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GAZU MOLEKULU ,NOSPIEDUMU” VEIDOSANA
PLANAS METALU KARTINAS

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

Reali tirgh tiek piedavati loti dazadi gazu un smaku sensori, bet joprojam triikst
vienkarsu bet selektivu sensoru iericu, kas atri atpazitu biogénos aminus gala un zivis. Galas
produktiem bojajoties, veidojas dazadi tokstni, kuri pat cepSanas procesa var palikt stabili. Par
to klatbutni zino specifiski smarZojoSi amini (putrescence un cadaverine), kurus izdala
puSanas procesa iesaistitic mikroorganismi. To smaka ir labi atpazistama (#ridu, [iku smaka)
un intensitate labi korel€ ar bakteriju skaitu uz bojata produkta virsmas, tadg] jau sen speciali
apmaciti inspektori to izmanto, lai spriestu par galas svaigumu. Nesen ASV ir atklats
specifisks lielmolekulars polimers, kuru veido speciali klasteri, no kuriem, Iidzigi ka Lego
kluciSiem, var veidot dazadas formas. ASV zinatnieki §1 polimera klasterus salika apkart
vienai amina molekulai, p&c tam speciala apstrades procesa fiksgja So struktiiru, un ar specialu
reagentu amina molekulu iznéma ara. Polimera matrica palika molekulas nospiedums.
Tadgjadi var tikt izveidota virsma, kas satur tikai noteiktas formas molekulu nospiedumus,
kuros ka atsléga sledzen€ §1 molekula var iesgsties.

Tacu polimera klasteru veidoSanas tehnologija Sodien vél ir loti sarezgita. Misu ideja
ir Sos molekulu ,,nospiedumus” veidot planas metala kartinas. Pieméram, izmantojot termisko
metalu iztvaic€Sanu vakuuma, par pamatni nem virsmu, uz kuras adsorb&tas tas molekulas,
kuru nospiedumi javeido. Loti planas metalu kartinas vakuuma aug pec ta saukta klasteru
principa (izteikts piemers ir zelta kartinas), un metala klasteri art varétu kalpot ka Lego
klucisi, ko saliek apkart analiz€jamai molekulai.

FORMATION OF ,,STAMPS” OF GAS MOLECULES IN
THE METAL THIN FILMS

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

There is a need for a robust sensor device which accurately, simply and rapidly would
detect the presence of biogenic amines in food products. Food poisoning is caused by
ingesting toxins which are often relatively heat stable and are capable of surviving the
cooking process. Typical markers of meat spoilage are putrescence and cadaverine, distinctive
in odour. Their odour intensity correlates well with surface bacteria counts, and are widely
used to evaluate meat freshness by both trained meat inspectors and individual consumers.
Recently in USA has been developed the molecularly imprinted polymers, a new class of
synthetic polymers which were constructed with special ligands to contain cavities which
closely match the shapes of various odour molecules. After removing the odour molecule, a
cavity was left behind with the shape of odour molecule. In this way, a particular molecule
can be identified since the shape of the cavity is specific to the molecule modelled. In such a
way very selective sensors can be developed.

Nevertheless, polymer imprinting method is quit complicate today and needs
expensive high-level technology. Our idea is to use simple metal vacuum evaporation
technique and specially prepared substrate that involves the target molecules (adsorbed onto
surface). The target molecules are incorporated into a very thin metal film and allows to form
bonds with the metal clusters (for example, thin gold film starts grow us nano-size clusters).,
The target molecules evaporate from thin metal film after annealing and special cavities for
target molecules are left. First results are reported.
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ERITROCITU OPTISKIE UN GEOMETRISKIE PARAMETRI

I. Motmillere, N. Mironova-Ulmane, A. Pavlenko
Latvijas Universitates Cietvielu fizikas institiits, LV-1063 Riga, Latvija

Eritrociti ir cilvéku asinu galvena sastavdala. Tie satur hemoglobinu, kas
organisma parnes skabekla/ oglekla dioksidu. Eritrocitu optiskiec un geometriskie
parametri atspogulo koronaras sist€mas stavokli un tos var izmantot ka hemotologisko
trauc€jumu indikatoru.

Darba izpétiti §inu optiskie blivumi un geometriskie lielumi. Stinu parametru
meérijumi veikti ar Jeénas Karla Ceisa firmas Mikroskopisko attelu analizatoru
(MORPHOQUANT) ar minimalo telpisko izskirSanu 0,2 vai 0,6 mkm. Noteikti
optisko blivumu parametri (integralais optiskais blivums, vidgjais optiskais blivums
un ta telpiskais sadalijums). Izmériti ari eritrocitu geometriskie lielumi ka perimetrs
(P), laukums (S), formfaktors (P*/S), viena eritrocita maksimalais (D) un minimalais
(W) diametri un ekscentritate( Ext = D/W).

OPTICAL AND GEOMETRICAL PARAMETERS OF RED BLOOD CELLS

I. Motmillere, N. Mironova-Ulmane, A. Pavlenko
Institute of Solid State Physics, University of Latvia, Kengaraga St 8,
LV-1063, Riga, Latvia

Red blood cells or erythrocytes are the principal component of human blood
containing hemoglobin responsible for oxygen/carbon dioxide transport in organism.
The optical and geometrical parameters of erythrocytes reflect status of coronary
system and could be used as an indicator of hematological disorders.

In this work the optical density and geometrical values of cells were explored.
Measurement of cells was performed on Automatic Analisator of Microscopic Image
(MORPHOQUANT), Karl Zeiss Jena with minimal spatial resolution 0.2 or 0.6 um.
The optical density parameters (total optical density, optical density mean and
distribution of optical density) were explored. The geometrical values of red blood
cells like perimeter (P), area (S), form factor (P°/S), the biggest (D) and the smallest
(W) diameter of one red blood cell, and eccentricity (Ext=D/W) were measured.
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MAZU OBJEKTU TEMPERATURAS STABILIZACIJAS PROBLEMAS UN
RISINAJUMI

V. Vorohobovs, J. Kleperis
Latvijas Universitates Cietvielu fizikas institits

Ja objekts ir mazs, tad uz ta virsmas biezi vien pietriiks vietas, kur ielikt
termopari vai citu temperatiiru kontrolg€joso ierici. Piem&ram, neliela izméra gazu
sensors, kas izvietots uz pamatnes, kurai otra puse ir silditajs. Ja sensora izmeri ir
I1x1x1 mm’, bet temperatiira janotur 600 °C ar klidu ne lielaku par £10 °C, tad, to
nebls iesp&jams izdarit tikai kontrolgjot silditdjam pielikto spriegumu, jo argjie
apstakli — apkartgjas vides temperatiira un V€S - var strauji izmainit sist€mas
temperatiru. Miisu darba piedavats risinajums: vienlaicigi izmantot pasu silditaja
pretestibu ka termorezistoru, kura pretestiba atkariga no sistémas temperattiras. Tomer
Seit slépjas pretruna — izmantojot elektrisko stravu ka informacijas avotu par
temperatiiru, mes gribam regulét paSu elektrisko stravu, kas nosaka objekta
temperattru. Atrasti divi celi ka parvarét augstak minéto pretrunu:

1) silditaju barot ar sprieguma impulsiem, sadalot laiku uz diviem 1siem periodiem —
pirma perioda silditajs tiek izmantots ka termorezistors, un tiek noteikta objekta
temperatiira, otraja perioda silditajs tiek izmantots objekta sildiSanai ar jaudu, ko
nosaka temperatiiru starpiba starp izmérito un ieprieks uzdoto temperatiram;

2) izmantot elektriskas jaudas avotu ar negativu pretestibu.

Praktiski izveidota ozona sensora temperatiiras stabilizacijas shéma un
teorétiski pieradits, ka ir loti izdevigi izmantot jaudas avotu ar negativu pretestibu
mazu objektu temperatiras reguléSanas procesa.

TEMPERATURE STABILISATION OF SMALL OBJECTS: PROBLEMS
AND SOLUTIONS.

V. Vorohobovs, J. Kleperis
Institute of Solid State Physics of University of Latvia

It is difficult for small objects to find space on the surface for thermo-couple
or another temperature controlling device. For example, small gas sensor with
dimensions about 1x1x]1 mm’ is situated on substrate with heater and must achieve
temperature +600 °C with fidelity + 10 °C. Meanwhile external temperature and wind
can strongly affect it, and therefore simple heater voltage control may not be enough
to keep stable temperature.

As solution of this problem we propose to use electric heater simultaneously
also as thermo resistor, which resistance depends on the temperature of object. In this
way however other contradiction appears: using electric current as a source of
information about temperature we must govern the same current. There are two
possible solutions:

1) To supply electric heater with alternating current, where time is divided in two
short periods — during the first period heater serves as thermo resistor and
measures temperature, and during the second period heater serves directly to heat
necessary object with power proportional to the temperature difference between
temperature measured in previous period and setup temperature.

2) To use power source with negative resistance for the heating of necessary object.

Results is demonstrated from practically developed electric circuit for

powering the ozone sensor which measures gas concentration at 450 °C and cleans
at 600 °C. Also it is shown theoretically that power source with negative
resistance is applicable to perform such task.
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OPTISKIE KIMISKO VIELU SENSORI UZ AMORFO
HALKOGENIDU BAZES

O. Balcers un J. Teteris
Latvijas Universitates Cietvielu fizikas institiits

Amorfo halkogenidu planas kartinas iesp&jams izmantot jiitigu kimisku sensoru
izstrad€, kuru darbibas pamata tiek izmantotas Brega rezga paSibas $ajos materialos.
So rezgu optiskie parametri ir atkarigi no vides, kura tie atrodas, optiska lausanas
koeficienta.

Halkogenidu materialu optiska caurlaidiba infrasarkanaja regiona sniedzas pat
lidz 20pm. Turklat, amorfie halkogenidi ir optisko hologrammu ieraksta materiali ar
superaugstu izskirSanas sp&ju. Minétaja spektra regiona atrodas daudzu organisko un
neorganisko vielu raksturigas vibracijas modas. Lidz ar to ST Brega rezga sensoru
tehnologija rada iesp&jas pilnveidot sensorus ar augstu jutibu (ppm, ppb) daudzu
kimisko vielu un biomolekularas iedarbibas noteikSanai, un monitoringam gan
gazveida, gan Skidra agregatstavokli. Literatira pédeja laika tiek biezi zinots par
dazadiem jauniem piedavatiem tehniskiem sensoru risindjumiem. Miisu darba merkis
ir §2 tipa risinajumu pilnveidoSana un praktiska izmantoSana.

AMORPHOUS CHALCOGENIDE BASED OPTICAL
CHEMICAL SENSORS

O.Balcers and J.Teteris
Institute of Solid State Physics, University Of Latvia, LV-1063, Riga, Latvia

Thin films of amorphous semiconductors can be used for developing sensitive and
selective chemical sensors, the working principles of which are based on the
properties of Bragg grating in these materials. The optical properties of these gratings
depend on the bordering media optical refractive index.

Amorphous chalcogenides are optically transparent in the IR region up to
20um. These materials are optical recording materials with high selectivity. The IR
signatures of different organic and inorganic materials are located in this, so called
finger print spectral region. Therefore, Bragg grating based vibrational spectroscopy
enables to develop sensitive sensors (ppm, ppb) for detection and monitoring of
different chemical and biological measurands in gaseous and liquid states. In literature
there are many recent citations about new technological sensor developments. The
aim of our work is to further develop the results and, also, make the work practically
applicable.
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SAKARIBU MEKLEJUMI STARP PIESARNOJOSO VIELU
KONCENTRACIJAM IELAS KANJONA

L. Jekabsone, J. Kleperis
Latvijas Universitates Cietvielu fizikas institiits,
Kengaraga iela 8, Riga, LV-1063

P&tot transporta pliismas intensitati Rigas galvenajas ielas, un salidzinot to ar gaisa
monitoringa staciju merjjumu rezultatiem, redzams, ka transporta kustibas intensitate
proporcionala slapekla dioksida (NO;) koncentracijai. Darba dienas 11ta lidz ar maSinu
plismu aug gaisa piesarnojums, pusdiend masinu plisma nedaudz samazinas un NO,
koncentracija ari, bet uz darba dienas beigdm aug gan masinu skaits, gan
piesarnojums. Transporta izmesSu daudzums gaisa atkarigs ne tikai no masSiu skaita,
bet ar1 no laika apstakliem — liela v&ja piesarnojums atri tiek aizpiists, bet neliela v§ja
un seviski apstaklos, kad noveérojama temperatiiras inversija (gaisa augsgjie slani ir
siltaki ka apak$gjie), piesarnojums uzkrajas. Rigas centra ielas atbilst klasiskajam
kanjona modelim (att€ls), un piesarnotais gaiss no Sadas ielas reti tiek aizpists
(vienigi tad, kad v&j§ pus paral€li ielai). Ir speciali piesarnojuma izkliezu modeli, kas
lauj aprékinat piesarnojuma cirkulaciju ielas kanjona. Miisu darba izmantots OSPM
(Danija) modelis , kas lauj izrékinat piesarnojumu viena iela.

Vajs N

Fona piesér ojums '
1 /—JGI’llsa (?I IS&{
‘( (7 ““5

Véja
puse

Attels. Vgja 1zra1s1ta galsa mrkulacga ielas kanjona.

Pilsétas fona piesarnojums ari tiek ienests kanjona, bet automasinu raditas izpliudes
gazes cirkulé pa kanjonu, sakrajoties ievérojama koncentracija aizv€ja pus€. Zinot
transporta plismas izmainu diennakts griezuma, ir iesp&ams aprékinat transporta
raditos izmeSus gan ka tonnas/gada, gan ka vid€jas gada koncentracijas.

RESEARCH OF RELATIONSHIPS BETWEEN CONCENTRATIONS OF
POLLUTING SUBSTANCES IN STREET CANYON

L. Jekabsone, J. Kleperis
Institute of Solid State Physics of University of Latvia, 8 Kengaraga Street,
Riga, LV-1063, Latvia

Researches of traffic intensity in the main streets of Riga and comparison with
direct air pollution measurements from air quality monitoring station discovered
strong correlation between concentration of nitrogen oxides and traffic intensity.
There are number of streets in the central part of Riga, which can be approximated
with canyon (picture above). We used special dispersion model OSPM (Denmark) to
calculate concentrations and their profile in street canyon by using traffic counting
data. It was possible to predict diurnal pollution changes very similar to measured
directly by monitoring station.
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BURBULBUMBU SMARZAS - SMAKAS PROBLEMAS

L. Grinberga, J. Kleperis, Z. Zaula*, N. Papamichail**
Latvijas Universitates Cietvielu Fizikas Institiits, Kengaraga iela 8§,
Riga, LV-1063, Latvija
* SIA “Stendera Ziepju Fabrika”, Dzirnavu iela 84, Riga, LV-1055, Latvija
** Eberharda Karla Universitate, Tibingena, Vacija

Misu darba veikti SIA ,,Stendera Ziepju Fabrika” smarzigo burbulbumbu
novecos$anas procesu mérjjumi, izmantojot dazadu modelu elektroniskos degunus. No
ieglitajiem rezultatiem secinajam, ka parmainas parsvara sak paradities divas nedelas
p&c burbul-bumbu izgatavosanas, kas izboja produkta labo kvalitati.

MerTjumi tika veikti, izmantojot tris daZzadus elektroniskos degunus:

e NST ar pusvaditaju metalu oksidu gazes sensoriem un metalu oksidu
pusvaditaju lauktranzistoriem;

e EST atrdarbigo hromatografu ar virsmas akustisko vilpu sensoru;

e MOSESII ar MOX un kvarca rezonatoriem (QMB- Quartz Micro
Balances).

Merijumu rezultata izveidotas smarzu kartes, kuras atseviskie paraugi veido
labi izteiktus klasterus, un atSkiriba starp bojatiem un svaigiem paraugiem nosakama
loti labi. Hromatografisko rezultatu analize lava novérot, ka mainas komponensu
koncentracija ziepju burbu]bumbu novecoSanas procesa laika.

Apkopojot ar dazadiem instrumentiem, dazadam mérfjjumu metodém un
smarzu klasifikacijas programmatiram iegiitos rezultatus, ka ari, izmantojot atSkirigus
sensorus burbulbumbu smarzu analizei, tom&r var secinat, ka Sie maksligas ozas
aparati ir sp&jigi kontrolét novecosanas procesu gaitu, vismaz dazu dienu robezas.

BAD AND GOOD AROMA PROBLEMS OF BUBBLE-BALLS

L. Grinberga, J. Kleperis, Z. Zaula*, N. Papamichail**
Institute of Solid State Physics of University of Latvia, 8 Kengaraga Street,
Riga, LV-1063,
“Stendera Ziepju Fabrika” Ltd., 84 Dzirnavu Street, Riga, LV1050, Latvia
** Eberhard Karls University of Tiibingen, Germany

The application of different electronic noses for the detection of off-flavours
of special bubble-balls, designed for use in bathtubs was performed during 2003 by
collective research work in Riga, Institute of Solid State Physics and Eberhard Karls
University of Tiibingen, (Germany). In some cases the strong smell of the balls
changes in a way that the respective flavour gets new note that is a little mouldy, or at
least less pleasant. The alteration usually takes place two weeks after production and
it represents a severe loss of quality. The time lag complicates the problem as the
bubble-balls usually are delivered to the retailers or sold to the end customer within
this period.

The measurements were performed with three different sensor systems: NST
equipped with semiconducting metal oxide gas sensors (MOX) and metal oxide field
effect transistors, EST equipped with surface acoustic wave sensor and MOSES I
equipped with MOX sensors and Quartz Micro Balances (QMB) performed in order
to have a broader statistical basis; EST fast gas chromatograph equipped with surface
acoustic wave sensor.

The clustering is good and spoiled samples are systematically discriminated
using all three methods and instrumentation.
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SPRIEGUMA LINEARAS IZVERSES PIELIETOJUMS AKUMULATORU
KAPACITATES UN PRETESTIBAS NOTEIKSANAI

E. Pentjuss', A.Lasis', K. Stabins’
'Latvijas Universitates Cietvielu fizikas institiits,
*Valsts Rigas 1. gimnazija.

Elektrokimiskie stravas akumulatori un elektrohromie elementi modeléti ar
virknes RC kéditi, kur C raksturo elementa faradejisko un barjeras slana kapacitates,
bet R — iekS§€jo, omisko pretestibu. Abi parametri atkarigi no elementa uzkrata ladina
vai tam atbilsto§d sprieguma uz elementa spailem. Iegiiti un analiz&ti
diferencialvienadojumi RC k&ditei ar atkarigiem no sprieguma parametriem argja
sprieguma linearas izverses laika abos sprieguma skan€Sanas virzienos. Izvestas
mainigu parametru RC kédites voltamperu raksturliknu (VAR) stavuma izteiksmes
abiem sprieguma izverses virzieniem. Izteiksmes lauj izvertét argja sprieguma
izverses atruma, iek§€jas pretestibas un kapacitates un to izmainas atrumu sakarus ar
VAR formu. legiitas R un C vertibu atkaribas izteiksmes no citiem parametriem
(sprieguma izverses atruma, elementa stravas un uzkrata ladina vertibam, ka arT no R
un C izmaigas atruma, mainoties spriegumam). Diskutetas iesp&jas noteikt R un C
vertibas, ka arl to izmaigas atrumu atkaribas no sprieguma uz elektrokimisko
elementu, izmantojot dazados spriegumu rajonos eksperimentali pierakstitos
elementa VAR fragmentus. Praktiski, no dazados sprieguma rajonos uzgemtam CdNi
D-0,26D-11 tipa akumulatora VAR, izmantojot iegiitas formulas, izvertétas min&to
parametru atkaribas no sprieguma veértibas uz akumulatoru un ta izverses atruma.
Diskut@tas parametru novertésanas problémas.

APPLICATION OF VOLTAGE LINEAR SWEEP FOR DETERMINATION
OF CAPACITY AND RESISTENCE OF ACCUMULATORS.

E. Pentjuss’, A. Lusis', K. Stabinsh®
!Institute of Solid State Physics, University of Latvia,
’Riga State Gimnasium N1.

Electrochemical charge accumulators and electrochromic elements are simulated
with RC chain circuit, where C characterise 1s faradeic and junction capacity and R-
intrinsic resistance. Both mentioned parameters are dependent on electrical charge or
voltage on element. There are procured and analysed differential equations for RC
chain circuit with changeable parameters during linear scanning voltage on circuit in
both directions and procured relations of steepness of voltage—current characteristic
(VCC). The obtained relations allow to evaluate the influence of voltage scanning
velocity, R and C values and they changes velocity on voltage on VCC. There are
obtained relations of dependence on other parameters (voltage scanning velocity,
electrical current of circuit, charge and change velocities of C and R on voltage). The
possibilities to evaluate values of R, C and they changing velocities, using VCC
fragments of elements typed in different regions of voltage are discussed. Using
procured relations and measured fragments of VCC there are evaluated values of
mentioned parameters and they relations on voltage for CdNi D-0,26 D-11 type
accumulator. The problems of evaluation are discussed.
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MIKROKONTROLERU ,,RABBIT” IZMANTOSANA ATTALINATU
OBJEKTU KONTROLEI UN VADIBAI

D.Gusevs, I.Gvardina, A.Kristins, S.Zelenkovs
Latvijas Universitates Cietvielu fizikas institits

Rabbit kontroleru izmantoSana lauj atteikties no papildus komunikaciju Itnijas
vilkSanas un praktiski nesagada griitibas informacijas parraidei lielos attalumos.

Dazadas mikrokontroleru modifikacijas lauj savakt informaciju tiesa veida no
kontaktdevejiem (herkoni, magnétisko cilpu kontroleri, kustibu devgji wu.c.),
informacijas nesgjiem, kuri darbojas uz standarta DS19xx bazes (identifikacijas
pogas, termometri un citas ierices) vai izmanto Wiegand protokolu (Proximity kartes).
Bez tam sakarus ar citam periferijas iekartam var uzturét caur standarta RS232/485
portiem (Iidz 5 gab.)

Sakarus ar galveno serveri kontroleri uztur izmantojot lokalos, korporativos
vai vispasaules tiklus, lietojot TCP/IP steku.
Praktiskais pielietojums:

1.Piekltsanas, kontroles un vadibas sisttma LatRosTrans firmai, kura sastav
no 24 kontroleriem (péc tehnologisko bloku skaita uz naftas vada Krievija —
Ventspils), servera, dispecera programmas (atrodas Daugavpili) un vairaku klientu
aplikaciju.

2.lebrauksSanas/izbraukSanas kontroles sistéma Latvijas Gazei, kura sastav no
trijam ar automatiski vadamam barjeram aprikotam iebrauktuvém/izbrauktuvém,
servera, administratora un sarga programmam, ka ari vairakam citu lietotaju
aplikacijam.

THE USING OF ,,RABBIT” MICROCONTROLLER FOR REMOTE
OBJECTS CONTROL PURPOSES

D.Gusevs, I.Gvardina, A.Kristins, S.Zelenkovs
Institute of Solid State Physics, University of Latvia

Rabbit controllers' usage makes possible to work without wiring of additional
communication lines and allows information transmitting in far distances practically
without difficulties.

Different modifications of microcontrollers permit to collect information due
from contact sensors (hercons, magnetic loop controllers, move detectors etc.), from
data carriers based on DS19XX protocol (iButtons, thermometers and others) or based
on Wiegand protocol (Proximity cards).

It is possible to connect the system with other peripheral devices via standard
RS232/485 ports (up to 5 pieces).

Controllers can provide communication with main server via TCP/IP stack by
using local, corporative or world wide nets.

Practical applications:

1. The system of access, control and management for LatRosTrans company.
This system consists of 24 controllers (number of technological blocks on Russia-
Ventspils oil pipeline), dispatcher program (in Daugavpils) and some client
applications.

2. Entrance control system for Latvijas Gaze company. This system consists of
three gates with automatic barriers, server, administrator and guard programs and
some other client applications.
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KVANTU DATORIKA UN JONU LAMATAS

D. Bocarovs un V. Kascejevs
Latvijas Universitates Cietvielu fizikas institits

Kvantu datorika ir loti jauna un aktiva zinatnes nozare [1]. P€dgjo desmit gadu laika
ta ir piesaistijusi lielu p€tnieku skaitu no fizikas, matematikas un datorzinatnes
jomam. Mg@s piedavajam T1su ieskatu kvantu datorikas galvenajas idejas un to
praktiskas realizacijas celos. Tiek apskatita kvantu informacijas definicija un 1pasibas,
uzskaititas jaunas iesp€jas skaitloSana un komunikacija, un iezimétas prasibas pret
kvantu datoru fiziku. Visparigas idejas tiek ilustrétas uz jonu lamatu pieméra, kas ir
viena no iespgjamam kvantu datora realizacijam [2]. Iesp€ja sasniegt lielu g-bitu
skaitu un ilgstosi saglabat koherenci padara So pieeju par vienu no dauzsoloSakam.

QUANTUM COMPUATION AND ION TRAPS

D. Bocharov and V. Kashcheyevs
Intstitute of Solid State Physics, University of Latvia

Quantum computation is a very young and active branch of science [1]. During the
last decade, it has attracted a large number of researchers from physics, mathematics
and computer science communities. We provide a brief exposition of the key ideas of
quantum computation and the ways towards their practical realization. We discuss
definition and properties of quantum information, list new possibilities in computation
and secure communication, and emphasize the demands on the physics of quantum
computers. General ideas are illustrated on a particular example of ion traps as a
potential realization of a quantum computer [2]. Scalability and long coherence times
make this approach one of the most promising.

[11 Quantum Information Science and Technology Roadmap, US Government
Technology Expert Panel Report (2002), http://qist.lanl.gov/

[2] A. Stean, The ion trap quantum information processor. - Appl. Phys. B 64 (1997)
623
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LATVIJAS SUPERKLASTERIS — DIVI SEKMIGI GADI

A. Kuzmins
Latvijas Universitates Cietvielu fizikas institits, LV-1063 Riga, Latvija

Modernaja zinatné daudzu problému risinasana pieprasa izmantot augstas
efektivitates datorus (high performance computing - HPC). Parasti §adas problémas
risina ar superdatoru palidzibu. PC-tipa datoru atruma straujais picaugums paver
relativi 1&tu un kapinosu HPC risinajumu, izmantojot klasteru tehnologijas. Seit més
sniedzam klastera risinajuma piemeru, kas izstradats un ieviests Latvijas Universitates
Cietvielu fizikas institita Latvijas Superklastera (Latvian SuperCluster - LASC)
projekta ietvaros. Dazas LASC izstrades detalas tiks sniegtas un tiks paraditi to
izmantoSanas pieméri nanomaterialu fizika.

LATVIAN SUPERCLUSTER (LASC) -TWO YEARS OF SUCCESS

A. Kuzmin
Institute of Solid State Physics, University of Latvia, LV-1063 Riga, Latvia

The solution of many problems in modern science requires the use of high
performance computing (HPC). Traditionally such problems are addressed using
supercomputers. However, recent tremendous increase in a speed of PC-type
computers opens relatively cheap and scalable solution for HPC using cluster
technologies. Here we present an example of cluster solution, implemented at the
Institute of Solid State Physics of the University of Latvia within the Latvian
SuperCluster (LASC) project. Some details of LASC realisation will be given, and
examples of its application in physics of nanomaterials will be shown.
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ATTALINATA UN DROSA PROGRAMNODROSINAJUMA NOMAINA
MIKROKONTROLEROS

P.Annus’, A Kristins
'APD, Igaunija, *Latvijas Universitates Cietvielu fizikas institiits

Atmel AVR platformai ir izstradati un dal€ji Tstenoti risinajumi attalinatai un
Tai ir jastrada pietieckami labi bez jebkadam 1pasam lietotaja darbibam un ta nedrikst
partraukt savu darbu vienkarsu kludu dél, kuras biitu veicis lietotajs vai jebkurs cits.
Tai ir jabut lietotdjam saprotamai. Cilvéki nevar un viniem nevajag uzticéties
sistémam, kuras vini nesaprot.
Arhitekttrai ir jabuit saglabatai vienkarsai un izskaidrojamai un pamatuzstadijumiem
ir jabiit "droSiem".
Aizsardziba nedrikst biit apejama, t.i. - aizsardzibai ir jabut pilnigai.

Lietosanai GPRS videé apakstikla ir paredzétas AT komandu grupa, PPP
protokols un IPv4 adresacija.

Informacija, kura tiek nosiitita uz IP "augsu" ir kod€ta un nav savietojama ar
standarta TCP/IP steku.

Visas sistémas péc noklus€juma nesniedz nekadu piekluvi, un, kamér nav
sniegta pieeja, (sistema) nesniedz nekadu atbildi par pasreizgjo statusu.

IepriekSmingtie risinajumi var tikt brivi pielietoti citam datu parraidiSanas
vajadzibam, jo droSibas un aizsardzibas prasibas ir tadas pasas vai zemakas. Vieniga
prasiba ir, ka citas datu parraides nekada zina nedrikst but kompromiss ar vispargjo
droSibu.

REMOTE AND SECURE UPDATING OF THE FIRMWARE IN
MICROCONTROLLERS

P.Annus', A.Kristil,lé2
"APD, Estonia, *Institute of Solid State Physics, University of Latvia

Solution has been developed and partly implemented on Atmel AVR platform for
remote and secure updating of the firmware. Following criteria has been chosen:

e It must work sufficiently well in the absence of any special action by the user
and must not fail due to simple errors whether on the part of the user or
anyone else.

e It must be understandable by the users. People cannot and should not trust
systems they don't understand.

e Architecture must be kept simple and explicable and the defaults should be
"safe".

e There should be no possible path around the protection, i.e. the defense should
be total.

For use in GPRS environment subset of AT commands, PPP protocol and IPv4
addressing is provided. Information sent on top of the IP is encrypted and is not
compliant with standard TCP/IP stack. All systems by default are to providing no
access at all, and until access is granted do not provide any feedback regarding current
status. Said solution can be freely used for other data transfer needs, since security
and safety requirements are same or lower, with only requirement being that other
data transfers should not compromise the overall security in any way.
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WEB MEZGLA OPTIMIZACIJA, IZEJOT NO DARBA SLODZES
NOVERTESANAS

D.Gusevs', V.Narnicka’, E.Petersons’
"Latvijas Universitates Cietvielu fizikas institiits
*lepirkumu uzraudzibas birojs
JRigas Tehniska Universitate

Internet tehnologiju attistiba ir veicinajusi Web mezglu un Web tehnologiju
izmanto$anas paplaSinasanu. Tagad Web tehnologijas tiek izmantotas ne tikai Internet
timekl1, bet ar1 iek$€jos korporativajos tiklos, ka art dazu korporativo uzdevumu
risinasana, ka saskarsmes elementi. IevieSot tadus risinajumus, ir jarékinas ar tehnisko
nodro$inajumu izmaksam, pareizi ir japlano sist€mas kapacitate, nepiecieSamo resursu
apjoms un to resursu iesp&jama konfiguracija. Parasti, risinot $adus uzdevumus,
palielina fiziska slana kapacitati, Iidz ar to palielinot izmaksas.

Darba tiek piedavata iesp€ja samazinat izdevumus, izmantojot esoSo resursu
optimizaciju. Lai veiktu optimizaciju tiks veikta darba slodzes analize, modelésana un
tiks izveidoti slodzes matematiskie modeli. Tas viss dos iesp&ju izstradat ieteikumus
pareizas resursu konfiguracijas izveidoSanai, ka arT laus prognozet iesp&jamos Web
sist€mas atteikumus un noverst tos.

WEB POINT OPTIMIZATION USING AMOUNT OF WORK EVALUATION

D.Gusevs', V.Narnicka’, E.Petersons’
Institute of Solid state Physics, University of Latvia
’Procurement monitoring bureau of Latvia
Riga Technical University

Grooving of internet technologies made Web servers and Web technologies
widely used. Now Web technologies are used not only for internet network, but also
for internal corporative networks and for corporative solutions as interface. To realize
this kind of solutions, we have to calculate technical resources costs, correctly plan
system’s capacity, necessary recourses volume and these recourses possible
configuration. Standard this problem solution is to increase physical layer volume, but
such solution is not cost effective.

There are presented possibilities to decrease costs using optimization of
existing recourses. To make optimization we have to make work flow analyze, model
and built work flow mathematic model. All this give possibility to make correct
recourses configurations guidelines, and also predict possible Web systems failures
and prevent them.
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TELEKLATBUTNE — E-REFERATI, E-LEKCIJAS UN E-SEMINARI

J. Kuzmins
LU Cietvielu fizikas institiits

Informacijas tehnologijas (IT) dod iesp&ju attistit virtualo izglitibu un zinatni.
Universitates un institiiti, kas izmanto modernus IT resursus, jau 20.g.s. sak
eksperimentét ar jaunam informacijas iegiSanas un izplatiSanas metodem. Sis
metodes nereti balstas uz t.s. teleklatbiitni — saiti starp objektu un subjektu, kas notiek
arpus to tiesa kontakta laika un/vai telpa.

Darba tiks apskatiti dazi teleklatbiitnes izmantoSanas varianti referatu, lekciju un
seminaru gadijjuma. Autors demonstrés e-referata pieméru, kas ilustrés dazZas
teleklatbiitnes iespgjas.

TELEPREZENCE - E-REPORTS, E-LECTURES UN E-SEMINARS

J. Kuzmin
Institute of Solid State Physics University of Latvia

Information Technologies (IT) are background for e-education and e-science.
At the end of XX many universities and institutes begun experiments with IT
implementation in development of new methods of gathering and dissemination
information. These methods usually are based on telepresence .

This work is devoted to some aspects of telepresence in creation reports, lectures
and seminars. Author will demonstrate an example of e-report to shove how to use
telepresence technology on practice.
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IMATRIKULETO STUDENTU AKADEMISKO ZINASANU STATISTISKA
DIAGNOSTIKA AUGSTSKOLA

U.Kanders, J.Klavin§
Latvijas Universitates Cietvielu fizikas institiits

Darba apliukotas studentu akadémisko zinaSanu statistiskas diagnostikas iespgjas.
Docgjamie studiju kursi ir aptverusi 1.-4. semestra klatienes un neklatienes studentus,
kas lava izdarit novérojumus, cik patstavigi un cik mérktiecigi studenti tiek gala ar
uzdotajiem darbiem. Studijas uzsak studenti ar stipri atSkirigu visparéjo sagatavotibas
limeni studijam, tai skaita, arT prasmés lietot datortehnologijas. Uznemsanas komisijas
dati par 1.semestra studentiem rada, ka vidusskolas atestata vid€jas atzimes atSkiras
par ~4 ballém. Sadas 4 ballu platas akadémisko zinaganu plaisas parvarésanai, piem.,
vienas akadémiskas grupas ietvaros ir nepiecieSami loti iedarbigi didaktiskie
instrumenti, lai nodroSinatu sekmigu jaunas vielas apguvi paredzetaja laika grafika un
apjoma. Turklat japanak, lai sekmigakie studenti negarlaikotos, bet mazak sekmigie
bezcerigi neatpaliktu no pirmajiem. Prakse paradijusi, ka elektroniskie studiju
materiali lauj sabalansét nodarbibu norisi. Savukart vidgji ~2 balles plata akadémisko
zinasanu plaisa noveérojama starp klatienes un neklatienes studentiem.

ACADEMIC KNOWLEDGE STATISTICAL DIAGNOSTIC OF FIRST TERM
STUDENTS AT UNIVERSITY

U.Kanders, J.Klavin§
Institute of Solid State Physics University of Latvia

The statistical diagnostic potential of an academic knowledge of first term
students has been considered on the basis upon the experience gained during several
years at an university by lecturing several courses on the use of IT in law within the
framework of the study programme of Public Law. The course discusses the use of
computer technologies in obtaining the information and the further processing and
analysis of the collected data. The courses lectured have covered 19-4™ term regular
and extra-mural students allowing to observe the independence and purposefulness of
students as regards the given tasks, namely, their skills of learning. Students
commence their studies being at very different levels of the general training, including
also skills of using computer technologies. The observations during several years have
shown that these differences are not reducing. The data of the Entrance Board of the
university concerned regarding 2000 — 2002 on the 1* term regular and extra-mural
students have been analyzed in the paper. 6 populations of regular and extra-mural
students within a period of three years have been analyzed. The average level of
knowledge according to the secondary education certificate differs for about 4 grades
between the first and the last student of the population in the list of the matriculated
students both for the regular and extra-mural studies. To overcome the 4-grade gaps in
the academic knowledge, for example, within one academic group highly effective
didactic instruments are necessary in order to ensure successful mastering of the new
material within the envisaged time schedule and amount. Moreover, the more
successful students must not be bored but those less successful must not lag behind
hopelessly. Practice has shown that the electronic study materials allow to balance the
class process. A gap of about 2 grades has been observed between the populations of
regular and extra-mural students.
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BUVKONSTRUKCIJU ENERGOEFEKTIVITATES MODELESANA UN
U-FAKTORA NOTEIKSANA ATSEVISKIEM BUVELEMENTIEM
PIRMS IEBUVESANAS UN EKSPLUATACIJAS PERIODA

U.Kanders', J.Klavin§', N.Zeltins?, K.Bormanis'
ULatvijas Universitates Cietvielu Fizikas institiits
?) LZA Fizikali Energétiskais institiits

Eku summarie siltuma zudumi, kurus izsauc iekstelpu siltuma apmaina ar ar€jo
vidi, ir atkarigi no €ku norobezojoSo konstrukciju fasazu, gridas un griestu
siltumtehniskajam 1pasibam, pieméram, U-faktora. Siltuma zudumu aprékinu metodes
tick bazStas uz €kas meéneSa energijas bilanci, kura ievérotas ickS$€jo un saules
energijas avotu dinamiskas ietekmes, kas nodrosina noteiktas iekstelpu temperatiiras
uzturéSanai vajadzigo siltuma daudzumu. Tad&jadi var novértét buvelementu U-
faktoru un kopigos siltuma zudumus, kurus nepiecieSams kompensét ar apkures
sisttmas dazado elementu palidzibu. Eku biivelementu siltuma akumulacija, kura
stingri stacionaras analizes gadijuma nav biutiska, parasti tiek ievérota saistiba ar
saules energijas un iek$€jo siltuma avotu izmantoSanas efektivitati.

P&tijuma izmantota atsevisku biivkonstrukciju siltumtehnisko 1pasibu modelésana,
pielietojot vienkarSu metodiku uz MS Excel datorprogrammas bazes. Darba ietvaros
tika modeléta buivkonstrukciju energoefektivitate saistiba ar siltumizolacijas materialu
siltumtehniskajiem parametriem. Tas ]ava modelét U-faktora vértibas un aprékinat
ietaupTto siltuma energiju caur dazadiem arsienu biivelementiem atkariba no siltumu
izol&josa slana fizikalajam Ipasibam jau pirms ta iebiiveésanas ekas konstrukeija.

MODELING OF ENERGY EFFICIENCY OF BUILDING CONSTRUCTIONS
AND THEIR U-VALUE DETERMINATION BEFORE INSTALLATION AND
POST-EVALUATION OF THERMAL PERFORMANCE OF ENVELOPES

U.Kanders', J.Klavin§', N.Zeltins’, K.Bormanis'
Dnstitute of Solid State Physics of the University of Latvia
I Institute of Physical Energetics of Latvian Academy of Science

Because of the occurrence of considerable heat exchange with the external
environment in the envelope of buildings, the total energy consumption of a building
depends on the thermal performance of the facade, floor and roof. Residential and
public houses are the major thermal energy consumers. It is estimated that building
space heating consumes some 65% of the total delivered heat by centralised district
heating plants. The using of the thermal insulation for the building envelope is an
enormous potential for energy savings. One of most important task is increasing of
thermal resistance values for wvarious building constructions. Therefore, the
measurement method of U-value in the field is required for post-evaluation of thermal
performance of envelopes. There have been several attempts at the in-situ
measurement of U-value. According to the result of the experiment there were
considerable divergences, particularly in heavy weight walls such as concrete,
between the measured U-value and the real value. By analysis, it was shown that this
error was caused by lateral heat loss in the wall, which accounted for about 50 % of
the supplied heat flow. A simple Excel program is developed for calculation heat
loses through the building envelope and its separate building elements. It calculates
the saved heat energy depending on the construction of thermal isolation layer on the
outside walls.
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