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STARPTAUTISKAISFIZIKAS GADS PASAULE UN LATVIJA

A.Kramins
Latvijas Universitates Cietvielu fizikas institits

ledzivotaju izpratne par fiziku un tas nozimi ikdienas dzive samazinas. Interese
par fizikas studijam ir neliela un mazas universitates fizikas nodalas tiek likvidetas. No
otras puses, ka atziméts ANO Generalas Asamblejas vestijuma, fizika veido pamatu
dabas procesu izpratnel un tas attistibai, fizika ir baze daudziem sodienas augsto
tehnologiju pielietojumiem un fizikas izglitiba veido zinatnisko pamatu, kas ir butiska
atistibai. 21. gs fizika kopa ar citam zinatném dod un dos lielu ieguldijumu globau
problemu risinasana — energijas ieguve, apkartéjas vides aizsardziba un iedzivotaju
veseliba.

Lai sisidgas popularizétu tauta un politiku aprindas ANO 2005.gadu pasludinaja
par Starptautisko fizikas gadu. Kadg] tiesi 2005? Pirms 100 gadiem Alberts Einsteins
nopublicgja darbus, kas veido pamatu trim fundamentalam fizikas problemam -
relativitates teorijai, kvantu teorijai un Brouna kustibai.

Referata apskatiti pasakumi, kas veltiti Starptautiskgjam fizikas gadam pasaule,
Latvija un LU CFI.

INTERNATIONAL YEAR OF PHYSICSIN WORLD AND LATVIA

A.Krumins
Institute of Solid State Physics University of Latvia

The genera public's awareness of physics and its importance in our daily life is
decreasing. The number of physics students has declined dramatically. Action must be
taken by the internationa physics community to share its visions and convictions about
physics with politicians and the public at large. Physics not only plays an important role
in the development of science and technology, but aso has a tremendous impact on our
society. Although this may be evident to physicists, it is not necessarily the case for
everyone. At the dawn of the 21st century the contributions of physics to other sciences
will be essential to solving globa problems such as energy production, environmenta
protection and public health.

In 1905, Albert Einstein wrote his legendary articles which provided the basis of
three fundamenta fields in physics. the theory of relativity, quantum theory and the
theory of Brownian motion. The Internationa Y ear of Physics in 2005 will provide the
opportunity to celebrate the 100th anniversary of this Miraculous Year while raising the
public awareness of physics. Arguably the most famous physicist, Einstein's international
reknown will be the natural vehicle to attract public interest.

Main activities of International Y ear of Physics have been analysed.



GAISMAS AKUMULESANASUN EMISIJASPROCES
K ONDENSETASVIDES

A. Silin$
LU Cietvielu fizikas institits, Kengaraga 8, Riga, LV — 1063

Kondensetas vides ir spgjigas uzkrat gaismas energiju ierosinatu (jonizétu)
luminiscences centru veida, no kuriem atbrivotie elektroni vai caurumi ir lokalizéti uz
kerajcentriem. Aktivie centri var bt gan piejaukumu atomi (joni), gan pasvielas defekti.
lerosinot kondensgtu vidi ar gaismu, kura ir spéjiga atraut elektronus vai caurumus no
luminiscences centriem, vide tiek akumuléta gaismas energija. Kerajcentros lokalizetos
elektronus vai caurumus var atbrivot, paaugstinot temperatiru vai ar infrasarkana
starojumaierosmi. Gaismas emisija paradas, kad no kerajcentriem atbrivotie elektroni vai
caurumi atgriezas atpakal luminiscences centros. No praktiska viedokla ir svarigi
paaugstinat aktivo centru koncentracijas kondenssta vidg, lai izveidotu reali stradajosu
gaismas akumulatoru. Tam noltikam btitu nepieciesams praktiski visus kondensetas vides
atomus parverst par aktiviem centriem.

LIGHT ACCUMULATION AND EMISSION PROCESSESIN CONDENSED
MATTERS

A. Silins
Institute of Solid State Physics, University of Latvia8 Kengaraga S.,
Riga, LV - 1063, Latvia

Condensed matter is able to accumulate light energy in excited (ionised)
luminescence centres from which electrons or holes are redized and localized in the
traps. These active centres may be impurity atoms (ions) or intrinsic defects. Light energy
accumulation occurs when luminescence centres are excited by radiation able to realise
electrons or holes from centres. In traps localized electrons or holes can be realised from
them by rising temperature or infrared irradiation. Light emission occurs when from traps
realised electrons or holes return to the excited luminescence centres. From practical
viewpoint it is necessary to increase the concentration of active centres in the condensed
matter. To use this substance as light accumulator, it will be necessary to convert
practically all atoms in the condensed matter to active centres.



PIEMAISIJUMU MODEL ESANA GaN

Andris Gulans
Latvijas Universitates Cietvielu fizikas institits

Izmantojot pirmo principu metodes, ir veikti ideala un punktveida defektus saturosa
heksagonala GaN aprekini. |dealam kristalam ir iegiiti rezga parametri a=3.20 A, ¢=5.20
A, u=0.377 un elastibas modulis B=206 GPa. legiitie lielumi labi sakrit ar citos darbos
eksperimentali iegutgiem. lzmantojot aprekinu shemu, kura deva mingtos rezultatus
idealam kristalam, tika model&ti punktveida defekti ( Mgea, ZNGa Cn, Un Siy), kuru izvéle
saistita ar to iespejamajiem lokalizetiem stavokliem aizliegtgja zona. Visas sistemas tika
aplikotas dazados ladinu stavoklos, kas ietekméja kristala rezga deformaciju gp defektu
un lokalo Itmenu izvietojumu aizliegtaja zona. Defektiem Zng, un Cy tika konstateti
akceptoru Iimeni, kuri atrodas 0.1-0.7 eV virs valences zonas virsotnes. Defektam Siy
konstatets dzili ITmeni, kuri ir izvietoti 1-2 eV attaluma no valences zonas virsotnes. Siy
rada ieverojamas deformacijas kristala; tuvako kaiminu relaksacija ir ~10%, kas rada
perturbacijas relativi liela kristala apgabala. Defektam Mgg, lokalie limeni netika
NOVEroti.

MODELLING OF IMPURITIESIN GaN

Andris Gulans
Institute of Solid State Physics of University of Latvia

Ab initio calculations are performed for perfect hexagona GaN and defective GaN.
Obtained lattice parameters of GaN a=3.20 A, ¢=5.20 A, u=0.377 and the bulk modulus
B=206 GPa are in agood agreement with experimental data. The calculation scheme that
gave these results for perfect crysta has been used for point defects (Mgga, ZNea, Cn, and
Sin) in different charge states. The point defects were chosen such that should have
localized states in the band gap. Acceptor levels 0.1-0.7 eV above the top of the valence
band have been observed for Zng, and Cy. Deep levels 1-2 eV above the top of the
valence band were obtained for impurity Siy that creates huge strains in its
neighbourhood. The obtained atomic relaxations of the nearest neighbours of Si atom are
~10%. It creates perturbations due to Siy impurity in a relatively large region. No local
levels have been obtained for Mgca



SIO;- KRISTALA AR RUTILA STRUKTURU LUMINISCENCE:
SALIDZINAJUMSAR a-KVARCA LUMINISCENCI

A.Truhins, J. Jansons
Latvijas Universitates Cietvielu fizikas institits

Petita stisovita kristala (SiO, kristals ar rutila struktiiru) luminiscences josla pie 4.75 eV
ierosinot paraugu ar rentgena un elektronu stariem. Sa luminiscence paradas tira
rekombinativa procesa ka termostimuléta luminiscence un ilgstosa pecspidésana pec
apstarosanas ar rentgena stariem. Luminiscence kingtika pétita ierosinot paraugu ar
impulsiem no elektronu lielgabala. Tika novérotas divas pamata komponentes. Atra (ap
10 ns), kuras registracijair ierobezota ar laika izskirtspeju, ka art 1eéna komponente simtu
ns laika intervala. Lénas komponentes kingtika ir sarezgita, ta negprakstas ne ar
eksponenti ne ar hiperbolu. Ilgstosa apstarosana ar rentgena stariem atklaj luminiscences
intensitates augsanu laika pie temperatiiram zemakam par 200 K. Pie 200 K kingtika ir
dilstosa, bet pie 290 K - ta ir neatkariga no laika. Sis rezultats ir izskaidrots ar
luminiscences centru vienlaicigu generésanas un iznicinasanas procesu, kurs ir atkarigs
no temperatiiras. ST rentgena ierosinata ultravioleta luminiscence stisovitam ir salidzinata
ar ultravioleto luminiscenci, kuru novéro kristaliska a-kvarca ierosinot to ar el ektroniem.
So joslu a-kvarca nenovéro gpstarojot paraugu ar rentgenstariem, bet novéro apstarojot ar
gamma va neitronu stariem. Petitai luminiscence ir zinama lidziba ar luminiscenci, ko
dod skabek]a deficita centri kvarca stikla.

SIO2 RUTILE-LIKE CRYSTALSUV LUMINESCENCE: COMPARISONWITH
LUMINESCENCE OF a-QUARTZ

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

The processes of excitation of the luminescence band at 4.75 €V in stishovite single
crystal samples under x-ray and electron-beam irradiation were studied. Luminescence
appears in a pure recombination process (thermally stimulated luminescence, long
duration afterglow) under x-ray irradiation. A fast (about 10 ns, limited by resolution of
measurement system) and a slow component of decay of luminescence, neither
exponential nor pure hyperbolic, were detected under pulsed electron beam. The long
duration x-ray excitation (tens of minutes) reveas a growth of the intensity. The character
of the kinetics is dependent on the temperature, being fast at 290 K, it declines from the
initial level at 200 K, and then for lower temperatures a rise-up appears. The result is
explaned as a luminescence center creation-destruction processes depending on
temperature. This UV luminescence band could be observed even at 290 K, and, it was
concluded that intra-center quenching of luminescence is not limiting the intensity. the
therma dependence of the intensity is determined mainly by peculiarities of the
temperature dependence of the recombination process. The UV band of stishovite is
compared with the cathodoluminescence band at 4.9 eV in a-quartz, which could not be
created by x-ray irradiation. the latter is associated with transient centres created by
destructive electron-beam irradiation or with permanent centres created by neutron or g
irradiation, and with oxygen-deficient luminescence of silicaglass.



SrF,:Ce KRISTALU EPR SPEKTRI

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

No literatiiras zinams par ta sauktajiem Ce tetragonalgjiem centriem SrF, kristalos
[1,2]. CE*" pigjaukuma jons $aa modelT aizvieto S°* jonu un ladina kompensacijai

tetragonalas ass [100] virziena atrodas F starpmezgla jons [2]. Tetragonala centra EPR
spektru iespgjams noverot 4,2K temperatira un ta gavenie parametri ir:
g,=2,854+ 0,003 ung, =1,472+ 0,002 [1].

Misu patreizéja petijuma tiek gpliikota iespgja novert EPR spektru Ce joniem t.s.
kubiskas simetrijas apkartne. Masu riciba ir E. Radzabova un kolegu (Irkutskas
Geokimijas instituts) izaudzets SrF; kristala paraugs, kura paredzams, ka Ce ir ieaudzis
kubiskaja simetrija. Saja referata tiks apspriests, kadiem jaizskatas Ce EPR spektriem un
nosacijumi, pie kadiem tos var noverot.

[1] A.A. Antipin et al, FizikaTverdogo Tela, 1964, vol. 6, No 7, pp. 2014-2016.
[2] A. Kiel and W.B. Mims, Phys. Rev. B, 1972, pp. 34-39.

EPR SPECTRA OF SrF,:CeCRYSTALS

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

In literature so caled tetragonal Ce centresin StF, crystals are well studied [1,2]. ce®

impurity in this model substitutes s ion, and for the charge compensation a F
interstitial ion is located in the direction of the tetragonal [100] axis of the crystal [2].
EPR spectrum of the tetragonal ce®* centre is observable at temperature T = 4,2 K and its
main parameters are: g,=2,854+ 0,003 and g. =1,472+ 0,002 [1].

In our present investigation we consider the possibility to observe EPR spectra for Ce
ions in so caled cubic symmetry. We obtained from E. Radzhabov (Institute of
Geochemistry) a SrF; crystal, were it is supposed that Ce is grown in the cubic symmetry
environment. We will discuss the EPR spectrums of Ce ions and necessary conditions to
observe it.

[1] A.A. Antipin et al, Fizika Tverdogo Tela, 1964, vol. 6, No 7, pp. 2014-2016.
[2] A. Kiel and W.B. Mims, Phys. Rev. B, 1972, pp. 34-39.



RADIACIJASDEFEKTUEPR LiYF4KRISTALA

A. Fedotovs, U.Rogulis, L. Dimitroéenko
Latvijas Universitates Cietvielu fizikas institits

Radiacijas defekti LiYF,4 kristalos ir pétiti ar optiskam un elektronu paramagnétiskas
rezonanses (EPR) metodém [1], péc rentgenapstarosanas 77 K temperatiira darba [1]
identificéts Vk centra EPR spekirs.

Misu darba uzmaniba pievérsta istabas temperatiira rentgenapstarota LiY F, kristala
noverojamajiem EPR spektriem 9 GHz mikrovilpu josla. Kristals tika izaudzets Cietvielu
fizikas indittta un tam noteikta optiska ass c. 77 K temperatiira izmeritie EPR spektri ir
anizotropi, ar dalgji izskirtu hipersikstruktiru. Pec noteiktgiam g-faktoru vértibam
domajams, ka spektros novérojami divi radiacijas defekti, no kuriem viens ir elektronu
kerajcentrs, bet otrs- caurumu kérajcentrs. Referata tiks analizétas EPR spektru lenkiskas
atkaribas un apspriesta iespgjama defektu struktiira.

[1] G.M. Renfro et al, J. of Phys. C: Solid State Physics, 1980, vol. 13, pp. 1941-1950.

EPR OF RADIATION DEFECTSIN LiYF,CRYSTAL

A. Fedotovs, U.Rogulis, L. Dimitroéenko
Institute of Solid State Physics, University of Latvia

Radiation defects in LiYF, crystals have been investigated recently by optical and
electron paramagnetic resonance techniques [1], after X-irradiation at temperature
T =77 K the spectrum of the V centre has been identified.

In the present work we investigated EPR spectrain the 9 GHz microwave range of the
LiYF,4 crystal, X-irradiated at room temperature. The crystal was grown in the Institute of
solid state physics and its optica axis ¢ has been detemined. EPR spectra measured at
T =77 K are anisotrope, with partially resolved hyperfine sturcture. According to the
estimated g-values, we propose that EPR gspectra of two radiation defects could be
observed, one of them is an electron trap centre and the second one- an hole trap centre.
Angular dependencies of the EPR spectra and a possible structure of defects will be
discussed.

[1] G.M. Renfro et al, J. of Phys. C: Solid State Physics, 1980, vol. 13, pp. 1941-1950.



FOTO- UN TERMOSTIMULETIE PROCESI CsCdFs:Mn KRISTALOS

A. Sarakovskis, M. Springis
Latvijas Universitates Cietvielu fizikas institits

Perovskita struktiras fluoru saturosie kristali ar retzemju un citu aktivatoru
pigaukumiem ir perspektivi materiali lazeru matricam un jonizgjosa starojuma
detektoriem. Radiacijas raditie efekti petiti vairakos fluoridos un tgos atrasti galvenie
punktveida defekti (F- un V- tipa centri). Pavisam maz zinams par radiacijas efektiem
CsCdF; kristalos.

Seit més prezentgjam foto- un termostimulétas luminiscences (PSL un TSL)
petijumus ieprieks rentgenizétam CsCdFs kristalam ar Mn pigjaukumiem. Pec kristala
rentgengpstarosanas paradas PSL jodas ap 300 un 550 nm, kristalu stimul&jot ar 340 nm
gaismu. Pec Molvo-Aivi sakaribas sarmmetalu halogenidu kristaliem absorbcija gp 340
nm CsCdF; kristalos varétu atbilst F-tipa centru absorbcijai. Sildot ieprieks pie 8 K
rentgenizétu kristalu lidz istabas temperatirai, tika novérotas TSL joslu grupas 8 K — 90
K un 200 K — 300 K rgona. TSL joslu spektralais sastavs sim grupam ir dazads: pie
zemakas temperatiras TSL spektra domingé luminiscences josla ap 300 nm, bet pie
augstakam temperatiiram intensivakaklust josla gp 550 nm.

Veiktie petijumi ka art ieprieksgjie dati par Iidzigiem kristaliem lauj luminiscences
joslu ap 550 nm attiecinat uz Mn saturosu centru luminiscenci, bet luminiscence ap 300
nm skiet saistita ar elektronu rekombinaciju ar V- tipa centriem.

PHOTO- AND THERMOSTIMULATED PROCESSES
IN CsCdF3:Mn CRYSTALS

A. Sharakovsky, M. Springis
Institute of Solid State Physics, University of Latvia

Perovskite type fluoride crystals doped with rare-earth ions and other activators are
promising materials for laser hosts and detectors of ionising radiation. The radiation-
induced effects have been studied in a number of fluorides and the main defects (F- and
Vi -type) have been identified. Considerably less information on radiation effects is
available for CsCdFs.

Here we present a study of photo- and thermostimulated luminescence (PSL and
TSL respectively) of previously X-irradiated CsCdF; crystal doped with Mn. After the
irradiation, PSL bands at 300 and 550 nm agppear (stimulation at 340 nm). According to
the Mollwo—Ivey relation for alkai halide crystals the stimulation band at 340 nm in
CsCdF; seems to be the absorption band of an F-type centre. Subsequent heating of the
crystal after X-irradiation at 8 K shows two groups of TSL peaksin temperature regions 8
K —90 K and 200 K — 300 K. The spectra composition of the peaks involves both the
emission band a 300 nm and 550 nm, moreover in spectra at low temperatures 300 nm
emission band prevails, while in spectra of the most intense TSL peaks at 245 K and 295
K the emission band at 550 nm is dominant.

Performed experiments as well as previous studies of fluoride crystals doped with
Mn*"-like ions allow us to attribute the luminescence at 550 nm to the Mn-related centre
luminescence, while the other band at 300 nm seems to be an electron recombination with
V-type centre.

10



BN PLANO KARTINU KATODLUMINISCENCE

A.Voitkans, |. Tale, J. Jansons
Latvijas Universitates Cietvielu fizikas institits

1l =V grupas nitridu materiali rod plasu pielietojumu pusvaditaju elektrisko un
optisko ietaisu izveidg, jo to aizliegtas zonas platums mainas no 1.9 eV furcita (InN)
Iidz 6.2 eV kubiskam BN. Tas layj lietot Sos materialus lazeru diozu (LED) izveidel gan
redzamaja, gan tuvaja UV spektra dala.

Tika pétita BN planas kartinas katodluminiscence. No Rostokas kolégiem sapemtas
kartinas biezums 0.77 pm un ta ir uzklata uz silicija pamatnes. Noverota luminiscence
raksturojas ar domingjoso joslu pie 330 nm un vairakam mazak intensivam luminiscences
joslam. Analogas luminiscences joslas raksturigas heksagonalam BN struktiiram gan pie
elektronu gan optiskas ierosmes. Turpinot petijumus vélams merjjumus atkartot uz
biezakam BN kartinam, kas lautu iegat intensivaku luminiscences starojumul.

CATHODOLUMINESCENCE OF BN FILMS

A.Voitkans, . Tale, J. Jansons
Institute of Solid State Physics, University of Latvia

The development of 111-V group nitride materials is of considerable interest for
semiconductor electronic and optical device applications. The band gaps of I11-V group
nitrides range from 1.9 eV for wurtzitic InN to greater than 6.2 eV for cubic BN, making
these materials well suited for optical applications throughout the visble and into the
near-UV region.

Investigation of BN thin film cathodoluminescence has been performed. Thickness of
BN thin film received from Rostock colleagues was 0.77 um, and was grown on S
substrate. Cathodoluminescence of BN thin film characterizes with dominant
luminescence band at 330 nm and some other less intensive luminescence bands. The
same bands are observed in spectra of photoluminescence and they are typica for
hexagonal structures of BN. In further research it is recommendable to perform
investigations on thicker BN films to obtain more intensive luminescence for precise and
detail determination of luminescence parameters.

11



TERMOSTIMULETIE REKOMBINACIJASPROCES
FLUORIDU KRISTALOS

I. Gromuls, P. Kiilis, I. Tale
Latvijas Universitates Cietvielu fizikas institits

Apskatiti radiacijas defektu rasanas un rekombinacijas proces LiF, BaF, un LiBaFs
kristalos ar optiskas absorbcijas, termostimulétas (TSL) un frakciongtas termostimulétas
luminiscences metodem. Ar X-stariem raditie defekti LiBaF; atdedzinas daudz stadiju
procesa pie 20, 46, 105, 130, 170, 210 un 270 K. Sie procesi tiek salidzinati ar LiF un
BaF; defektu izdedzinasanas procesiem. |zmantojot starpibas starp absorbcijas spektriem
meritiem pirms un pec TSL maksmumiem iegitas rekombinacijas partneru iespéjamas
absorbcijasjodlas.

LiBaFs Autolokalizetu caurumu termostimulétas migracijas tunela rekombinacija
nosaka TSL maksimumus pie 105 unl30 K. Divu TSL piku paradisanas Vg-centru
delokalizacijas rgjona norada, ka ta notiek gan ar 60°, gan ar 90° migracijas lecieniem.
V-centru absorbcijaraksturojas ar divam joslam pie 3,2 un 4,3 eV.

THERMOSTIMULATED RECOMBINATION PROCESSES
INFLUORIDE CRYSTALS

I. Gromuls, P. Kiilis, |. Tale
Institute of Solid State Physics, University of Latvia

Creation of radiation defects in LiF, BaF, and LiBaF; crystas and their
thermostimulated recombination process are investigated. Methods of optical asorption,
thermal bleaching of colour centres, thermostimulated luminescence (TSL) and fractional
glow technique are used. The radiation defects in LiBaF; 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. These processes are to
be compared to similar processesin LiF and BaF.

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

12



SK ABEK L1 SATUROSU DEFEK TU SPEKTRALAISRAK STUROJUMS
NANOMATERIAL A — AIN NANOADATAS

A.Auzipa, L.Trinklere, B.Bérzina
Latvijas Universitates Cietvielu fizikas institits, Kengaraga iela 8, Riga

Aluminija nitrids pieder pie platzonu pusvaditajiem, un ta spektralas ipasibas Platzonu
materialu laboratorija tiek pétitas jau ilgaku laiku. Ir paradits, ka AIN keramika
luminiscences procesus un gaismas radito energijas uzkrasanos galvenokart nosaka
skabekli saturosi defekti. Nesen Taipegjas Universitate Tavana tika sintezéts AIN
nanomaterials, ko veido nanoadatas. Masu spektralie pétijumi paradija, ka Sgja materiala
a1 ir noverojama neliela to pasu skabekli saturoso defektu klatbutne, kas paradas
makromateriala — AIN keramika, tomér nanomateriala ir novérojami afi atskirigi
[uminiscences ierosinasanas mehanismi, salidzinot ar makromaterialu [1].

Saja darba tiek pétitas un salidzinatas spektralas ipasibas (fotoluminiscences spektri un
to ierosmes spektri) diviem AIN nanomatrialu veidiem: sintezétam nanoadatam un
nanoadatam, kuram ir veikta skabekla implantacija. Ir atrasts, ka skabekla implantacija
palielina skabekli saturoso defektu koncentraciju. Bez tam, ir noverojami a1 sarezgitaki
defektu kompleksi, kuru luminiscences jodas ir nobiditas vairak uz spektra mazo energiju
pusi, salidzinot ar sakotngjo materialu.

SPECTRAL CHARACTERISTICS OF OXYGEN RELATED DEFECTSIN AIN
NANOTIPS

A.Auzina, L.Trinkler, B.Berzina
Institute of Solid State Physics, University of Latvia;
8 Kengaraga Str., LV-1063, Riga Latvia.

Aluminum nitride is one of the wide band gap semiconductors, which are studied in the
laboratory of Wide band gap materials for along time. In AIN ceramics arole of oxygen-
related defects in the luminescence processes and light-induced energy accumulation is
established. Recently in Taipei University, Tawan the nanostructured AIN material is
sintered in a form of nanotips. Our investigations of spectra characteristics of the AIN
nanotips showed [1] that a small amount of oxygen-related defects, known in AIN
ceramics are aso observed in the nanotips, whereas, the luminescence excitation
mechanisms differs from those observed in the bulk material.

The present investigation is devoted to study and comparison of spectra
characteristics (photoluminescence spectra and their excitation spectra) in two types of
AIN nanotipes. as grown and treated under the oxygen implantation. It was found, that
the oxygen implantation increases a concentration of the oxygen-related defects. Besides,
some new more complex defect types are also observed with luminescence bands shifted
towards the lower energies in the spectrum in comparison with those observed before the
oxygen implantation.

[1] L.Trinkler, B.Berzina, S.C. Shi, L.C.Chen, M .Benabdesselam and P.lacconi. UV light
induced luminescence processes in AIN nanotips and ceramics. phys. stat. sol. (c) 2, Nol,
(2005) 334-338.

HEK SAGONAL A BORA NITRIDA SPEK TRALASIPASIBAS
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R.Krutohvostovs, L.Trinklere, B.Berzina
Latvijas Universitates Cietvielu fizikas institits, Kengaraga iela 8, Riga

Bora nitrids pieder pie platzonu materialiem un tam ir raksturigas vairakas kristaliskas
formas. Heksagonalais bora nitrids ir izeimaterials nanomateriala sintezésanai. BN
nanocaurules ir nesen sintezétas Wake Forest Universitate, ASV un spektrali pétitas misu
|aboratorija. Tapec pamatmateriala— h-BN spektralie petijumi ir svarigi, lai varetu atskirt
un raksturot tiesi BN nanocaurulu spektralas ipasibas.

Seja darba tiek pétitas sekojosas h-BN pulvera (makromateriala) spektralas ipasibas:
(fotoluminiscences spektri, tas ierosinasana un termoluminescence). Fotoluminiscences
spektrs veido platu asimetrisku joslu ar maksimumu pie ~320 nm, kura ierosinas gan
fundamentalas absorbcijas spektra garo vilnu mala pie 220 nm, gan arf 280 nm jodla.
Termoluminiscencg paradas trisi maksimumi pie 80 C, 270 C un 340 C, pie tam pedgjais
maksimums ir domingjosais. legitie rezultati atskiras no nanomateriala noverotajiem [1].

THE SPECTRAL CHARACTERISTICSOF HEXAGONAL BORON NITRIDE

R.Krutohvostov, L.Trinkler, B.Berzina
Institute of Solid State Physics, University of Latvia;
8 Kengaraga Str., LV-1063, Riga Latvia.

Boron nitride is one of the wide band gap materials crystallizing in several differing
structures. The hexagonal boron nitride is abulk material for sintering nanomaterial - BN
nanotubes, which are recently produced in Wake Forest University, USA and spectraly
investigated in our laboratory. Therefore, investigation of spectral characteristics of the
bulk material — h-BN is necessary for spectral characterization of the multiwalled
nanotubes.

The present study includes investigation of some spectral characteristics
(photoluminescence spectra, its excitation and thermoluminescence) of h-BN powder — a
bulk material. It was observed that the photoluminescence spectrum forms a wide
asymmetric band with maximum a 320 nm, which can be excited at the edge of
fundamental absorption at ~220 nm and at the excitation band at 280 nm. Three different
peaks of thermoluminescence are observed at 80 C, 270 C and 340 C, where the last is
the predominant. The results obtained differ from those observed for the h-BN nanotubes

[1].
[1] B. Berzing, L. Trinkler, R. Krutohvostov, R. T. Williams, D. L. Carroll, R. Czerw,

and E. Shishonok. Photoluminescence excitation spectroscopy in boron nitride nanotubes
compared to microcrystalline h-BN and c-BN. phys. stat. sol. (c) 2, No1, (2005) 318-321.
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[11-V GRUPASELEMENTU PLATZONU MATERIAL U SPEK TRAL O IPASIBU
PETIJUMI

B.Bérzipa, L. Trinklere, R.Krutohvostovs un A.Auzina
Latvijas Universitates Cietvielu fizikas institits, Kengaraga iela 8, Riga

Strauja zinatnu ietilpigas tehnikas attistiba pieprasa jaunu materialu izveidosanu, kas
spetu uzkrat arvien lielaku informaciju, stradat arvien atrak un kuru izmerus varétu
butiski samazinat. Vienu grupu no sadiem materialiem veido AIN, dazas BN
modifikacijas un dimanti, kuru pielietojumi ir perspektivi gan optoelektronika gan ari
dozimetrija. Bez tam, pédgjas desmitgades laika no jau minétiem materialiem ir izveidoti
dazadi nanomateriali: nanocaurules un nanoadatas, kuru ipasibas atskiras no attiecigo
makromaterialu ipasibam.

Pedeja desmitgade LU CFl Platzonu materialu laboratorija tiek veikti spektralie
petijumi jau mingtgja materialu grupa, kas ietver AIN keramiku, c-BN keramiku, c-BN
monokristalus, dabigos un sintétiskos dimantus ka ari h-BN nanocaurules un AIN
nanoadatas. Tiek petitas materialu spektralas ipasibas un gaismas raditas energijas
uzkrasanas un tas atbrivosana. Dala pétijumu tiek velkta kopa ar sadarbibas partneriem no
citam laboratorijam. legutie rezultati ietver informaciju par luminiscences mehanismiem,
gaismas energijas uzkrasanas un tas atbrivosanas procesiem, un dazreiz ir iespgjams art
noteikt defektu strukttru. Ir konstatéts, ka AIN keramika vargtu bat perspektivs materials
UV gaismas dozimetrija.

SPECTRAL CHARACTERIZATION OF SOME WIDE BAND GAP MATERIALS
FORMED FROM 111-V GROUP ELEMENTS

B.Berzina, L.Trinkler, R.Krutohvostov, and A.Auzina
Institute of Solid State Physics, University of Latvia;
8 Kengaraga Str., LV-1063, Riga Latvia.

Rapid development of technical needs ever requires elaboration of new materials, which
could accumulate huge information, work more and more quickly and reduce their
dimensions as far as possible. The wide band gap materias: AIN, several modifications
of BN and diamonds forms one group of such materials, which are promising for various
applications including optoelectronics and dosimetry. Besides the bulk materias, during
the last decade different types of nanomaterials including nanotubes and nanotips are
sintered having the different properties from the bulk material.

During the last decade the laboratory of Wide band gap materias are working on
investigation of spectra characteristics and light-induced energy accumulation in bulk
materials: AIN ceramics, c-BN ceramics, c-BN single crystals, natural and synthetic
diamonds as well as in h-BN nanotubes and AIN nanotips. Part of investigations was
performed together with the collaboration partners from abroad. The results obtained
contain information about the luminescence mechanisms, processes of energy
accumulation and release as well as sometimes is possible to reveal the defect structure.
Applicability of AIN ceramicsin UV light dosimetry is proposed.
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LUMINOFORI DIELEKTRISKASBARJERASIEROBEZOTAS
IZLADESLAMPAS

V. Pankratovs
Latvijas Universitates Cietvielu Fizikas I nstitits

Atbilstosi apkartejas vides aizsardzibas prasibam pasreiz visa pasaulé apgasmosanas
spuldzu razotaji censas samazinat dzivsudraba saturu luminiscentas lampas. Labakais
risinajums varétu bat dzivsudrabu saturoso lampu aizvietosana ar lampam, kuras izlade
notiek cglgaze. Lampu mekigjumos ir atrasts, ka starp daudzam citam, Xe eksimgru
lampas ir efektivs speciga UV starojuma avots. Sim lampam ir liela industriala
pielietojuma iespgjas. So lampu darbibas pamata ir fotoluminiscence, ko ierosina ar
dielektriskas barjeras ierobezotu izladi (DBIlI) Xe eksimeros. lzlade izsuuc fotonu
emisiju no Xe eksmeériem un emisijas saméra platais spektralais sadalijums ir centréts ap
172 nm (7.3 eV). La parvérstu so UV emisiju redzamga gaisma ir nepieciesams
luminofors ar lielu parvérsanas efektivitati ,UV-redzamagaisma’.

Ar retzemju elementiem aktiveti dazi fluoridi (YFs, LiGdF,, CaF,) un ar eiropiju
aktivets BaMgAl0017 (BAM) tikailgstosi apstaroti DBI I lampas to darbibas laika. Sadas
apstrades rezultata noverota stipra krasas izmaina fluoridu pulveriem. No otras puses
BAM tikanovérotas tipra Eu** emisijas degradacija

Petitas mingto materialu optiskas ipasibas un apspriesta nevélamas krasas mainas
daba un céloni fluoridos, ka arf Eu** emisijas degradacijaBAM.

PHOSPHORS FOR DIELECTRIC BARRIER DISCHARGE
EXCIMER LAMPS

V. Pankratov
Institute of Solid State Physics University of Latvia

World's lamp manufactures aim at a reduction of the mercury content of fluorescent
lamps driven by environmental arguments. One of the best alternatives for mercury lamps
can be lamps based on noble gas discharges. Besides others, the Xe excimer lamp has
been found to be an efficient source of high power UV radiation offering great potentia
for industrial applications. The operation of such lamps is based on the
photoluminescence excited by a dielectric barrier discharge (DBD) of xenon eximers.
The Xe excimer discharges creates photons with a quite broad spectra distribution
around 172 nm (7.3 eV). In order to transform UV emission into visible light phosphors
with high conversion efficiency are required.

Some fluoride (Y3, LiGdF,, CaF,) doped by rare earth ions and BaMgAl o O17
complex oxide doped by europium (BAM) were treated during the prolong operation in
DBD excimer xenon lamp. As a result of such treatment the strong discolorations of the
fluoride powders have been observed. On the other hand, a strong degradation of Eu®*
emission was observed in BAM.

Optical properties of investigated materials have been studied and nature of
unwanted discolorations and their properties in investigated fluorides as well as europium
emission degradation in BAM will be discussed.

DZELZSPIEMAISIJUMA IETEKME UZ SCINTILLACIJAS
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IMPULSA PARAMETRIEM

S.Cernovs, D.Millers, L.Grigorjeva
Latvijas Universitates Cietvielu fizikasinstitits, Riga, Latvija

Apskatita elektronisko ierosinajumu relaksacija ZnWO, un ZnWO,:Fe scintillatoros,
nemot véra elektronu un caurumu rekombinaciju korelétos paros. Andizéta Fe**
piemaisjuma ietekme uz pasvielas luminiscences impulsa augsanas fronti un
luminiscences intensitati ierosinot kristalus ar elektronu kala impulsiem. lzvirzita
hipoteze, ka rekombingjot koreléta para elektronam un caurumam Fe** piemaisijuma
tuvuma, piemaisijuma jona Kulona lauks samazina autolokalizeta eksitona izveidosanas
varbutibu saidzinajuma ar rekombinaciju ideala rezgi. Eksperimenta to novéro ka
pasvielas luminiscences impulsa augsanas laika palielinasanos ZnWO,:Fe salidzinajuma
a ZnWO,. Lielas Fe** koncentracijas gadijuma attalums starp Fe**- centriem un
koreletiem elektronu-caurumu pariem ir mazs, kade] gan elektroni, gan caurumi var tikt
sakerti uz dazados ladina stavoklos esosiem Fe joniem un Iidz ar to samazinas pasvielas
[uminiscences kvantu iznakums.

INFLUENCE OF IRON IMPURITIESON ZnWO,4 SCINTITATION
PULSE PARAMETERS

S.Chernov, D.Millers, L.Grigorjeva
Institute of Solid State Physics, University of Latvia, Riga

The relaxation of electronic excitations in ZnWQO, and ZnWO,:Fe scintillating crystals is
discussed in the terms of electron-hole recombination within correlated pairs. The effect
of Fe*" impurity ions on intrinsic luminescence rise-time and yield under pulsed electron
beam excitation is analysed. It is assumed that the self-trapping of correlated electron-
hole pair in vicinity of Fe** impurity results in lover probability of recombination via
self-trapped exciton state if compared with the regular lattice. It was observed in
experiments as an increase of rise-time of intrinsic luminescence pulse in ZnWO,
compared with that in ZnWO,. The distance between correlated electron-hole pair and
Fe* become small for large Fe** concentration and both electron and hole could be
trapped at Fe being in the different charge states relative to the lattice and intrinsic
luminescence yield decreases.
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YVO4UN YVO4Nd KRISTALU SPEKTRALI-KINETISK ASTPASIBAS

T.Dudareva
Latvijas Universitates Cietvielu fizikas Institits

YVO, ir praktiskai izmantosana daudzsoloss materials. YVO4Nd aktiveto
kristalu izmanto par diozu pumpéta cietvielu lazera aktivo elementu.

Darba merkis ir i) noskaidrot pasvielu defektu ietekmi uz YVO, spektrali-
kingtiskam 1pasibam; ii) noteikt pasvielas luminiscences dzives laikus neaktivetiem un ar
Nd aktivetiem kristaliem; iii) noteikt Nd ierosinata stavokla dzives laikus YV O, kristalos
ar dazadu Nd piemaisijumu koncentraciju.

Tika registréti stacionaras absorbcijas spektri neaktivetiem YVO. un YVO4:Nd
(0,27% un 0,7%) aktivetiem kristaliem. Fundamentalas absorbcijas malas pakajé
neaktivétiem YVO, paraugiem novérojama absorbcijas josla (2,6 — 3,4 eV), kuras
intensitate, saskana ar literatiiras datiem, ir atkariga no skabekla deficita kristala. Tika
registréti 1si dzivojosas optiskas absorbcijas spektri un peétitas inducétas absorbcijas
relaksacijas kingtikas. Novérota optiskas absorbcijas relaksacijas lalka samazinasanas
YV O4:Nd kristalos salidzinot ar neaktivetiem YV O, kristaliem.

Izmantojot luminiscento metodiku ar izskirsanu laika registréti luminiscences
spektri un kingtikas neaktivetiem YVO, un YVO4Nd kristaliem. Noteikti pasvielas
luminiscences dzives laiki un Nd ierosinata stavokla dzives laiki ierosinot luminiscenci ar
impulsalazeru un elektronu kali.

SPECTRAL AND KINETIK PROPERTIESOF YVO4UN YVO4ND CRYSTALS

T.Dudareva
Institute of Solid State Physics, University of Latvia

YVO;, is an important emerging optical material. When doped with Nd, it has
proven to be an excellent solid-state laser host with characteristics especialy suited for
diode pumping.

The goal of present work is: i) to clear up the role of intrinsic defects to spectrd
and Kkinetic properties; ii) to determine decay times of intrinsic luminescence for
undoped and Nd doped crystals; iii) to determine decay times of Nd excited state in
YV O, crystals with different Nd concentration.

Stationary absorption spectra were registered for undoped YVO, and YVO,4:Nd
(0,27% and 0,7%) crystals. The absorption band (2.6 — 3.4 eV) was observed in undoped
YVO, crystas in fundamenta absorption edge region. The intensity of this optical band
(in accordance with literature) depends on oxygen deficiency in the crystals. Induced
optical absorption spectra were registered and induced absorption relaxation kinetic was
investigated. It is shown that optical absorption relaxation time decreases when crystals
are doped with Nd.

The time-resolved luminescence and decay kinetics of undoped YVO, and
YVO4Nd were studied under pulsed electron beam and pulsed UV laser beam
excitation. The life-times of intrinsic luminescence and life-time of Nd excited state were
determined.
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TERMISKO SVARSTIBU AMPLITUDASJONU KRISTALOS

J.Gabrusenoks
Latvijas Universitates Cietvielu fizikas institits

Darba tika veikti ReO3; un Cu,O rezgu svarstibu aprekini. Rezga speka lauka parametri ir
noteikti, izmantojot svarstibu frekvences dazos Briljuena zonas punktos.

Ir gprekinatas atomu svarstibu amplitidas un atomu relativas svarstibu amplitidas. ReOs
kristala skabekla joniem ir spéciga svarstibu anizotropija. Re un O jonu svarstibas ir
specigi korelétas. Tuvako Re jonu svarstibas ir korelétas. Tacu Re jonu, kuri atrodas

virziena <111>, svarstibas ir vaji korelétas.

AMPLITUDESOF THERMAL VIBRATIONSOF THE IONIC CRYSTALLS

J.Gabrusenoks
Institute of Solid State Physics University of Latvia

Calculation of lattice vibrations for ReO; and Cu,O have been carried out. Force
constants have been determined by using vibration frequency in different points of
Brillouin zone.

Mean square displacement and mean square relativ displacement of atoms have been
calculated. Oxygen ions in the lattice of ReOs; have strong anisotropy of vibration.
Vibrations of Re and O are correlated. Vibrations of nearest Re atoms are significantly
correlated. Anyway, vibrations of Re atomsin direction <111> are slightly correl ated.

19



STRUKTURA UN FAZU PAREJAS



RENTGENABSORBCIJAS SPEK TRU
KVANTU KIMISKA INTERPRETACIJA

D.Bocarovs, A.Kuzmins
Latvijas Universitates Cietvielu fizikas institits

Saja darba mes aplikojam dazus datormodel&sanas rezultatus perovskita veida volframa
oksidiem. Aprekinos mes gpvienojam periodisko kristala modeli un Hartri-Foka metodi.
Siiespejair ieklautaprogrammas CRY STAL98 koda [1].

Vispirms mes agplukojam aprekinu rezultatus volframa oksidam tilpuma (dota rezga
konstante un tilpuma modulis), lai nodrosinatu teorgtisko un eksperimentalo rezultatu
atbilstibu.

Misu vienelektrona energijas stavoklu aprekini, kuri ir iegati volframa oksida modelim,
tiek salidzinati ar eksperimentaliem rentgena staru absorpcijas spektriem, kuri lauj mums
iegut spektru korektu kvalitativu interpretaciju. Analizétas galvenas griitibas, kuras rodas
perovskitu teorgtiskos aprekinos no pirmiem principiem.

QUANTUM CHEMISTY INTERPRETATION OF X-RAY SPECTRA

D.Bocharov, A.Kuzmin
Institute of Solid State Physics, University of Latvia

In this study, we present the results of ab initio computer simulations on X-ray absorption
spectra of some perovskite-type tungsten oxides. For our caculations, we combine a
periodic bulk model with Hartree-Fock method including a posteriori electron correlation
corrections, as implemented in CRY STAL98 computer code [1]. First, we describe the
results of calculations performed on some bulk properties of the tungsten oxides (lattice
constant and bulk modulus), in order to achieve the necessary level of agreement with
available experimental and theoretical data. Our calculations on the densities of one-
electron energy states (DOS) for models of tungsten oxides are verified by experimental
X-ray absorption spectra, which allow us to make correct qualitative interpretation of the
latter. The main difficulties appearing during our first principles ssimulations will be
discussed.

[1] V.R. Saunders, R. Dovesi, C. Roetti, M. Causa, N.M. Harrison, R. Orlando, and C.M.
Zicovich-Wilson, CRYSTAL-98 User Manual, University of Turin, 1999.
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KRISTALITU IZMERU NOTEIKSANA AR RENTGENDIFRAK CIJASMETODI

Anatolijs Misnovs
Latvijas Universitates Cietvielu fizikas institits, Riga, Latvija
Latvijas Organiskas sintezes institits, Riga, Latvija

Kristalttu (dalinu) izméru noteiksanas metodem ir biitiskaloma vielu un materialu
petisana un raksturosana. Jakristalitu izmeri ir robezas 10-100 nm, to izmgrus var noteikt
ar Serera formulu, Viljamsona-Holla Iikni jeb ar Varena-Averbaha Furjé analizes metodi.
Jakristalttu izméri parsniedz lielumu 10 mkm, linijas uz debaggrammam klist partrauktas
un ir nepiecisamas metodes, kas bal stas uz citiem fizikaliem principiem.

Tika izstradata jauna kristalitu izmeru noteiksanas metode, kas izmanto linearu
korelaciju starp kristalitu izmériem un nomelnojuma plankumu lielumiem uz registracijas

ierices.

CRYSTALLITE SIZE DETERMINATION BY X-RAY DIFFRACTION

A.Mishnevs
Institute of Solid State Physics, Latvian University, Riga, Latvia
Latvian Institute of Organic Synthesis, Riga, Latvia

Particle sizing problem arises in many fields of science, technology and material
production. Methods based on X-ray diffraction lines broadening cover size interva of
10-100 nm and are well documented. Larger crystallites demonstrate no line broadening
and require aternative methods for size determination.

When crystalites are relatively large (10-500 mkm) and a smal volume of the
sample is irradiated the diffraction pattern exhibits discrete spots instead of continuous
diffraction lines. We base our approach on the linear correlation between average
crystallite’s size and diffraction spots dimensions which is valid for crystalite size above
5 mkm. Thus the aim of this work is to extract the crystallite size distribution function
from the anaysis of the spot size distribution.
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Au, RENTGENAMORFO SAKAUSEJUMU Co-W, Co-Mo PLANO
SLANU STRUKTURASUN FAZU SASTAVA IZMAINASUZ VAKUUMA
UZPUTINATA Cu, Fe-Ni(80) UN Cu FOLIJASPEC SLANU
SISTEMU KARSESANAS

| .Vitina, V.Rubene, A.Kriimipa, V.Belmane, M.Lubane
Rigas Tehniskas universitates Neorganiskas kimijas institiits

Ar rastra un caurstarojosas eektronmikroskopijas, rentgenfazu un rentgena mikro-
analizes metodem turpinati petjumi par AUgmrea 0,3-0,6 pm un Augiyg 0,8-1,8 pm un
elektroizgulsngtu rentgenamorfo sakausgjumu Co-W (W 45-52 %) struktaras, fazu un elementu
sastava stabilitati slanu sistemas Au/Co-W/Cuyy/sitals, Au/Co-W/Fe-Niy/sitals, Au/Co-W/Fe-
Niso.; Tite. PEC to karsgsanas pie 200°C 200h+300°C 100-150h+450°C 30-100h un Co-Mo (Mo
33-45 %) danu sistemas Co-Mo/Cu, Augn/Co-Mo(36)/Cu pec to karsesanas 350°C 100h un
400°C 50h. Rezultati parada, ka Co-W sakauszjums ka barjerdanis nodrosina Au danisa fazes un
struktaras stabilitati. Ir noverojama Au monokristalu augsana un Co daudzuma palie-linasanas Au
slanisos. Co-W rentgenamorfa slana kristalizacijas sakums ar CosWO, veidosanos ir pec
karsesanas 200°C 200h+300° C 150h+450°C 30h. Pie mingtgjam temperatiiram nav noverojama
savienojumu Co-Si, Au-Si, Co-Ti, Au-Ti un AuCu veidosanas.

Rentgenamorfa sakausgjuma Co-Mo (Mo 33-45%) plano danu 1,0-2 um veidosanas, Mo
satura, fazu un struktaras stabilitate ir atkariga no elektrokimiska elektroizgulsnésanas procesa:
elektrolita pH, katodstravas blivuma. Rentgenamorfo raksturu Co-Mo (Mo 33-45 %) saglaba pie
karsesanas Iidz 350°C 100h un 450°C 50h, kad iespgjams ta kristalizacijas sakums ar CosMo,
CoMoO; un CoM0oO, veidosanos. Slanu sistémas Augm (0,3-0,4 pm)/Co-Mo (36)/Cu zdts
saglaba fazes stabilitati. Ir novérojama Au monokristalu augsana, Cu difazija caur Co-Mo dana
plaisajumiem, CuO, Cu,O un AuCu veidosanas.

THE CHANGES OF STRUCTURE AND PHASE COMPOSITION OF THIN Au,
X-RAY AMORPHOUSALLOYSOF Co-W, Co-Mo COATINGS ON VACUUM -
SPUTTERED Cu, Fe-Ni(80) AND Cu FOIL AFTER THERMAL TREATMENT

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

Phase and gtructure stability, changes in the atomic composition of chemically deposited
(0.3-0.6 pm) and electrodeposited (0.8-1.8 pum) Au layers and electrodeposited (1-2 pum) X-ray
amorphous Co-W (W 45-52 %) and Co-Mo (Mo 33-45 %) alloy layers in the following systems
Au/Co-W/Cugy/glass-ceramics, Au/Co-W/Fe-Nig/glass-ceramics, Au/Co-W/Fe-Niyi, Au/Co-
WITisq were investigated after their heating at 200°C 200h+300°C 100-150h+450°C 30-100h and
systems Co-Mo (Mo 33-45 %)/Cu, AUgen/Co-M0(36 %)/ Cu at 350°C 100h; 450°C 50h by
electron microscopy, X-ray diffraction and energy dispersive X-ray. The results demonstrate that
the using of X-ray amorphous Co-W aloy ensure the stability of phase composition and structure
of Au coatings. The formation of Co-Si, Au-Si, Co-Ti, Au-Cu compounds were not observed at
the above-mentioned temperature.

Formation of thin layers (1-2 um) of X-ray amorphous Co-Mo aloy (Mo 33-45 wt.%),
the Mo content, the phase and structure stability depend on the electrodeposition process: the
electrolyte pH, the cathodic current density. The Co-Mo alloy (Mo 33-45 wt.%) maintains its X-
ray amorphous state at heating up to 350°C for 100h and at 450°C for 50h, when beginning of its
crystallization with formation of CosMo, CoMoO; and CoMoQ, is possible. The gold in layer
systems Au (chemically deposited, 0.3-0.4 pm)/Co-36 wt.%Mo/Cu maintains its phase stability
growth of Au whiskers, Cu diffusion through crevices in the Co-Mo layer, formation of CuO,
Cu,0 and AuCu were observed.
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SIMPLEKTISKASINTEGRESNASPIELIETOJUMI POLARIZACIJAS
KINETIKASMODELESANA SEGNETOELEK TRIKOS

E. Klotin$
LU Cietvielu fizkas institits

Kingtisks apraksts sisttmam ar anharmoniskiem, nekonservativiem un nelokaliem modela
energijas funkcionaliem ir ilglaiciga fundamentala probléma, kuras atrisinajums Fokkera-
Planka un imaginara Sredingera vienadojumu tehnika ir aktualizgjies sakara ar
sasniegumiem simplektiska integrésana. Pedgja ir aizgita no pielietojumiem kvantu
mehanikas uzdevumos un izmantota dinamiskas histerézes modelésana [1], nelokalu
uzdevumu risinasana [2] un kooperativu efektu modelésana [3] paplasinata Landau-tipa
modela energijas funkcionala gadijuma. Jaunakie rezultati attiecas uz polarizacijas
parsiégsanu telpiski nehomogena gadijuma. Kaut gan Fokkera-Planka un imaginara
Sredingera vienadojumu simplektiska integresanas tehnikatiek demonstréta vienkariotam
segnetoelektriskas polarizacijas gadijumam, nav nekadu principialu ierobezojumu
sarezgitakiem uzdevumiem ar robeznoteikumiem un ieksgju struktiru.

SYMPLECTIC INTEGRATION APPROACH TO NONADIABATIC
POLARIZATION RESPONSE IN FERROELECTRICS

E. Klotins
Institute of Solid State Physics University of Latvia

Kinetics of systems specified by anharmonic, nonconservative and nonloca model
Hamiltonians is a long-standing problem of fundamenta significance and its
formulation in terms of Fokker-Planck and imaginary time Schrédinger equations has
received a renewed attention inspired by developments in symplectic integration.
Adopted from its quantum counterparts, this problem independent approach is
implemented for the modeling of dynamic hysteresis [1] and extended toward nonlocality
[2], and the kinetics of cooperative behavior within the model of interacting Landau-type
coarse grained blocks [ 3]. The latest results are illustrated by polarization switching and
spatial extension. Whereas the Fokker-Planck, imaginary time Schrodinger and
symplectic integration approach is implemented in the problem of bare ferroelectric
polarization response there are no principa restrictions for supplementary terms in the
model Hamiltonian focused on boundary conditions and strong nonlocality.

" Reported in Frontiers of Quantum and Mesoscopic Thermodynamics, Satellite of the
20™ General conference of EPS Condensed Matter Division (2004)

[1] E Klotins, Ferroelectrics, 296:209-220, 2003
[2] E Klotins, Physica A 340 (2004) 196 -200
[3] E. Klotins, Journ. O El ectroceramcs (in press)

LAZERUZPUTI NATUVBaTiOg, BapsSro2TiO3 UN SrBiTa;0Og PLANO KARTINU
OPTISK O IPASIBU UN VIRSMAS MORFOL OGIJAS PETIJUMI
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I. Aulika, V. Zauls, K. Kundzips, M. Kundzin$ un M. Granats
Cietvidu fizikas indtitizts, Latvija

Petitas barija titanata BaTiOs (BT), barija-stroncija titanata BapgSro2TiO3 (BST)
un stroncija-bismuta tantalata (SBT) SrBi, TaOy segnetoelektriskas planas Kartinas tika
iegutas ar lazera ablacijas metodi (PLD) uz dazadam pamaném — Si, SI/SrRuQs,
Si/SIOJ/Ti/Pt un SI/SIO/Ti/PY/SrRuOs. Paraugu optisko ipasibu un virsmas morfologijas
petijumi tika veikti, izmatojot spektralas reflektometrijas, elipsometrijas un atomspeka
mikroskopijas metodes. Lausanas koeficienta samazinasanas un absorbcijas koeficienta
nobide uz augstaku fotonu energijas pusi, samazinoties kartinu biezumam, tika novérota
BT plangam kartinam uz S un S/SIO,/Ti/Pt pamatném. Novérots, ka lausanas
koeficients visam kartinam uz S pamatném ir mazaks ka kartipam uz Si/SrRuQs,
SI/SIOL/Ti/Pt un SI/SIO/Ti/Pt/STRUO; pamatném. Tika noveérota art graudu izmeru un
virsmas gluduma izmaina atkariba no slana biezuma, kas ir saistits ar kartinas augsanas
procesa ipatnibam. Ar elipsometrijas metodi tika konstatéts parejas dlanis starp Pt
apaksejo eektrodu un segnetoelektrisko kartinu, kura kompleksais lausanas koeficients
mainas atkariba no biezuma: lausanas koeficients palielinas, bet absprbcijas koeficients
samazinas, palielinoties §1 robezslana biezumam, kas atkarigs no Kartinas iegtsanas
tehnologiskagiem parametriem.

STUDIES OF OPTICAL PROPERTIESAND SURFACE MORPHOLOGY OF
LASER DEPOSITED BaTiOs, BaggSro2TiO3 AND SrBi,Ta;Og THIN FILM S

I. Aulika, V. Zauls, K. Kundzins, M. Kundzinsand M. Granats
Institute of Solid State Physics, Latvia

Optica properties and surface morphology of pulsed laser deposited BaTiOs;
(BT), BapsgSro,TiO3 (BST) and SrBi,TaxOg (SBT) thin film heterostructures on Si,
SiI/SIO/Ti/Pt, S/ISTRUO; and SiI/SIO,/Ti/PY/SrRuO; substrates have been investigated by
spectra reflectometry (“Ocean Optics’ fiber optic CCD spectrometer under normal light
incidence geometry in the range of 350 — 750 nm), variable-angle null-ellipsometry (He-
Ne laser wavelength | = 632.8 nm, incidence angles set from 45°, 75°) and conventional
atomic force microscopy (AFM) surface measurements in contact mode. The variation of
refractive index and absorption coefficient has been observed for pulsed-laser deposited
(PLD) BT thin films on S/SIO,/Ti/Pt and S substrate with different thickness. BT, BST
and SBT thin films deposited on Si substrates show lower refractive index and optical
band gap energy as the samples on the SI/SIO,/Ti/Pt substrates. The AFM surface
topography analysis indicated dependence of thin film growth process on layer thickness
resulting in various surface final roughness patterns and affecting optical properties due
to band structure modifications and scattering losses. Optical properties and thickness of
the interface layer between ferroelectric film and Pt bottom electrode have been
investigated with relation to film growth parameters.
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RELAKSORU MATERIALU DIELEK TRISKO IPASIBU PETIJUMI
TERAHERCU FREKVENCU DIAPAZONA

V.Zauls*, A.Krotkus', J.Banys’, K .Bormanis
Cietvielu fizikasinstitits, Riga, Latvija
WiJpas Pusvaditaju fizikas institits, Lietuva
2\li/nas Universitites Fizikas fakultate, Lietuva

ledarbojoties ar ultrarsiem femtosekunzu lazeru impulsiem uz ipasi izveidotam
pusvaditaju vai nelineari optisku materialu struktiram (emiteriem) iespéjams tgjas inducet
ultraisus polarizacijas impulsus, kuri izstaro elektromagnétiskos vilnus plasa terahercu
digpazona (parasti no 0,5 lidz pat 6 THz). Izmantojot specifiskus optiskos elementus,
terahercu starojumu iespejams koliméti virzit un detekict ar optiski strobgjosam
(korelatoriem |idzigam) iericem. Sadu aparatiiru iespejams izmantot ne tikai mazgabarita
radaru tehnika un tomografija, bet arT vigparigai materialu dielektrisko ipasibu pétisanai
tada frekvencu diagpazona, kur cita veida aparatiiras lietosana ir Joti komplicéta vai pat
neiespéjama. Referata tiks ilustréti terahercu digpazona impulsu optiskas generacijas un
detektésanas principi, ka ari demonstréti pirmie spektralo merijumu rezultati neliela
tilpuma segnetoel ektrisku rel aksoru materialu paraugiem.

* sadarbibu finansiali atbalstijis Vi/pas Pusvaditaju fizikasingtitita PRAMA (Processing Research and
Application of Advanced Materials) Ekselences centrs

DIELECTRIC CHARACTERIZATION OF RELAXOR MATERIALSIN THE
TERAHERTZ FREQUENCY DOMAIN

V.Zauls*, A.Krotkus', J.Banys’, K.Bormanis
Institute od Solid State Physics, Riga, Latvia
!Semiconductor Physics Institute, Vilnius, Lithuania
“Faculty of Physics, Vilnius University, Vilnius, Lithuania

Under intense pulsed femtosecond laser illumination of specialy tailored semiconductor
or nonlinear optical material structures (so caled emitters) ultra short time polarization
transients can be excited to generate broad band electromagnetic radiation typicaly
covering range from 0.5 to 6 THz. The basic principles of terahertz (THz) radiation
generation and sampling detection based on femtosecond laser optical techniques will be
discussed covering applications from miniature radar and tomography to basic
investigation of dielectric properties of materials in the frequency range not reachable by
other methods. The first experimental results on THz transmission spectrd
characterization of dielectric properties for small sized ferroelectric relaxor bulk material
sampleswill be presented.

* Financially supported by The Center of Excellence in Processing, Research and Application of Advanced
Materias (PRAMA) a Semiconductor Physics Ingtitute, Vilnius, Lithuania

JAUNS SEGNETOELEKTRISKAISMATERIALSUZ
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PbSC]ijbl/zOs — PbTmyszyzog BAZ ES

M .Dambekalne, M .Kalnberga, M.Livins, A.Misnovs, A.Spiile
Latvijas Universitates Cietvielu Fizikas Institits, Riga, Latvija

Misu darba merkis bija sintezét jaunu originalu cieto skidumu (1-xX)PbScizNby203 —
XPbTmy2NDb1205 [(1-X)PSN — xPTmN)] rindu, izpetit fazu veidosanas secibu termiskas
apstrades laika, kristalisko fazu struktaru un keramisko paraugu ipasibas. Cieto skidumu
sintéze tika veikta ar cietfazu reakcijas metodi no attiecigiem oksidiem un karbonatiem.
Lai veicinatu sintézes procesa norisi, tika veikta divpakapju sintéze: pirma — 960° —
1100°C intervala, 1 — 2 stundas, otra — 980° — 1250°C intervala, 2 stundas. Augstaka
sintézes temperatira nepieciesama PSN un sastaviem ar lielaku ta koncentraciju.
Keramiskie paraugi tika gatavoti ar karstas presesanas metodi temperatiiru intervala no
1050°C (PTmN) lidz 1200°C (PSN), izturgsanas laiks 2 stundas, spiediens 20 MPa.

Pie istabas temperatiiras PSN ir perovskita struktiira ar romboedrisku elementaras stnas
kroplojumu: a = 4.080 A; o = 89.89° Tirais PTmN ir antisegnetoel ektrikis ar tetragonalo
struktaru; pie 303°C tam ir novérojama fazu pareja no antisegnetoelektriskas uz
paraelektrisko. Cietgjiem skidumiem x = 0 — 0.5 ir perovskita strukttira, bet x =0.6—1.0 -
tetragonala struktira. Morfotropais apgabals ir ietverts x = 0.5-0.6 intervala. Cieto
Skidumu dielektriska caurlaidiba strauji samazinas, palielinoties tulija koncentracijai: no €
=40000 (PSN) Iidz € =335 (PTmN).

NEW FERROELECTRIC MATERIALSON THE BASISOF
PbSC]ij b]_/203 —PbT m4oN b]_/203

M .Dambekalne, M .Kalnberga, M .Livinsh, A.Mishnovs, A.Spule
Institute of Solid State Physics University of Latvia, Riga, Latvia

Our purpose was to synthesize new original solid solutions of (1-x)PSN-xPTmN, to study
sequence of phases during thermal treatment, structure and properties of ceramic samples.
Synthesized powders of (1-x)PSN-xPTmN solid solutions, were obtained by solid state
reactions from oxides and carbonates. Two-staged synthesis was used to facilitate the
interaction of precursors: the first one was made for 1-2 hours at 960°-1110°C depending
on composition, the second - for 2 hours at 980°%1250°C. The highest calcinations
temperature isin case of PSN, lowest in case of PTmN. Ceramic samples were produced
by hot pressing technology: the pressure of 20 MPaduring 2 hours, the temperature being
adjusted within the 1050°-1200°C interval, depending on the particular component ratio.
At room temperature PSN has a rhombohedral distortion of the unit cell: a= 4.080A, o =
89.89°. Pure PTmN is an antiferroelectric. Transition from the antiferroelectric phase to
paraelectric phase is observed at Tmax = 303°C. Solid solutions of (1-x)PSN - xPTmN
with x = 0-0.5 have perovskite structure, with x = 0.6-1.0 have atetragonal structure. The
system has morphotropic phase region extending over the x=0.5-0.60 interval. The value
of dielectric permittivity of (1-x)PSN - xPTmN decreases rapidly with the concentration
of thulium: from & = 40000 (PSN) up to £ = 335 (PTmN).
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ENERGIJAS ZUDUMU UN DOZASIETEKME UZ ATRO *Ti JONU
IZRAISITAM CIETIBASIZMAINAM LiF KRISTALOS

I .Manika, O.Jan¢enko
Latvijas Universitates Cietvielu fizikas institits

Izmantojot mikrocietibas un optiskas spektroskopijas metodes, pétits radiacijas defektu
sadalfjums dzilJuma LiF kristalos, kas apstaroti ar augstas energijas (10 keV/u) *°Ti
joniem, fluencei sasniedzot 10* joni/cm®. Absorbcijas spektri uzrada F, F,, Fs un F4
centru veidosanos apstarotos kristalos. Novérots ievérojams cietibas pieaugums
apstarotgja dlani, kas atkarigs no fluences un aprékinatgjiem jonu energijas zudumiem
kristala. Zinams, ka cietinasanas efektu galvenokart izraisa dislokaciju bremzesanas uz
defektu agregatiem (domajams, siki litija koloidi, vakan¢u un molekulara fluora klasteri).
Mikrocietibas merjjumi uz kristalu skérsgriezuma virsmas liecina par defektu agregatu
nevienmerigu sadaijumu atkariba no dziluma. Cietibas maksimuma, kas sakrit ar
energijas zudumu maksimumu, cietinasanas efekts sasniedz vertibas, kas novérotas,
apstarojot LiF kristalus ar smagajiem joniem (*®Bi, *’Au), kuri rada trekus ar defektu
agregatus saturosu serdi. Arpus maksimuma apgabala cietinasanas efekts ir mazaks un,
lidzigi ka vieglo jonu (*S) gadijuma, kuri treka rada galvenokart F centrus, to ievérojami
ietekme fluence. Sados apstaklos cietinasanas efektu nosaka defektu piesatinasanas un
agregatizacijas procesi treku parklasanas rezultata. Var secinat, ka lidzigi ka °Kr un *Ni
jonu gadijuma,@Ti jonu starojuma raditajas struktiras un mikrocietibas izmainas
izpauzas gan smagajiem, gan vieglajiem joniem raksturigas iezimes.

EFFECT OF ION ENERGY LOSSAND FLUENCE ON HARDENING OF LiF
CRYSTALSIRRADIATED WITH FAST *Ti IONS

I .Manika, O.Jan¢enko
Institute of Solid State Physics, University of Latvia

The depth distribution of damage products created in LiF crystals irradiated with swift
Ti ions of a 10 keV/u specific energy at fluences up to 10™ ions/cm? has been studied
by microindentation and optical spectroscopy techniques. The absorption spectra indicate
formation of F, F,, Fsand F4 centers in irradiated crystals. A marked effect of hardening
is observed, which scales with the ion range and depends on the fluence and calculated
energy loss. The hardening effect is related mainly to pinning of didocations by defect
aggregates (possibly small Li colloids, vacancy clusters and bubbles of molecular
fluorine). The microhardness data measured on crystal cross-sections show a non-uniform
depth distribution of damage products. Maximum hardening effect reaches that observed
for heavy ions (*®Bi, 1 Au), which create defect aggregates in the track core. However,
outside of the Bragg maximum the magnitude of hardening is considerably lower and
strongly depends on ion fluence as it was observed earlier for irradiation with light ions
(*®*S) creating mainly F centers. Under such conditions, the hardening is caused by
saturation and aggregation of single defects due to neighbour track overlapping.
Accordingly, the changes in the structure and microhardness of LiF irradiated with fast
*Ti ions exhibit features typical for irradiations with heavy and light ions as observed
earlier in case of "®Kr and **Ni ions.

28



HEMOGLOBINA DZELZSJONU Fé&* UN Fe** OPTISKIE UN EPR SPEKTRI

N.Mironova-Ulmane, | Motmillere
Latvijas Universitates Cietvielu fizikas institits, LV-1063 Riga, Latvija
Pie zemam temperatiram izpétiti asins EPR spektri. Noskaidrots, ka asinis
methemoglobina Fe** jons ir zemo spinu stavokli ar g = 2.3 un augsto spinu stavokli ar
g=6.Ar EPR metodi methemaglobina Fe** koncentraciju var noteikt precizak ka ar citam
metodem.
Asins optiskas absorbcijas spektri izmeriti energiju intervala no 200 Iidz 2500 nm,

kura ir jonu Fe* un Fe** .visasd — d dektronu parejas.

THE OPTICAL AND EPR SPECTRA OF Fe*" and Fe** IONS
INTHE HEMOGLOBIN

N.Mironova-Ulmane, | Motmillere
& Latvijas Universitates Cietvielu fizikas ingtitiits, LV-1063 Riga, Latvija
The EPR spectrafor blood have been studied at low temperature. It is shown that
in blood the ion Fe*" of methemaglobin isin low-spin state with g = 2.3 and in the high
spin state with g=6. EPR can detect the concentration of Fe** of methemoglobin more
accurately than any other technique.
The optical absorption spectraof blood were recorded in the energy range 200-
2500 nm which includes all d-d electronic transition in ions Fe** and Fe™".
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MAGNONU UN FONONU LOMA OPTISKO ABSORBCIJAS SPEKTRU
VEIDOSANA MnO

N.Mironova-Ulmane? A K uzmins?1.Sildos,” VV.Skvor cova,® U.UImanis?
& Latvijas Universitates Cietvielu fizikas ingtitiits, LV-1063 Riga, Latvija
® Institute of Physics, University of Tartu, EE-2400 Tartu, Igaunija

Antiferomagnéetiska MnO monokristala optisko absorbcijas spektru temperatiiras
atkariba mérita intervala no 5 lidz 180 K spektra diapazona no 14500 Iidz 25500 cm™,
Novérotas tris absorbcijas joslas °A1g® *Tig PA1g® “Tog and °A1® ‘Ey, *Ayg, kuras
atbilst aizliegtam d-d parejam. Pirmo reizi noverota pargjas °A;® “T1q sikkstruktira
saistita ar magnétisko sakartotibu. No absorbcijas spektra, merita pie zemam
temperatiiram (5 K), izvérteta viena magnonaenergija, kas lidzinas apméeram 35 cm™.

THE ROLE OF MAGNONSAND PHONONSIN OPTICAL ABSORPTION
SPECTRUM OF MnO

N.Mironova-Ulmane? A.K uzmin,? I .Sildos,” VV.Skvorcova,® U.UImanis?®
#Institute of Solid Sate Physics, University of Latvia, LV-1063 Riga, Latvia
® |nstitute of Physics, University of Tartu, EE-2400 Tartu, Estonia

Temperature dependence (5-180 K) of the optica absorption spectrum of
antiferromagnetic single-crystal MnO was measured from 14500 to 25500 cm™. Three
bands °A1f® T1g, °A1® T2y and °A1® “Ey, *Ayg, corresponding to the forbidden d-d
transitions, were observed. The fine structure, related to the magnetic ordering, was
observed in the °A1{® “T14 band for the first time. The one magnon energy was estimated
from the low temperature (5 K) spectrum and is equal to about 35 cm™.
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RENTGENABSORBCIJAS SPEK TRU INTERPRETACIJA
SAVIENOJUMOS AR KONFIGURACIONALO NESAKARTOTIBU

A.Kuzmins?G. Dalba,” P. Fornasini,” F. Rocca, O. Siprs®
& Latvijas Universitates Cietvielu fizikas ingtitiits, LV-1063 Riga, Latvija
® Universita di Trento, Dipartimento di Fisica, 1-38050 Povo (Trento), Italija
“IFN-CNR, Sezione "CeFSA" di Trento, 1-38050 Povo (Trento), Italija
4 Institute of Physics, Academy of Sciences of the Czech Republic, CZ-16253 Prague,
Cehijas Republika

Rentgenabsorbcijas spektroskopija (EXAFS un XANES) ir informativa metode materialu
elektronisko, strukturalo un dinamisko 1pasibu petjjumiem. Standarta EXAFS un XANES
spektru analitiska piegja balstas uz diezgan vienkarsiem struktiraliem modeliem, ka
piem. atomu normala sadalfjuma funkcija. Tomér daudz savienojumos, piem. stiklos un
nanokristaliskos material os, viena tipa atomi aiznem dazadas struktiras vietas. Sgja darba
aplikota originala teorétiska piegja, kura dot iespgju taisit rentgenabsorbcijas spektru
anaizi art konfiguracional as nesakartotibas gadijama.

INTERPRETATION OF X-RAY ABSORPTION SPECTRA
IN COMPOUNDSWITH CONFIGURATIONAL DISORDER

A. Kuzmin? G. Dalba,° P. Fornasini,” F. Rocca,® O. Sipr ¢
#Institute of Solid State Physics, University of Latvia, LV-1063 Riga, Latvia
P Universita di Trento, Dipartimento di Fisica, 1-38050 Povo (Trento), Italy
“IFN-CNR, Sezione "CeFSA" di Trento, 1-38050 Povo (Trento), Italy
4 I nstitute of Physics, Academy of Sciences of the Czech Republic, CZ-16253 Prague,
Czech Republic

X-ray absorption spectroscopy (EXAFS and XANES) provides with unique information
on electronic, atomic and dynamic structure of materias. Standard EXAFS and XANES
analysis is based on relatively simple structural models as Gaussian/normal distribution.
However, there are many compounds as glasses and nanocrystalline materials in which
atoms of the same type occupy structural sites with different local environments.
Therefore, special gpproach is required to access properly the case of configurational
disorder. In thiswork we present recent devel opments for such problem.
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NANOMATERIALI UN
NANOTEHNOLOGIJAS



SADARBIBAS PROJEKTS“NANOMATERIALI UN NANOTEHNOLOGIJAS’:
MERKI, UZDEVUMI, | ZPILDITAJI

A. Sternbergs
Latvijas Universitates Cietvielu fizikas institits

Nanomateriali un nanotehnologijas ir viens no svarigakajiem 21. gadsimta pétniecibas un
tehnikas attistibas virzieniem. Struktiras “inzenierij@’ nanoizméru skala paver iespéjas
uzlabotu un velamu fizikalo, kimisko, biologisko ipasibu iegusanai pétamajiem
materialiem Ir iespgjams noverot pat jaunas paradibas vai procesus. Misdienu
elektronikas tendence ir pareja uz arvien mazakiem elementu izmériem, gan fotonikas un
optisko sakaru, ta arm “klasiskgjas’ pusvaditaju un hibridajas elektroniskgas ierices,
aktualair jaunu elektronisko iericu izveide uz organisko un biologisko materialu bazes.
Sadarbibas projekta merkis ir vienot un koordinét spekus nanomaterialu un
nanotehnologiju lauka Latvija, ka petnieciskaja ta art izglitibas sféra; efektivi izmantot tas
unikalas vienotas petnieciskas iespgjas, kuras vistuvakaga laika realizésies koordingtas
augsta limena tehnologiskas un petnieciskas aparatiras iegade ES Strukturalo fondu
apgusanas Programmas i etvaros.

Projekta ir paredzeta nanotehnologijas aktivo LU CFI, LU KFI, LU PMI, LU FI, LU KF,
LU ASI, RTU NKI, RTU TFIl, RTU MZLKF, LZA FEI zinatnisko laboratoriju, kuram ir
pieredze un pamat aparatiras nodrosinajums projekta izpildei, efektiva sadarbiba un
sinergija (fizika, kimija, biologija).

COOPERATION PROJECT: “NANOMATERIALSAND
NANOTECHNOLOGIES': OBJECTIVES, CHALLENGES, CONTRACTORS

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

Nanotechnology — the creation, processing, characterization and utilization of materials,
devices, and systems with dimension on the order of 0.1 to 100 nanometers, exhibiting
novel and significantly enhanced physica, chemical, and biological properties, functions,
phenomena, and processes due to their nanoscale size — is a mgor European and
international research initiative on the beginning of 21 Century. Continuous scaling down
dominates in the devel opment of new generation electronic and photonic devices.

The main goa of the Cooperation project is stated coordination of power in the field of
nanotechnology in Latvia both in research and education taking advantage in
collaborative employing of advanced technological facilities and research equipment
procured by expenditures of European Structural funds.

The Cooperation project anticipates coordinated and effective synergetic (physics,
chemistry, biology) collaboration of active in nanotechnology laboratories and scientist
groups from LU CFI, LU KFI, LU PMI, LU FI, LU KF, LU ASI, RTU NKI, RTU THI,
RTU MZLKF, LZA FEI.
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NANOTEHNOL OGIJAS: VIDESUN SOCIALIE ATBILDIBAS ASPEKTI
PETNIECIBA

A. Sternbergs
Latvijas Universitates Cietvielu fizikas institits

Nanotehnologiju iespejas un perspektivas ir skaidri iezimgjusas daudzas tehnikas un
dzives sféras: materialzinatnés, informacijas tehnologijas, razosana, energétika, veselibas
apripe, vide, drosiba, kosmosa, respektivi, tas klas bitiskas dzives kvalitatei nakotng,
Iidzsvarotas attistibas un veseligas konkurences nodrosinasanai razosana.

Saskanots un koordinéts menedzments ka katras atseviskas valsts ta ari Eiropas un
starptautiska méroga ir aktuali nepieciesams nanotehnologiju attistibai un pielietojumos
la nodrosinatu racionalas, efektivas, sinergétiskas, koncentrétas un atklatas pétnieciskas
aktivitates. Cilvekiem jabat parliecibai, ka nanotehnologijas kalpo(s) vinu labklajibai,
tapec ir janem veéra un jakliede vinu saubas, pieméram, par vides saindésanas draudiem
(un jadledz attiecigie petijumi, ja tadas sekas pastav). Ir jaievero &tiskie un kultiras
aspekti petijumos, ka ari javeic riska menedzments darbu uzsakot.

Vdsts atbildiggam institiicijam izda ot pétijumu finansgjumu, ka art pasiem zinatniekiem
projektu aizsakot jabut parliecinatiem, ka petijums neaizskars cilveku cienu un tas biis
godpratigs, ka pétijums nenodaris kaitéjumu veselibal un videi.

Referata tiks ieskicéti dazi “nanoapdraudejumu” piemeri.

RESPONSIBLE RESEARCH IN NANOTECHNOLOGIES: ENVIROMENTAL
ANS SOCIAL ASPECTS

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

The important role and potential of nanotechnology is recognized in many areas, such as
material sciences, information technologies, manufacturing, instrumentation, energy,
health, environment, security, space; and thus their significance for quality of life,
sustainable development and the competitiveness of industry.

A coherent and coordinated management of initiatives both at the national and European
level is needed for responsible and socialy acceptable development and use of
nanotechnology, ensuring efficiency, effectiveness, synergy, concentration of efforts,
critical mass and visibility of actions. Citizens should perceive that nanotechnology will
be for their benefit and therefore their concerns should be duly taken into account, e.g.
(eco) toxicologica issues would have to be addressed when funding research for (civil)
applications as well as proper risk management. Ethics and cultural attitudes would also
have to be considered.

Governmental officids and scientists should engage themselves to the responsible
development and use of nanotechnology by granting public funds devoted to civil
research and development only to projects that respect human dignity and integrity and
do not harm health and/or the environment.

Some aspects of “nanothreat” will be outlined.



ELEKTROVADOSASUN FOTOELEK TROVADOSASIPASIBAS Ge
NANOVADIEM ANODIZETA ALUMINIJA OKSIDA MEMBRANAS

Boriss Polakovs', Brains Deili?, Juris Prikulis', Larisa Grigorjeva®,
Donats Millers®, Justins D. Holmss?, Donats Erts".
1Kiniskds fizikas institits, LU, LV-1586 Riga, Latvija

ZKimijas departaments, Korka koledzas universitate, Irija
*Cietvielu fizikas institiits, LU

Lielo blivumu nanovadu sakartotas gruktiras nakotné var tikt izmantotas jaunu
nanoelektronisku un optoelektronisku iericu razosanai. Ge nanovadi tika sintizéti anodizéta
aluminija oksida (AAO) poras ar diametru 50 un 100 nm, izmantojot superkritiska skidruma
metodi. Darba merkis bija izpétit Ge nanovadu matricas elektro un fotovadosas ipasibas to
iespgjamai izmantosanai ka savienojosos vadus, eektroniskas un optoelektroniskas ierices.
Speciala uzmaniba tika veltita kontakta problemu risingjumiem starp nanovadu un metala
elektrodu.

Nanovadu sadalfjums un atsevisku nanovadu edektrovadamiba noteikta ar vadoso
atomsgpeku mikroskopu. 1(V) raksturliknu, aktivacijas energijas un fotovadamibas noteiksanai
izmantoti zelta, zelta/palladijaun ITO makrokontakti.

Fotostrava Ge nanovadu sakartotas struktaras generéta ar ksenona lampu un argona
lazeru. Lazera gadijuma fotostrava pie gaismas intensitates 125mwW/cm? sastadija 6% no tumsas
stravas vertibas. Fotostravair lineari atkariga no sprieguma vismaz Iidz 5V. Analizéti tuksas un ar
Ge nanovadiem pilditas AAO matricas luminiscences spektri, salidzinatas luminiscences un
fotostravas kingtikas. Analizétas Ge un AAO lomas fotovadamiba.

CONDUCTIVE AND PHOTOCONDUCTIVE PROPERTIES OF Ge
NANOWIRESIN ANODIC ALUMINIUM OXIDE MEMBRANES

Boris Polyakov', Brian Daly? Juris Prikulis', Larisa Grigorjeva®,
Donats Millers®, Justin D. Holmes?, Donats Erts".
Y nstitute of Chemical Physics, University of Latvia, LV-1586 Riga, Latvia
’Departament of Chemistry, University College Cork, Ireland
3Institute of Solid State Physics, University of Latvia

The ability to pack high densities of nanowires into specific nanowire arrays, and exploit
their physical properties is expected to produce novel nanoelectronic and optoelectronic devices.
Ge nanowires in anodized alumina oxide (AAO) pores with diameter 50 and 100 nm were
synthesized by a supercritical fluid deposition method. The aim of this work was to test the
electro and photoconductive properties of the Ge nanowires encapsulated within the AAO
membrane for possible applications as connecting wires, dectronic and optoelectronic devices.
Special attention was paid to theinvestigation of nanowire-electrode contact problems.

The distribution and conductivity of individual nanowires was determined by conductive
Atomic Force Microscope. Macrocontacts were used to obtain 1(V) characteristics, determine
activation energy and characterize photoconductivy of the nanowires.

Phatocurrent in Ge nanowire array in AAO was generated by xenon lamp and argon laser.
At room temperature at laser intensity of 125 mW/cm?® the photocurrent value was 6% respective
to the dark current. The photocurrent linearly depends on applied voltage up to 5 V.
Luminiscence spectra of empty and Ge filled AAO were analyzed. Photocurrent and luminiscence
kinetics were compared. Possible roles of Ge and AA O in photoconductivity was analyzed.
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NANOTRIBOLOGIJA Ge NANOVADU ARHITEKTURAS

B. Redkins', B. PoJakovs', A. J.D. Holmes’, D. Erts'
Y U Kimiskas fizikas intitits, Raiga bulv. 19, LV1586 Riga
%K or kas universitasu koledzas Kimijas fakultate, Korka, Irija

Ultrablivu nanovadu sistému sintézes realizesana uz pamatnes virsmas var kalpot ka
atsléga nakotnes "botom up" multislanu iericu arhitektaru veidosanai. Nanotribologiskie
petijumi Sadas sistemas ir svarigi ne tikai nanoelektromehaniskiem pielietojumiem, bet
ar izprastu kontaktparadibas heterogenas nanosistemas.

Ar vadoso atomspeku mikroskopu (AFM) pétita anodizéta aluminija oksida matrica
pilditu Ge nanovadu un matricas mijiedarbiba ar Pt parklatu adatas virsmu. Paradits, ka
berzes speks uz nanovadu virsmu ir lielaks saidzinajuma ar AAO matricu. Paugstinot
spriegumu starp pamatnes kontaktu un adatu berzes speki  efektivak palielinas nanovadu
gadijuma. Analizeta adhgzijas un elektrostatisko speku, stravas blivuma, ka art termisko
efektu ietekme uz berzes spekiem.

NANOTRIBOLOGY IN Ge NANOWIRE ARCHITECTURES

B. Redkins', B. Polyakov?, J.D. Holmes? D. Erts'
! nstitute of Chemical Physics, University of Latvia, Rainis blvd. 19,
LV-1586 Riga, Latvia
*Department of Chemistry, University College Cork, Cork, Ireland

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. Investigation of nanotribology of such systems is important for
nanoelectromechanical applications as well as for understanding contact phenomena in
heterogeneous nanosystems.

Force interactions of Ge nanowire arrays encapsulated in oxidized aluminium
oxide (AAO) matrix with Pt surface were investigated by conductive atomic force
microscope (AFM). Friction force on Ge nanowires was found be higher in comparison
to AAO matrix. The friction force increases by applying bias between the bottom
electrode and the AFM probe more effective on Ge nanowires in comparison to AAO.
Impact of adhesion and electrostatic forces, current density, and thermal effects on
friction force are analyzed.
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VADAMAS PASORGANIZEJOSASDNS TIKLVEIDA STRUKTURAS UZ
VIZLASVIRSMAS

U. Malinovskis', A. Pastar€?, B. Polakovs?, | . Muiznieks', D. Erts®
LU Biologijas fakultate, Kronvalda bulv. 4
%LU Kimiskas fizikas ingtitits, Raiga bulv. 19, LV1586 Riga

No individualam dezoksoribonukleinskabes (DNS) molekulam veidotu
pasorganizejosos struktiiru veidosana uz virsmas un to arhitektiiru raksturosana ir svarigs
uzdevums to potencialgjiem pielietojumiem bio un bionanotehnologijas, ka ari
fundamentalos petijumos par DNS kondensacijam uz virsmam, kas ir DNS transporta
pamata dzivgas sunas. Darba tika pétita divdimensionalu DNS tiklveida struktiru
veidosanas iespéjas uz vizlas virsmas.

Tiklu veidosana izmantotas DNS molekulas tika iegutas, linearizgjot plazmidas
DNS ar restrikcijas endonukleazem Hincll, Pvull (veido strupus galus) un EcoRI (veido 4
bp lielas ssDNS 5 AATT parkares) un tika izdalitas no reakcijas maisijuma
elektroforezes cela. Vairaku tukstosu bazu paru garas DNS molekulas veido tiklveida
struktiiras, kad tas tiek parnestas no skiduma uz vizlas virsmas. Tiklveida strukturas tika
vizualizetas ar atomspeku mikroskopu. AnalizétaMg jonu koncentracijas, DNS molekulu
garuma un galu struktiras ietekme uz tiklveida struktiru veidosanos. Paradits, ka
vienpavedienu parkares veicina tiklveida struktiiru veidosanos. lzvirzita hipotéze, ka
tiklveida savienojumi veidojas AT bagatas DNSk&zu vietas

VADAMAS PASORGANIZEJOSASDNS TIKLVEIDA STRUKTURAS UZ
VIZLASVIRSMAS

U. Malinovskis', A. Pastar€?, B. Polyakovs?, |. Muiznieks', D. Erts?
!Department of Biology, University of Latvia, Kronvalda blvd. 4
?|nstitute of Chemical Physics, University of Latvia, Raina blvd. 19,
LV-1586 Riga, Latvia

Building of deoxyribonucleic acid (DNA) self assembling structures on the
surfaces and characterization of their architecture is an important task for many potentia
biotechnological and nanoe ectronics applications as well as in understanding of DNA
condensation processes which is one of the basic processes in DNS trangport in vitro.
Plasmid DNA were linearised with restriction endonucleases Hincll, Pvull (creating blunt
end DNA termini) and EcoRl (creating .4-bp ss DNA 5-overhang AATT termini) and
separated from mixture by electrophoresis. Severa thousand base pair long DNA
molecules formed net-like structures when transferred from solution to mica surface.
These structures were visualized using an atomic force microscopy. We anayzed the
influence of inorganic ion concentration, length, concentration, and end structure (blunt
ends, 5’- single stranded overhanging termini) of DNA on the network formation process.
It was shown, that presence of single stranded overhanging termini increase the efficiency
of network formation. It is proposed that network junctions are occurring at AT rich sites
of the DNA chain.

DINAMISKASMIJIEDARBIBAS PETIJUMI NANOSTRUK TURAS
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J. Prikulig!, E. Saks!, A. Lohmus?, R. Lohmus?, S. Kubatkin?, D. Ertst
LU Kimiskasfizikasingtitits, Raiza bulv. 19, LV1586 Riga
2 nstitute of Physics Univ. of Tartu, 142 Riia Str. 51014 Tartu, Estonia
3Dept. of Microtechnology and Nanoscience, Chalmers University of Technology SE-412 96 Géteborg,
Sweden

Ar jaunam litografijas metodem un izmantojot pasorganizesanas principus iespgjams radit
pusvaditaju un metala struktaras ar izmeriem 10 nm diapazona. Naonvadi, hanocrurules un citi
naoobjekti, iespgjams, tiks izmantoti mazizmeéra iekartu radisanai. Viena no neatrisnatam
problemam iekartu konstrugsana ir to darbibas kontrole ar argju signalu, pieméram optisku vai
elektrisku impulsu.

Mes prezentgjam savu darbu nanomehanisku iekartu izveide izmantojot dinamisko berzes
un normalo speku mijiedarbibu starp mehaniski iesvarstitiem nanoobjektiem. Berzes speku
izcelsme veél nav pilniba izpetita. Transmisijas dektronmikroskopa ievietojamu skengjoso
mikroskopu (TEM-SPM) esam papildinajusi ar sistému nanostruktiru iesvarstisanai. |zmantojot
$0 instrumentu vargjam noverot mehaniskas rezonanses individual os germanija nanovados.

Nanostruktiru mehaniskas rezonanses frekvence ir atkariga ne tikai no to materiala un
izmeriem, bet art no mijiedarbibas ar citiem objektiem. Sobrid izmantojot TEM-SPM mgginam
oscilgjosus nanovadus satuvinat mehaniska kontakta un pétit mijiedarbibu dazadu lauku ietekma.

STUDIESOF DYNAMIC INTERACTION IN NANOSTRUCTURES

J. Prikulig!, E. Saks!, A. Lohmus?, R. Lohmus?, S. Kubatkin?, D. Erts
"Ingtitute of Chemical Physics, University of Latvia, Rainis blvd. 19, LV-1586 Riga, Latvia
2 nstitute of Physics Univ. of Tartu, 142 Riia Str. 51014 Tartu, Estonia
3Dept. of Microtechnology and Nanoscience, Chalmers University of Technology SE-412 96 Gateborg,
Sweden

New methods of lithographic fabrication and sef-assembly allow production of
semiconductor and metal structures with dimensions in the 10 nm range. Nanoparticles,
nanowires, and other nanostructures are intensively studied by many scientific and industrial
research groups because of their promising properties for applications in miniature electronic,
optical, and mechanical devices. One of the main difculties in design of nanometric devices is the
control of the device action in response to external input signal, such as electronic or optical
pulse.

We present our work in development of nanomechanical devices based on the dynamic
shear force or normal force interaction between oscillating objects. The origins of the shear force
interaction are still not fully understood. Recently, a scanning probe microscope integrated in a
transmission electron microscope (TEM-SPM) has been developed. Individual nanowires have
already been successfully manipulated using this instrument. We have modified the TEM-SPM
for excitation of vibrations in nanowires. Prdiminary experiments show that mechanical
resonances in Ge nanowires can be excited and visualized using this instrument.

The exact frequency and damping depends on the nanowire material and geometry and is
highly sensitive to interactions with other objects and the surrounding medium. Currently we are
working on bringing an oscillating nanowire in mechanical contact with other objects and control
of dynamic interaction by external fields.
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ELEKTRONU BALLISTISKA UZVEDIBA PUSVADITAJOSMIKROMETRU
MEROGA ISTABASTEMPERATURA

I. Shorubalko*, D. Wallin, P. Omling, L. Samuelson, and H. Q. Xu
Solid State Physics, Lund University, Box 118, S-22100 Lund, Sweden
*Cietvielu fizikas Institits, Latvijas Universitate, Kengaraga 8, LV-1063 Riga, Latvija

Seja darba aprakstitas ierices uz InGaAs/InP bazes, kuras tika novérota elektronu
ballistiska uzvedibaistabas temperatira vairaku mikrometru meroga.

BALLISTIC BEHAVIOUR OF ELECTRONSIN SEMICONDUCTORSON
SEVERAL-MICROMETERS SCALE AT ROOM TEMPERATURE

I. Shorubalko*, D. Wallin, P. Omling, L. Samuelson, and H. Q. Xu
Solid State Physics, Lund University, Box 118, S-22100 Lund, Sweden
*|nstitute of Solid State Physics, University of Latvia, Kengaraga 8,
LV-1063 Riga, Latvia

In this work we have performed experiments on InGaAs/InP based devices, showing that
electrons behave in a balistic fashion on several micrometers scale at room temperature.
The following type of devices was designed: a point contact (injection point) with two
dimensional electron gas (2DEG) reservoirs (source and drain) placed on its two sides.
One of the reservoirs (drain) has a few additional point contacts (probes) turned 90
degrees and lying on the same line with the injection point but at different distances (from
0.3 to 9 micrometers) fromiit.

We have measured the current to each of the grounded probes (Ip) as a function of
applied voltage between source and drain (Vsd), (drain was aso grounded). The Ip - Vsd
curves for all probes showed nonlinearity and unexpected negative differentia
conductance (NDC) phenomenon for negative Vsd. For small applied Vsd the absolute
value of the current Ip increases until it reaches the saturation as expected for a point
contact. But after saturation at some certain values of Vsd (up to few volts) current Ip
sharply drops to some other stable vaue (leakage current - Ipl). The more further away
the probe is from the point contact the deeper the current drop is, and the higher applied
Vsd is needed to observe it. This phenomenon is explained by the fact that even when
phonon scattering is unavoidably present, high kinetic energy carriersin the materias can
still be able to travel forward a certain distance. From this explanation it follows that the
further away the probe is from the injection point the smaller the direct injection angle of
electrons to the probe is (therefore Ipl is smaller), and the required Vsd for the
observation of the NDC should be higher. Magneto-transport measurements support this
explanation. Using one of the probes as injection point, and grounding the other probes
and the drain, current through the probes as function of magnetic field (B) was measured.
Ip - B characteristics showed peaks, which were moving to higher values of B when a
higher voltage was applied. The peaks were also observed at lower magnetic field for
probes placed at alarge distance from the injection point.
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LUMINESCENCE AR LAIKA 1ZSKIRSANU ZrO, NANOKRISTALOS
(STRUKTURASUN AKTIVACIJASEFEKTI)

K .Smits, D.Millers, L.Grigorjeva
Latvijas Universitates Cietvielu fizikas institits

Cirkonija oksids pazistams ka perspektivs materials sensoriem, katalizatoriem, cietiem
elektrolitiem un aizsargparklajumiem. Tatu §1 materiala luminiscentas ipasibas ir maz
izpetitas.

Petita tetragonal as un kubiskas struktiras ZrO, nanokristalu luminiscence, ierosinot to
ar elektronu kula impulsem. Tetragonalas struktiiras ZrO, nanokristalu luminiscences
spektra noverotas divas joslas, kas dalgji savstarpéji parklajas. Abu joslu luminiscences
intensitates atskiras tikal nedaudz. Paradits, ka katrai jodai atbilst savs luminiscences
centrs. Kubiskas struktiiras ZrO, nanokristalu luminiscences spektra ir viena domingjosa
josa un otra, kuras intensitate ir ieverojami mazaka Kubiskas struktiras ZrO,
nanokristalu luminiscences domingjosa josla sakrit ar to tetragonalas struktiras ZrO;
nanokristalu luminiscences joslu, kas novérojama spektra 1so vilnpu puse. Luminiscences
dzives laika un intendtates atkaribas no temperatiras ir atskirigas, noradot, ka par
luminiscences termisko dzeésanu atbildigi vairaki procesi. Apskatiti iespejamie
luminiscences centru modeli, ka a1 tiek diskuteti procesi, kuru rezultata notiek
[uminiscences termiska dzesana ZrO, nanokristal os.

TIME-RESOLVED LUMINESCENCE OF ZrO; NANOCRISTALS
(THE STRUCTURE AND DOPAND EFFECTYS)

K.Schmits, D.Millers, L.Grigorjeva
Institute of Solid State Physics, University of Latvia.

The Zirconiais known promising material for sensors, catalysts, solid electrolytes and
protective coatings. However, the luminescent properties of this material were studied a
little.

The luminescence of tetragona and cubic structure ZrO, nanocrystals was studied
under pulsed electron beam excitation. The spectrum of tetragona ZrO, shows two
luminescence bands. The intensity of these partially overlapping bands was close. It is
shown that two separate centers were responsible for luminescence observed. Spectrum
of cubic ZrO, shows two luminescence bands aso, however one band was dominant and
the other has low intensity. It is noted, that the dominant band in cubic ZrO, matches well
with the short wavelength band observed in tetragona ZrO,. The dependence of
luminescence intensity and life-time on temperature were different. Therefore the
luminescence quenching take place via more than one process. The possible models of
luminescence centers as well as the processes responsible for luminescence quenching
were discussed.



METALA —OK SIDA NANOSTRUK TURETO PARKLAJUMU IEGUSANA AR
MIKROTRIBOLOGISKO METODI.

F.Muktepavela', G.Bakradze', A.Mignovs', S.Stolyarova?, E.Tamanis®
!Latvijas Universitates Cietvielu Fizikas institits
2Tehnion, Cietvielu ingtitizts, Haifa, |zraela
®Daugavpils universitates Fizikas katedra

Al un Cu parklajumi uz gikla, vara un teérauda pamatnem tika ieguti mehaniski,
izmantojot rotgjosu stieplu birsti. Saja metode metala dalinas tiek atrautas no metala
loksnes un parnestas uz pamatni intensivas dinamiskas bides deformacijas apstak]os.
Mikroskopiski deformacijas shéma ir Iidziga berzes procesam raksturigajai. Procedira
tiek velkta gaisa vide, tadé] notiek intensiva parnesamo metala dalinu oksidésanas.
Sekundaro jonu masspektrometrijas (SIMS) rezultati rada skabekla klatbttni parklajumos
praktiski visa to tilpuma. Petifjumi ar atomspeka mikroskopu (ASM) un rentgenstaru
difrakciju paradija, ka iegatiem parklajumiem ir termiski stabila nanostruktira. Graudu
izmers ir nevienmerigs robezas no 30 lidz 200nm. Parklajuma mikrocietibair 8-10 reizes
augstaka ka izejmaterialam. Parklajumiem ir augsta adhézija un nodilumizturiba. Sis
ipasibas nodrosina parklajumu nanostruktira, kuru stabilizé oksidétie starpgraudu
robezslani.

METAL-OXIDE NANOSTRUCTURED COATINGSOBTAINED BY
MICROTRIBOLOGICAL METHOD

F.Muktepavela', G.Bakradze', A.Misnovs', S.Stolyarova®, E.Tamanis’
! Institute of Solid State Physics University of Latvia
“Technion, Solid State Institute, Technion-City, Haifa, Israel
3 Department of physics, Daugavpils University

Al and Cu coatings on glass, copper and steel substrates were obtained by the method of a
rotating wire brush. Such a treatment makes both cutting out meta particles from bulk
metal specimen and transferring them to the substrate in conditions of severe dynamical
shear deformation. At the micro leve, the scheme of deformation is similar to that for the
friction test. The procedure is performed in ar and involves intensive oxidation of
transferred metal particles. The results of secondary ion mass spectrometry (SIMS) show
the presence of oxygen compounds of metals practically throughout the coating. The
AFM and X-ray diffraction studies of coatings showed that transferred metals have a non-
homogeneous, thermally stable nanostructure with a grain size from 30 to 200 nm. The
microhardness of the coatings was by a factor of 8-10 higher than that for the source
metals. The coatings show high adhesion and good wear resistance. Such properties are
determined by nanostructure of coatings, stabilized by the presence of oxide interlayers.
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TEMPERATURASIETEKME UZ MIKROPORU IZMERIEM |ZSARMOTA
NaAlSi STIKLA SKIEDRA

G.Veveris A. Liusis, V. Edlttis, D. Erts

Izsarmota 0,1N HCI skiduma pie 95°C NaAlSi stikla skiedras virsma pétita ar
atomu speku mikroskopijas (AFM) un klasisko izotermisko gazu absorbcijas metodi,
pielietojot gazu hromatografiju. lzvertejot pec AFM atteliem, izsarmota alumosilikatu
stikla skiedras virsma uzrada porainu struktiiru ar poru izmeriem no 1-2 nm |idz 15 nm.
Ta ka AFM zondes noapalojuma minimalais radiuss ir 10 nm, Sis poru diametru
izvertejums ir loti aptuvens un nedod iespgju izvertet mikroporu diametru materiala
tilpuma. Atteli lauj secinat, ka poru dzilumsir vismaz 5 nm.

Nelielas ( par 50% ) skiedras virsmas paielinajums pec izsarmosanas lauj
secinat, ka poru veidosanas notiek tiesa pievirsmas slani, skiedras tilpuma poras piepilda
izsarmosanas produkti.

Izturot izsarmotu NaAlS stikla skiedru pie paaugstinatas temperatiiras dazados
rezimos, notiek mikroporu saruksana, kura noved pie skiedras un to izstradajumu
geometrisko izmeru samazinasanas vidgji par 8%.

EFFECT OF TEMPERATURE ON MICROPORESIN LEACHED NaAIS
GLASSFIBRES

G.Veveris A. Lusis, V. Edlitis, D. Erts

Substructure of microporous sodium aumosilicate glass fibres are investigate by
AFM and by gas isotherma desorption using gas chromatography. Substructure of
porous glass fibres are prepared by leaching of NaAlSi fibresin 1N HCI solution at 95 °C
and investigated by using both methods.

It is demonstrated that leached NaAlS glass fibres surface have micropores
ranging from 1-2 to 15 nanometers. Insignificant increase (about 50%) of the surface total
area after leaching specifies that micropores in volume of fibres are filled with products
of leaching.

An increase in the temperature of heat treastment from 350°C to 750°C lead to a
decrease in the volume of micropores in glass fibres (medium 8%) and reduce frangibility
of fibres.

42



UDENRAZA ABSORBCIJASUN DESORBCIJAS PETIJUMI METALHIDRIDOS

L. Grinberga’, J. Kleperis', F.W. Poulsen?, A.S. Peder sen?
! Latvijas Universitates Cietvielu Fizikas Institiits
2 RIS@, Danijas Nacionglais Petjjumu Centrs

Paslaik pasaulé pastiprinatu uzmanibu pievers pétijumiem par jauniem energijas
avotiem un atjaunojamo dabas resursu izmantosanai energijas ieguve. Pati problema ir
plasaka — energija ne tikal jaiegust, ta a1 ir jatransporte, jauzglaba, japarvers un
vienlaicigi tai jabat ekonomiski izdevigai. Udenraza energetika ir atzita par vienu no
daudzsolosaka am nakotnes energijas formam.

Metalhidridi ir loti piemeroti tdenraza absorbcijas, uzglabasanas un desorbcijas
materiali. Svarigi ir visa veida eksperimenti un pétijjumi, kas dotu izpratni par konkrétu
metalhidridu 1pasibam, kingtiku, termodinamiku, jo klasiskie sakausgjumi (LaNis, FeTi,
M@Ni) ir va nu parak dargi, va ir optimali pie neizdevigiem nosacijjumiem (parak
augsta/zema temperatiira, spiediens).

Darba gaita tika petits ar lantanu bagata metala (Mm) Gdenraza absorbcijas un
desorbcijas atrums un daudzums, saidzinosi ar §1 pasa metalhidrida un citu materialu
(S0, C, WO;3, B,03) maisijjumu. Mérkis bija atrast tadu materialu kompoziciju, kura
bttu ar labam absorbcijas/desorbcijas 1pasibam, atru kingtiku un pec iespgjas vienkarsak
un Ictak iegistama. Eksperimentos tika izmantoti termogravimetriskie svari, ar
kontrolgjamu temperatiru un spiedienu. Eksperimentu atkartojot, izmainot tikai
apstradajamo materialu, tika ieguti dati un izdariti secinajumi par attiecigo materialu
tidenraza absorbcijas un desorbcijas pasibam.

HYDROGEN ABSORPTION AND DESORPTION RESEARCHESIN
METALHYDRIDES

L.Grinberga®, J. Kleperis', F.W. Poulsen?, A.S. Pedersen?
! Institute of Solid Sate Physics of University of Latvia
? RISY Denmark’ s National Research Centre

Nowadays, there is paid a big attention to researches related to new energy
sources and renewable energy usage in entire world. However, the investigation problem
also concerns to energy storage, transport, usage, hereto, all process has to be as cheep
and easy as possible. Hydrogen energy is one of the leading and most promising
investigation objects.

Metahydrides are materials with very suitable qualities for hydrogen absorption,
storage and desorption. There is important to know and investigate characteristics,
kinetics and thermodynamics of new metahydride alloys to comparison with known,
classical ones, because of possible better processes and cheaper obtaining.

In this work was investigated hydrogen absorption — desorption rate and amount
of La rich metal (Mm) in comparison to the same metalhydride composite with other
materias (SIO,, C, WO3, B,03) by using thermogravimetric balance. Experiment in the
same way was repeated just with change material. Gained data was treated and
conclusions were made.



FLEKSIBLSMAGNETISKSMIKROPELDETAJS

A. Cebers, |. Javaitis
Latvijas Universitates Fizikas institiits

Pedeja laika raditi jauni materiali — fleksibli magnétiski filamenti, kuru lokaniba ir
miljardiem reizu lidlaka neka parastiem materialiem. Sadi filamenti tiek izveidoti
submikronu paramagnétiskas dalinas saistot ar poliméra molekulam, piemeram,
poliakrilskabi. Efektivais Junga modulis siem filamentiem ir ar kartu 1 kPa un var tikt
noteikts izmantojot mikromehaniskas metodes. Viena no $im metodem balstas uz
specifisku lieksanas nestabilitati perpendikulara filamentam magnéetiska lauka, ko induce
lauka raditie speka momenti. Nestabilitates slieksni nosaka magnetoel astigais skaitlis Cm,
kurs raksturo magnétisko un elastibas speku attiecibu. Pie Cm vertibam, kuras lielakas
par kritisko veidojas filamentu struktiras matu saspraudu forma. Saja darba tiek
noskaidrota arkartigi interesanta §is filamentu formas ipasiba — mainiga péc virziena
magnetiska lauka sie filamenti darbojas ka mikromotori. Noskaidrots so mikromotoru
kustibas atrums viskoza skidruma atkariba no lauka frekvences un ta virziena svarstibu
amplitidas. Aplukojamie mikromotori var radit principiali jaunas metodes dazadu
makromol ekulu un $tinu separacijai, ta ka so mikromotoru piedzina un kustibas virziensir
viegli kontrolgjami ar magngetisko lauku. Nobeiguma tiek paradits, ka vienadojumi, kuri
apraksta magnétisko filamentu kustigumu ir principiali tuvi modeliem, kuri apraksta
flagellu deformacijas, kuras nodrosina dazadu mikroorganismu kustibu.

FLEXIBLE MAGNETIC MICROSWIMMER

A. Cebers, |. Javaitis
Institute of Physics, University of Latvia

New materials — flexible magnetic filaments were created recently. Their flexibility is
billion times larger as that of common materias. These filaments are made from
submicron paramagnetic particles linked by polymer, for example, polyacryl acid.
Effective Young modulus of these filaments is aout 1 kPa and can be measured by
micromechanical methods. One of these methods uses specific bending instability of the
filament in perpendicular magnetic field, which isinduced by the torques from the field.
Threshold of the ingtability is determined by magnetoelastic number Cm, which
characterizes ratio of magnetic and elagtic forces. At Cm values larger than critica
filaments having the shape of hairpin are formed. Here very interesting property of
hairpin shape isillustrated — in alternating direction magnetic field the selfpropulsion of
filaments takes place. The velocity of these micromotors in the viscous fluid in
dependence on the frequency of the field and its direction oscillation amplitude is found.
These micromotors can give completely new approaches for the separation of
macromolecules and cells, since their motion is easily controlled by the magnetic field.
Findly, it is illustrated that the equations, which describe the mobility of the filaments
are principally close to the models, which describe the deformation of flagella
responsible for the mobility of different microorganisms.



DIELEKTRISKO NANODALINU KOLOIDSKA AKTIVA SISTEMA

A. Cébers, M. Ozols
Latvijas Universitates Fizikas institiits

Pedgja laika ar vien lidaku interesi iegist dazadas aktivas sistemas. Ka piemeérs bitu
minamas stnas, kuras darbojas dazada tipa aktivas sistemas — molekularie motori, jonu
sikni u.c. Dotaja darba tiek gpskatita aktiva sisttma - dielektrisku dalinu suspensija vaji
vadosa vide. Energijas pievadu, kur§ nodrosina tas parvérsanu mehaniska darba
mikroliment, nodrosina dalinu M aksvela-V agnera polarizacija argja elektriska lauka. Seit
tiek ilustréta virkne neparastu ipasibu, kadas piemit dotga sistema — vides efektivas
elektrovadamibas pieaugums, ja elektriska lauka vertiba ir lielaka par kritisko, ko izsauc
ladinu konvektiva parnese dalinu mikrorotaciju del, negativas viskozitates efekts,
autosvarstibas sistemas ar elastigiem elementiem. Mazu dielektrisko dalinu izmeru
gadijuma batisku lomu mingtajas paradibas spele siltumfluktuacijas. Ar izveidota modela
palidzibu paradits, ka $ga gadijuma izveidojas bistabila aktiva sistema, starp kuras
stavokliem notiek siltumfluktuacijas. So siltumfluktuaciju ietekme tiek ilustrata apskatot
negativas viskozitates efektu. Sistemas ar nelielu dalinu skaitu noteikta parametru vértibu
digpazona tiek novérotas divvirzienu haotiskas svarstibas, kuras analogiskas molekularo
motoru gadijuma noverojamam.

COLLOID OF DIELECTRIC NANOPARTICLESASACTIVE SYSTEM

A. Cébers, M. Ozols
Institute of Physics, University of Latvia

Different active systems have obtained great interest recently. As examples we can
mention biologica cells, where different active systems are in action — molecular
motors, ionic pumps and other. Here an active system — suspension of dielectric particles
in liquid with low conductivity is considered. The energy supply, which is converted to
the mechanical work on the microscale, is carried out by Maxwell-Wagner polarization
in externa electric field. Different unusua phenomenain this system are illustrated here
— increase of the elektroconductivity in the electric field above the critical, which is
caused by the microconvective charge transfer due to the microrotation of the particles,
negative viscosity effect, autooscillatons in the systems with elastic elements. When the
size of dielectric particles is small the essential role is played by the thermal fluctuations.
On the basis of the proposed model it isillustrated that in this case active bistable system
arises with the therma fluctuation caused transitions between the states. The role of
thermal fluctuations in negative viscosity effect is considered. In systems with the
number of the particles not too large in the definite range of the parameters random
bidirectiona oscillations of the suspension motion is observed, which is analogous to the
registered for some systems of molecular motors.
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CIRKONIJA UN ALUMINIJA OK SIDU SISTEMASNANOK OMPOZITU
SINTEZE

J. Grabis, L. Kuzpecova
Rigas Tehniskas universitates Neorganiskas kimijas institits

Cirkonija-aluminija oksidu nanostrukturalajiem materialiem raksturiga augsta
stipriba, termisko triecienu izturiba, korozijas noturiba un plastiskums. Tomer
materialu 1pasibas ir stipri atkarigas no mikrostruktiras un viendabiga komponentu
sadalijuma, ko savukart liela méra nosaka to ieguvel izmantoto nanoizméru pulveru
izmeri un morfologija

Darba izstradata nanoizmeru ZrOx-Al,O3 dalinu plazmaskimiskas sintézes
tehnologija, kas balstita uz konvencialo oksidu maisjumu iztvaicesanu
augstfrekvences izlades plazma.

Procesa iegitas sferiskas nanokompozitu dalinas, kas sastav no ZrO, dalinam,
parklatam ar Al,Os kartinu. Dalinu izmeri ir 10-100 nm un ir atkarigi no procesa
parametriem un komponentu attiecibas. Aluminija oksids nanokompozitos veicina
metastabilas tetragonalas ZrO, fazes veidosanos un ierobezo ta pargu monoklina faze,
bet ZrO, sekme a-Al,O3 veidosanos papildus termiska apstrade.

PREPARATION OF PARTICULATE NANOCOMPOS TESBASED ON
ZIRCONIA AND ALUMINA

J. Grabis, L. Kuzpecova
Institute of Inorganic Chemistry of Riga Technical University

Zirconia-alumina composite ceramics have good strength, toughness and thermal-
shock resistance properties due to microcracking and stress-induced toughening effects,
caused by the ZrO, phase transformation and different thermal expansion of components.
Besides this ZrO,-Al O3 nanocomposites exhibit superplasticity. However characteristics
of zirconia-alumina ceramic strongly depend on the component distribution, phase
composition and grain size, determined by the characteristics of used raw powders and
sintering method. For manufacture fine-grained ceramics use of nanosized highly
homogeneous particulate composites are essentially.

The aim of present work was development of plasma chemical method for
preparation of nanosized homogeneous particulate ZrOx-Al,Os3 composites by
evgporation of raw powdersin aradio-frequency plasma.

The particle size of prepared spherical ZrO, coated with Al;Os is in the range of
10-100 nm depending on the process parameters and ratio of components. Alumina in
nanocomposites increases amount of metastable tetragonal modification of zirconia and
retards formation of monoclinic phase but ZrO, promotes formation of a-Al;Os during
additiond heat treatment.
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IMERSIJASHOL OGRAFISKAISIERAK STSAMORFOSHAL KOGENIDOS

J.Teteris
Latvijas Universitates Cietvielu fizikas institits

Virsmas reljefa un optiska lausanas koeficienta moduléti holografiskie rezgi ar periodu
0.15 — 1.0 mm tikaierakstiti amorfas halkogenidu Kartinas ar imersijas metodi [1]. Rezga
periods, krustojoties diviem gaismas stariem prizma ar lausanas koeficientu n var izteikt
ka L=l ¢/2 n sing, kur | ¢ ir gaismas vilna garums vakuuma, bet q ir puslenkis starp
gaismas stariem prizmas iekspuse. Tika izmantotas taisnlenka prizmas ar n=1.5 — 2.6.
Amorfas As-S-Se Kartinas ar optisko lausanas koeficientu n=3.2 pie 488 nm tika lietotas
ka fotorezists virsmas reljefa rezgu ierakstam. Pec ieraksta tika izmantota slapja
kodinasana Rezgu periods un profils tika mérits ar ASM. Veicot ierakstu gaisa (n=1) pie
lenka starp stariem 90°, iegast periodu 0.345 nm, bet izmantojot prizmu ar n=1.75 iegust
periodu 0.197 mm. Imersijas prizmu pielietosana holografiskga ieraksta dod iespéju
samazinat rezgaperiodu n (prizmas optiskais lausanas koeficients) reizes.

IMMERSION HOLOGRAPHIC RECORDING IN AMORPHOUS
CHALCOGENIDES

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

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

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



TRANSMISIJASHOLOGRAMMU |ERAK STS AsssSess KARTINAS

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

Dotga darba, eksperimentali pétitas elementaras transmisijas hologrammas AsssSess
kartinas. Aplukota plevisu biezuma (d~0.1mm <| .3nmm) ietekme uz hologrammas
ipasibam atkariba no ieraksta (I 1=0.488mm, 0.514mm, 0.6328nm) un nolasosa
(1 =0.488mMm , 0.514mm, 0.6328mm, 1.15mm) vilpa garuma pie dazadiem rezga
periodiem (0.2mm <L<0.9 nm). legitie rezultati parada, ka ieraksta ipasibas nav tik
butiski atkarigas no rezga perioda (aplukotaja diapazona), cik no nolasosa vilna garuma

RECORDING OF TRANSM|SSION HOLOGRAMSIN AsssSess FILM S

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

The present work demonstrates the studies of AsssSess thin film transmission holograms.
The influence of film thickness (d~0.1mm <I .3nm) is considered in dependence of
recording (I 1=0.488mm, 0.514mm, 0.6328mm) and reconstruction (I ,=0.488mm
, 0.514mm, 0.6328mm, 1.15mm) wavelength as well of grating period (0.2mm <L<0.9
mm). The results obtained show more essentia dependence of hologram properties from

reconstruction wavelength as from grating period (throughout considered in current work
range of periods).
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VILNU FRONTESINVERSIJA A-AS-S-SE KARTINAS

A.Ozols?, K .Ozols', G.Ivanovs®
'Rrgas Tehniska Universitate
?Latvijas Universitates Cietvielu fizikas ingtitiits

Pirmo reizi Latvija ir eksperimentali 1stenota un izpétita gaismas vilnu frontes inversija
(VFI). Plakanu un sferisku VFI ir veikta a-AsypSisSess Kartinas, izmantojot cetru vilnu
mijiedarbes shemu ar 633 nm He-Ne lazeru. Aplikojot VFI procesu holografiski, mazas
difrakcijas efektivitates (DE<<1) tuvinajuma ir aprekinata VFI efektivitate (inversas
atstarosanas koeficients) . Paradits, ka tad VFI efektivitate ir proporcionala DE. Talakie
eksperimenti S0 slédzienu ir apstiprinajusi. Pamatojoties uz Siem aprekiniem, ar
»Matlab” programmu ir optimizéta VFI shéma. Plakanu vilnu gadijuma ir izpétita VFI
efektivitates atkariba no ekspozicijas laika, gaismas intensitates (0.084-0.33 W/cm?) un
holografiska rezga perioda (1-8 um). Gan atseviski, gan vienlaicigi ar VFI efektivitati
tika mérita art DE. Maksimala VFI efektivitate bija 2.3%, bet minimala VFI ieraksta
energija — 2 J(cm®%). Maksimala DE art bija 2.3%, bet holografiska rezga minimala
ieraksta energija — 5 J(cm?%). Sferisku vilpu gadijuma VFI efektivitate bija 0.64%,
ieraksta energija - 141 J(cm?%). Visi rezultati atbilst 4.5 um biezam kartinam. Referata
tiks 1si gpliikoti a1 VFI pielietojumi fotoinducétu procesu pétisana, optiskgos sakaros,
militaraja tehnika un citur.

PHASE CONJUGATION IN A-AS-S-SE FILMS

A.Ozols*?, K.Ozols', G.lvanovs
! Riga Technical University
?Institute of Solid Sate Physics, University of Latvia

Light wavefront inversion (phase conjugation) is experimentally realized and studied
for the first time in Latvia Phase conjugation (PC) of plane and spherical waves is
carried out in aAsyS55e45 thin films in four-wave-mixing geometry with a 633 nm He-
Ne laser. PC efficiency (inverted wave reflectivity) is theoretically calculated using
holographic approach in the small diffraction efficiency (DE<<1) limit. It is shown
theoretically and proved experimentally that PC efficiency is proportiona to DE.. The
PC setup was optimized using these calculations and the ,,Matlab” program. In the plane
wave case the PC efficiency dependences on exposure time, light intensity (0.084-0.33
W/cm?) and holographic grating period (1-8 um) have been measured. Separately and
simultaneously the DE dependences on the above mentioned parameters have been
measured as well. The maximal PC efficiency was 2.3% and the minimal PC recording
energy was 2 J/(cm*%). The maximal DE was 2.3% as well but the minimal holographic
recording energy was 5 J/(cm?%). In the case of spherica waves the PC efficiency was
0.64%, the PC recording energy was 141 J/(cm°%,). These results correspond to 4.5 pm
thick films. PC applications in the studies of photoinduced processes, optica
communications, military technologies and other areas will be briefly considered in the
presentation as well.
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HOL OGRAFISKAISIERAKSTSAMORFASAS;S; KARTINASAR 633 NM HE-
NE LAZERU

Dm. Saharovs?, A.Ozols"?, M .Reinfelde?
!Rigas Tehniskas Universitates Tehniskas fizikas ingtitiits
’Latvijas Universitates Cietvielu fizikasinstitits

Parasti hologrammu ieraksts a-As,S; Kartinas notiek ar Ar’ lazeru (A\=488.0 vai 514.5
nm). Ta pamata ir struktiras fototransformacija ar As-As saisu parveidi. Sini darba ir
eksperimentali petits holografisko rezgu (periodi A=0.55-20 um) ieraksts ar nefokusztiem
(ieraksta intensitate 0.58-0.78 W/cm?) un fokusstiem (68-125 W/cm?) 633 nm He-Ne
lazera stariem 5.4 um biezas a-A$,S; Kartinas uz stikla pamatnes. leraksts ar fokusetiem
stariem bija daudz efektivaks (maksimala difrakcijas efektivitate (DE) nmax =12.1%)
neka ar nefokusstiem (nmax =0.11%). Atskiras a1 DE atkariba no A: bez fokusesanas
optimals bija periods A=0.7um, bet ar fokusesanu — A=5-20 pum. leraksts saglabajas
vismaz vairakus menesus. Nav konstatétas ne fotoinducgtas absorbcijas spektru ( 400-900
nm digpazona), ne a1 periodiskas kartinas biezuma izmanas.Tas nozimé tiru fazes
ierakstu. leraksta mehanisms nav skaidrs, tacu visticamak tas ir saistits ar cita tipa
struktiiras fototransformaciju, ko rada fotoinducgta sera atomu saisu maina un to difazija.
633 nm ieraksta prieksrocibas: 1) nav vajadzigs dargs Ar’ lazers, 2) var ierakstit
kvalitativakas atstarosanas hologrammas, jo ieraksts ir daudz viendabigaks.

HOLOGRAPHIC RECORDING IN AMORPHOUS As,S; FILMSBY A 633 nm
He-Ne LASER

Dm. Saharovs', A.Ozols*?, M .Reinfelde?
! Institute of Technical Physics ,RigaTechnical University
%I nstitute of Solid Sate Physics, University of Latvia

Hologram recording in As,S; films is usualy made by an Ar* laser (A=488.0 or 514.5
nm). It is based on photoinduced structural changes (PSC) involving As-As bond
transformations. We report on the experimental studies of holographic grating (with
periods A=0.55-20 um) recording by either unfocused (recording light intensity 1=0.58-
0.78 W/cm?) or focused (1=68-125 W/cm?) 633 nm He-Ne laser beamsin 5.4 pm thick
aAsS; films sputtered on a glass substrates. Focused recording was much more
efficient  ( the maximal diffraction efficiency (DE) )nmax=12.1%) than unfocused one
(Mmax =0.11%). The DE versus A dependence aso differs. Periods A=0.7um were
optimal for unfocused recording whereas A=5-20 um for the focused one. The recording
was practically stable for, at least, severa months. No photoinduced changes in
absorption spectra ( in 400-900 nm range) or periodic film thickness changes were
found. Thus 633 nm recording was purely phase one. The recording mechanism is not
clear but, most probably, it is based on another type of PSC involving photoinduced
bond switching of sulfur atoms and their diffuson .The advantages of the 633 nm
recording: 1) expensive Ar" laser is not needed; 2) reflection holograms of higher
quality can be recorded because of much higher homogeneity.
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LAZERDEFEKTU GENERACIJASDINAMIKA IV GRUPAS PUSVADITAJOS

A. Medvids, A.Micko, P.Onufrijevsun D.Grabovskis
Tehniskas fizikas institits, Rigas Tehniska Universitate,
Azenesiela 14, Riga.

Lazera starojuma radita pasdefektu generacija tika pétita germanija un silicija. Paraugus
apstaroja ar YAG:Nd lazeru, lietojot dazadas starojuma intensitates un starojuma pirmo
un otro harmonikas. Apstarosnas laika tika meritas volt-amperu raksturliknes krustota
elektriska un magnetiska laukos. Ar optisko mikroskopu tika petita paraugu virsmas
morfologija. Tika novérots, ka paradas lazerstarojuma intensitates slieksna efeksts
mainoties parauga pretestibai: Ge tas ir pie 2 MW/cm? (pirma harmonika) un Si -
6MW/cm? (otra harmonika). Punktveida defektu akumulacija tika novérota, pieaugot
parauga pretestibal atkariba no lazerimpulsu skaita

DYNAMICSOF LASER-INDUCED DEFECT GENERATION IN IV GROUP
SEMICONDUCTORS

A.Medvids, A.Micko, P.Onufrijevs, and D.Grabovskis
Institute of Ttechnical Physics, Rigas Ttechnical University,
Azenes Str.14, Riga

Laser-induced generation of intrinsic defects in germanium and silicon is studied. The
samples were irradiated with different intensities of YAG:Nd laser (the first and the
second harmonics). The current-voltage characteristics insitu were measured in crossed
electric and magnetic fields. The optical microscope was used to study morphology of the
irradiated surface. The effect of threshold intensity of laser radiation was observed when
the resistivity of sample is changed: in Ge it is 2 MW/cm? (the first harmonics) and in Si
— 6MWI/cm? (the second harmonics). The accumulation of point defects was also
observed as increase of sample resistivity with number of laser pulses.
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OPTISKIE KIMISKO VIELU SENSORI

O.Balcers, J.Teteris
LU Cietvielu fizkas institits

Sajas tezes 1suma izklastiti svarigakie vilnvadu darbibas principi. ST analize ir dala no
doktorantiras darba. Ta merkis ir attistit jaunu tehnologisko nisu- optiskos sensorus
materialos, kuri jau ilgstosi ir Optiska ieraksta laboratorijas uzmanibas loka- amorfo
halkogenidu planas Kartinas. Sie materiali ir unikali ar to, ka badami caurspidigi talgja
infrasarkangja jodla, kura atrodas daudzu organisko vielu raksturigas vibracijas modas,
vienlaicigi ir optisko hologrammu ieraksta materiali ar superaugstu izskirsanas speju.
Tezes iezimeta darba talaka attistiba, lai optimizétu vilpvadu lietojumu darbibai gaisa,
Skidrumu un biologiskas vides sensoros.

OPTO-CHEMICAL SENSORS

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

Thesis explains the most important waveguide principles of opto-chemical sensors. This
anayses is a part of doctoral study. The goal of study is to develop a new technological
niche- optical sensors in materials (amorphous chalcogenide thin films) that are within
the main research scope of the Optical recording laboratory. The chalogenide glasses are
infrared transmitting. The IR spectra range corresponds to the absorption bands of many
organic compounds. At the same time amorphous chalcogenide semiconductor thin films
are applied as high resolution materials in holography. Thesis suggests possible work
development directions to optimise waveguide usage in air, water and biochip sensors.
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|ZKLIEDESELIPSOMETRIJA ELEKTRISKI VADAMAI IZKLIEDEI PDLC -
POLIMEROS DISPERGETOS SKIDROSKRISTALOS

Maris Ozolins, Huans M anuels Bueno*, Gatis | kaunieksun VarisKaritans
Latvijas Universitates Cietvielu fizikas institits
*Murcijas universitates Optikas laboratorija

Attéla uz acs tiklenes kvalitates izmainai vizuala stimula izkliedes rezultata (acs
katarakta, nelabveliga vides ietekme) petijumos tiek pielietoti optiski elementi ar vadamu
gaismas izKkliedi. In vivo eksperimentos ir iespgjams noteikt virkni parametru, vélams
intensitates invariantu, kas varétu kalpot par meru acs patologisko izmainu pakapei. Sada
skatfjuma tiek petiti invarianti lielumi acs aizsegiem, kuri tiek pielietoti dazadu situaciju
smulésanai. Masu petijumos tiek veikta elipsometriska izkliedeétas gaismas analize
PDLC — polimgros dispergetu skidro kristalu globulam aizsegos, ko més vélétos izmantot
redzes zinatnes eksperimentos [1].

Merjjumi  tiek  veikti, izmantojot
klasisku €lipsometrijas shému a fazu
plaksniti, kura orientéta vairakos (¢etros)
virzienos — tadejadi ar iespeju veikt lepkiskas e N i
atkaribas visiem cetrien Stoksa vektora ™| S i

dm‘mtiem [2] - T FOINT SILRCK
Ka galvenie no intensitates invariantie - A PR
lielumi tiek izmantoti no Stoksa vektora B

iegutie depolarizaciju un cirkularo polarizaciju -
raksturojosie lielumi izkliedetgai gaismai. Rezultati, kas ieguti zilagjam (473nm), zalgjam
(532nm) un sarkanagjam (671nm) starojumam, lauj spriest par sadas PDLC plaksnites
objektivgiiem raksturlielumiem. Rezultati parada iespeju izmantot depolarizaciju, lai
noteiktu acs patalogijas pakapes meru [3], un a1 ievérojamu cirkularas polarizacijas
ieguldijumu, starojumam izejot no izkliedejosas plaksnites. Salidzinajums ar realiem —
acsin vivo merijumu datiem tiek attistits turpmakag os pétijumos.

ELIPSOMETRY OF ELECTRICALY CONTROLED SCATTERING IN PDLC -
POLYMER DISPERSED LIQUID CRYSTALS

Maris Ozolinsh, Huan Manuel Bueno*, Gatis | kaunieksand Varis Karitans
Institute of Solid State physics at the University of Latvia
*Optics Laboratory of the University of Murcia

Results of elipsometric investigation are reported for the scattered light in
polymer dispersed liquid crystals PDL C eye occluders used in vision science experiments
to determine the deterioration of visual performance due to light scattering.
Depolarisation is used as an intensity invariable measure to characterize the eye
scattering ;pathologies, A considerable circular polarized light contribution in scattered
light is measured.

1. M. Ozolinsh and G. Papelba, Ferrodectrics 304, 207-212 (2004).

2. J. M. Bueno, E. Berrio, P. Artal, Opt. Lett. 28, 1209-1211 (2003)
3. J. M. Bueno, E. Berrio, M. Ozolinsh, P. Artal, J. Opt. Soc. Am. A, 21, 1316-1321 (2004).



NELINEARO OPTISKO KOEFICIENTU d;; NOTEI KSANA —METODIKA,
PROBLEMASUN TO RISINAJUMI CFI.

M. Rutkis, V. Zauls
Latvijas Universitates Cietvielu fizikas institits,
Kengaraga iela 8, Riga LV-1063, Latvija

Viens no gavenajiem petijjumu virzieniem CFl ir jaunu augsti efektivu materialu
radisana nelinearai optikai. Makroskopisko nelinearo optisko koeficientu tenzora d
vertibas ir pamatkritérijs jaunu materialu novertésanai un talakai to optimizacija
nelinearas optikas iericu vajadzibam. Tenzora d;; vertibu noteiksanai izmanto optiskas
otras harmonikas generacijas (OHG) efekta atkaribu no gaismas krisanas lenka un
polarizacijas, va ta saukto Meikera joslu metodi. Misu pieredze eksperimentalo datu
aproksmacija parada, ka lietojot nekorektas meramas sisttmas linearas optiskas
konstantes (n;,ny, N;,, N5, ,a,,,8,, Un Kartinas biezums) koeficientu di noteiksana
iespegjamas butiskas kludas. Lai izvairitos no sadam kladam, dj noteiksanai javeic
komplekss eksperiments, kurs ietver sevi ne tikat OHG noverosanu, bet art virkni linearo
optisko m&rjjumu ieprieksmingto konstansu noteiksanai.

Referata tiks apskatitas CFl esosas eksperimentalas iekartas un izstradatie datu
apstrades algoritmi $o pétijumu veiksanai.

Deter mination of the nonlinear optical coefficients D,; — methodology, problems
and solutions at the | SSP

M. Rutkis, V. Zauls
Institute of Solid State Physics, University of Latvia,
Kengaraga Str. 8, Riga LV-1063, Latvia

One of the major investigation tasks at the ISSP is search for new highly effective
materials for the nonlinear optics. Magnitude of the nonlinear optical coefficients djj is
basic criteria for the new material evaluation and further optimisation for the usage in
nonlinear optical devices. The determination of the d;; can be performed by optical second
harmonic generation (SHG) effect measurements as function of incidence angle and
polarization, or a Maker fringe technique. Our experience in approximation of the
experimental data shows, that usage of the inaccurate linear optica constants
(ny,ny, n,,n;,.a,,a,, and film thickness) leads to significant errors in determination
of the d;;. To avoid that kind of errors the determination of the d;; should be performed as
complex experiment consisting not only SHG determination, but also severa linear
optical measurements for the determination of the above-mentioned constants.

In our presentation we will discuss experimenta facilities and data handling
algorithms used at the ISSP for these investigations.
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POLIMERA MATRICASAR BETAINA TIPA MOLEKULAM IEGUSANAS
IESPEJAS AR “ SPIN-COATIG” METODI

A.Tokmakovs?, AVembris’, | Muzikante™? L .Gerca? E.Laizane?
'Fizikalas Energétikas ingtitirts, Aizkrauklesiela 21, Riga LV 1006, Latvija
?|_atvijas Universitates Cietvielu Fizikas Institiits, Kengaraga iela 8,
LV-1063 Riga, Latvija

Molekulara elektronika viena no galvenam prasibam ir iegit planas Host-Guest sisttmas
ar lielu hromofora koncentraciju. Galvenais nosacijums Kkartinu veidosana ir, la tga

neveidotos agregati un kristali. Lai samazinatu pléves o
biezumu, izmantojam “ spin- coating” metodi. Tiek petitas
: GRI/ \> iespe
(= jas
(0]

CI3H3 CI3H3 CI3H3
O. O O. __O O. O iegi
o, Ocr o, e o, OS¢ o |egli|1t
{CH—CI:H—CH—CI:H—CH—CI:H—CH—CI:H—CH—CI:H—CH—CI:H} (Indc’-:l
n
_C_ CH _C. CH _C. CH . . .. ..
0" ™o * o770 * o770 : n-1,3-dion-2-il) piridinija
CHs CHz CHs betaina(IPB) Host-Gest
s-PMMA sisttmas. La iegitu planas

pleves a maksmalu IPB
molekulu koncentraciju sindiotaktiska un izotaktiska polimetilmetakrilata (PMMA)
matrica izmanto “spin —coating” metodi. Lidz ar to izveidotas Kartinas ir planakas.
Eksperimentali to biezumsir mazaks par 1nm.

POLYMER MATRIX WITH BETAINE TYPE MOLEKULE PROCESSING
POSSIBILITIESBY SPIN-COATING METHOD

A.Tokmakovs!, A.Vembris®?, L.Gercal, | Muzikante*?, E.L aizane?

!nstitute of Physical Energetics, Aizkraukles Str. 21, RigaLV 1006, Latvia
?Ingtitute of Solid State Physics, University of Latvia, Kengaraga Str .8, LV-1063 Riga, Latvia

One of the main Host-Guest

system requirement is to get film CHs CHs CHy CHy CH CH
Wlth |arge hromophore —I:CH_(I:H_CH_(I:H_CH_(I:H_CH_(I:H_CH_(I:H_CH_(I:H}
n
i i /C /C\ /C\ /C\ /C\ /C\
concentration without o*S0 0#%0 0#%0 0#M0 0*ho o*%o
aggregation or crystalline. Large CHs CHs CHs CHs CHs CHa
absorbance value was reduced by i-PMMA

making film thinner. We study

possibilities of N-(Indan-1,3-dion-2-yl) pyridinium betaine(IPB) incorporation in to
syndiotactic and isotactic poly(methyl methacrylate)(PM M A) with maximum
concentration. Film with thickness less than 1mm was made by spin-coating method.
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DMABI SAIMNIEKA-VIESU SISTEMASNELINEARAS OPTISK ASIPASIBAS

A.Vembris? M. Rutkis"?, A. Tokmakovs’
! atvijas Universitates Cietvielu fizkas institits, Kengaraga iela 8,
Riga LV-1063, Latvija
’Fizikalas Energétikas ingtitirts, Aizkrauklesiela 21, Riga LV 1006, Latvija

DMABI molekula (1.zim) piemit nelinearas optiskas ipasibas, kuras efektivi var
izmantot un izpetit polimera matricas, saimnieka-viesu Y
gstema. Polimeru kartinas a dazadu DMABI /o
koncentraciju (s-PMMA) izveidoja uz stikla un ITO ety

N
pamatnes, izmantojot lieSanas metodi. Paraugus orientéja ﬁ
ar koronas izlades metodi. c
Darba optimizéja DMABI molekulu koncentraciju

parauga un orientésanas temperatiru. Optimalaka
koncentracija ir starp 10 — 15 wt%, pie kuras maksimala
ds3 vertiba ir ap 40 pm/V. Orientésanas temperatiira intervala 80 -110 °C neietekmgja
parauga ds; vertibu. Tika pétita arT parauga nelinearo optisko 1pasibu stabilitate 1slaiciga
(atkariba no kritosas gaismas intensitates) un ilglaiciga (paraugam stavot tumsa) perioda.

Figurel

DMABI HOST-GUEST SYSTEM NONLINEAR OPTICAL PROPERTIES

A.Vembris'?, M. Rutkis"?, A. Tokmakovs’
!nstitute of Physical Energetics, Aizkraukles Str. 21, RigaLV 1006, Latvia
?|nstitute of Solid Sate Physics, University of Latvia, Kengaraga Str. 8,
Riga LV-1063, Latvia

DMABI molecules in solid state have nonlinear optical properties, which can be
used and investigated in host-guest polymer matrix. The studies of different DMABI
concentration in SPMMA on glass and ITO substrates are presented in this work. The
films were prepared as polymer doped systems by solvent casting. Samples were
orientated by corona poling.

In these work we optimize DMABI molecules concentration in sample and
orientation temperature. Optimal concentration with in 10-15 wt%. In this case maximum
ds3 value is around 40 pm/V. Influence of orientation temperature with in 80 -110 °C
wasn’t observed. We study aso stability of the nonlinear optical properties of samplesin
short term (dependence on irradiation light intensity) and long term (sample was stored in
darkness).
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DMABI MOLEKULU OPTISKI IEROSINATA PARNESE POLIMERA
KARTINAS

| . Muzikante*?, A.Tokmakovs', B.Stiller 3, K.Morawetz®
'Fizikalas Ener getikas institiits, Aizkrauklesiela 21, Riga LV 1006, Latvija
?|_atvijas Universitates Cietvielu fizkas institiits, Kengaraga iela 8,
Riga LV-1063, Latvija
3potsdamas Universitate, Am Neuen Palais 10, D-14415, Potsdama, Vacija

Virsmas reljefa rezgi (VRR) plana organiska kartina var ierakstit apgaismojot ar lazeru,
kad rezgis veidojas molekulam parvietojoties poliméra matrica temperatiras, kas ir daudz
zemakas par Kkartinas stiklosanas temperatiiru. Pasaulg tiek loti plasi pétiti fotoierosinato
masas parneses procesi, kurus nosaka azobenzola molekulu fotoizomerizacija un
fotoorientacija. Ka pétijumu objekts galvenokart tiek izmantota polimera plana kartina,
kasir art viegli izgatavojama.

Misu darba ir apskatiti pirmie virsmas reljefa iegusanas pétijumi ar polaro organisko
molekulu DMABI, kurai fotoierosinatie procesi nav saistiti ar tradicionalo
fotoizomerizaciju. Ir zinams, ka DMABI novéro iespéjamu fotoierosinatu parslégsanos
starp 2 stabiliem molekulas stavokliem poliméra matrica.

Virsmas reljefa veidosanas tika pétita poliméra matricas (ar dazadu stiklosanas
temperatiru 30-110°C rgona) aa DMABI molekulu koncentraciju no 1 lidz 9wt%. Ir
noverota virsmas reljefa veidosanas, paraugus apgaismoja ar 532nm gaismu, kas ir
molekulas galvengja absorbcijas joslas rgjona.

OPTICAL INDUCED MASSTRANSPORT OF DMABI MOLECULESIN
POLYMER MATRIX

| . Muzikante*?, A.Tokmakovs', B.Stiller*, K.Morawetz®
! nstitute of Physical Energetics, Aizkraukles Str. 21, Riga LV 1006, L atvia
?|nstitute of Solid Sate Physics, University of Latvia, Kengaraga Str. 8,
Riga LV-1063, Latvia
3Potsdam University, Am Neuen Palais 10, D-14415, Potsdam, Germany

The surface relief gratings (SRGs) are inscribed by impinging an interference pattern of laser
light onto the films, which causes mass transport over micrometer distances at temperatures well
below the glass-transition temperatures of the polymers. The processes involved in direct photo-
inscription of surface relief structures (SRGs) on azobenzene-containing polymer films is widely
studied all over the world. SRGs have been produced by various groups on amorphous side-chain
and main-chain azopolymers, and on liquid crystalline azopolymers, mostly in the form of spin-
coated films.

We investigate possible SRG process of dipolar donor-acceptor molecules DMABI in polymer
matrix. Investigations of optical properties of thin host-guest polymer films show that the
photoinduced process of DMABI is not related to the trans—cis isomerization but presumably with
the photoinduced switching between two equally stable states of the molecule in polymer matrix.
In this work first results of formation of the surface relief in polymer films incorporated with
DMABI molecules will be presented. The influence of glass transition temperature of polymer
and concentration of DMABI molecules on photoinduced mass transport will be discussed.
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L ADINA NESEJU FOTOGENERACIJA UN FOTOVOLTAISKAISEFEKTSAR
KRASVIELU DMABI DOPETA POLIMERA

| .Kaulag¢s!, | . Muzikante*? A.Tokmakov*, P.Sipkovs
'Fizikalas Energetikas institiits, Aizkrauklesiela 21, Riga LV 1006
?|_atvijas Universitates Cietvielu fizikas institits, Kengaraga iela 8, Riga LV-1063

Petita fotostrava un  fotovoltaiskais efekts  polimetilmetakrilata ar  krasvidlas
dimetilaminobenzilidéna 1,3-indandiona (DMABI) pigaukumu "sandwich" veida paraugos uz
kvarca palikina pie T=Tig un p<10® toru. Apakigjais elektrods - Au; augsgjais elektrods- In.
Paraugus apgaismojam ar monohromatisku gaismu caur puscaurspidigo Au eektrodu 380-2000
nm spektra diapazona. Nepolétos paraugos 1ssleguma fotostrava bija nieciga un ta neparsniedza
10" A. Tacu pidiekot paraugiem argjo spriegumu, 1idz 100V, un tos apgaismojot tika novérota
parauga polesanas fotostrava, kuras spektrs atgadina DMABI e ektronu absorbcijas spektru. Pec
$adas polesanas paraugos var registrét foto-EDS izraisito issleguma fotostravu, kuras spektrs atkal
ir lidzigs DMABI absorbcijas spektram, bet virziens pretejs fotopolésanas stravai. Mainot
polésanas fotodtravas polaritati var izmainit foto-EDS zimi parauga. Polgjot paraugu i-PMMA
stiklosanas temperatiiras ty rajona, var sasniegt foto-EDS vertibas |idz 70V. Tadgjadi ir iegats
“foto-kondensators’, kura uzlade nepieciesams argjais spriegums un apgaismojums, bet kura
izladesana var notikt tikai to apgaismojot. Pie kam Tssleguma fotostravas spektrs ir tuvs parauga
absorbcijas spektram ar nelielu joslas paplasinasanos un nobidi 10 vilnu virziena. Noisinot
paraugu tumsa tomer notiek Iena foto-EDS krisana ar t; > 6 menesi. Var domat, ka fotopolesana
notiek lokalizétam DMABI ierosinajumam sabrakot uz elektrodiem, kuras izraisa ladinnesgju
foto- injekciju. Sie ladina nesgji tiek sakerti dzilgjas lamatas (Er, = 0.5 — 2.8 €V), no kuram tos
var atbrivot optiski.

CHARGE CARRIER PHOTOGENERATION AND PHOTOVOLTAIC EFFECT
OF POLYMERE DOPED WITH CHROMOFORE DMABI

| Kaulach!, | Muzikante™?, A.Tokmakov®,P.Shipkovs'
! nstitute of Physical Energetics, Aizkraukles Sr. 21, Riga LV 1006
?|nstitute of Solid State Physics, University of Latvia, Kengaraga Str. 8, Riga LV-1063

The photocurrent and PV effect of polimethylmethacrylate dopped with chromofore
dimethylaminobenzilidene 1,3 — indandione (DMABI) sandwich type samples have been
investigated at T=Tcom and p<10 Tor. Bottom eectrode — Au; top dectrode — In. The samples
were illuminated by monochromatic light via semitransparet bottom Au electrode in the 380-2000
nm spectral range. For the unpoled samples short-circuit photocurrent was insignificant, being
less than 10™® A. However by applying external voltage up to 100V, and illuminating the
samples, we got photo-poling current which spectral dependence resembled it for electron
absorption. This photo-poling procedure created appearance of PV effect with short-circuit
current of opposite direction. The sign of PV effect can be reversed by changing direction of
photo-poling current. By poling sample at glass-transition temperature, it was possible to reach
even 70V high open-loop voltage. So something like “ photo-capacity” was obtained, chargable
by external voltage and light, but which can be discharged only by light and sample shortening.
However by shortening the samplein dark, slow discharge is observable with t gsn > 6 months.

It seems, that photo-poling proceeds through localized DMABI exitation destruction at electrode
followed by charge injection. These charges are entrapped in deep traps (Er; = 0.5—2.8 eV), but
can be released mainly optically.

OPTISK| IEROSINATA AZOBENZOLA PARSLEGSANAS PROCESA
PETIJUMI SKIDUMOSUN PLANAS K ARTINAS
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Azobenzola molekulam ir raksturigi atgriezenisks optiskas parségsanas efekts, kuru nosaka
pargja starp diviem stabiliem molekulas stavokliem. Tas nozimg, ka, apgaismojot molekulu ar
vienu vilpa garumu, ta maina savu stavokli no transizoméra uz cis-izoméru. Un savukart,
apgaismojot ar citu vilnu garumu, molekula maina savu stavokli no cis-izoméra uz trans-izomeru.
Svariga ir jaunu polaru azobenzola molekulu fotoierosinato pardegsanas procesu izpéte planas
kartinas un $kidumos. Saja sakara psta polara azobenzola atvasinajumus (skat.1.zim.) ar dazadam
funkcionalam grupam. Lai novertétu funkcionalo grupu

ietekmi uz pardégsanas procesiem, sakuma optiskas Ry
pasibas pétija skidumos. Nakamais izpetes solis saistas ar Ra'(CHz)n—OO N—NO SO, N-R;
opti_sko Tpaﬁl?u petisanu Lengmira -Blodzetas (LB) 1.ZMeiums

kartinas un polimera matricas.

Skiduma veidosanai izmanto hloroformu, kura vielas koncentracija ir 1*10™ mol/l. Saimnieka-
viesu sistéma sastav no 1wt% vielas un polimetilmetakrilata (ssPMMA). LB kartinas sastav no 19
monoslaniem, kas veido Y-veida struktiru. Kartinas izveidoja uz kvarca stikla pamatnes.
Paraugus gaismo ar vilnpa garumiem, kas atbilst trans-cis un cis-trans paregjam. Planas Kartinas
novero optiski ierosinato parslégsanas efektu, kuru ietekme molekulu sakartotiba

OPTICAL SWITCHING EFFECT OF AZOBENZENE IN SOLUTION
AND THIN FILMS

E.Laizane', A.Vembris®®, A.Tokmakov®, L.Gerca®, | Muzikante™®,
E.Markava®, D.Gustipa®
'Universyti of Latvia faculty of physic and mathematic, ZeJ/u iela 8,itga LV-1002
%Institute of Solid State Physics, University of Latvia, Kengaraga Str. 8, Riga LV-1063
¥ nstitute of Physical Energetics, Aizkraukles Str. 21, Riga LV 1006
*Latvian Ingtitute of Organic Synrhesis, Aizkraukles Str 21, Riga LV 1006

Azobenzene molecules have reversible optical switching effect between two stable states. It
means that irradiate molecule with one wavelength change from trans- isomer to cis- isomer and
irradiated with another wave ength change from cis — isomer to trans- isomer.

Study of new polar azobenzene molecule photoinduced switching process in solution and thin
films is very important. In this case we study polar azobenzene derivatives (Figure 1) with
different functional groups. Firstly all compounds were investigated in solution to estimate
functional group effect on switching process. Next step was studying of optical properties of
Langmuir — Blodgett (LB) multilayer and of host-guest polymer film.

We use chloroform as a solvent to make solution with 1*10™ mol/I azobenene concentration.
Sample of 1wt% azobenzene as guest and a polimethylmethacrylate (ssPMMA) as host was
prepared on quartz glass substrate. LB sample on quartz glass had Y-type structure with 19
monolayers. Samples were irradiated with aternate wavelengths, which satisfy trans-cis and cis-
trans transfer. Optical induced switching effect will be discussed.
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GAZESJUTIGA MOLEK UL ARA DIODE

R.Dobulans™?, E.Fonavs™?, | M uzikante*?, A.Tokmakov? M .Bouvet®
YU Cietvielu fizikas institits, Riga, Latvija,
’L ZA Fizikalas Energétikas institiits, Riga, Latvija,
®Neorganiskas kimijas un molekularo materialu lab.,
P.M.Kir7 universitate, Parize, Francija

Planas ftalocianinu (Pc) sublimétas kartinas novéro fizikalo ipasibu izmainas dazadu
gazu vide. Metalisko Pc plano kartinu elektrovadamiba mainas absorbgjot oksidejosas vai
reducgjosas gazes. Darbs ir veltits Pc atvasinajumu plano Kkartinu elektrisko 1pasibu
petijumiem gaisa, ka art amonjaka (NHs3) atmosféra. Viens no savienojumiem ir plasi
izmantotais nikela ftalocianins (PcNi), kuram ir p-tipa elektrovaditspeja, bet otrs -
fluoretais nikela ftalocianins (F1sPcNi), kam ir n-tipa elektrovaditspeja. Tika pétitas gan
atseviskas 30 vielu planas kartinas, gan arT dubultas Kartinas ar abiem materialiem. Sadam
dubultam paraugam novérojama p-n tipa pareja un diodes ipasibas.

Plano kartinu elektriskas ipasibas pétija ar voltampéra raksturliknem. Paraugi veidoti ar
apaksejo zelta (Au) un augsejo aluminija (Al) elektrodu.

Dubultais slanis Au/FisPcNi/PcNi/Al parastos istabas gpstaklos deva klasiskas diodes
voltampéra raksturlikni, kas liecina par p-n paregjas esamibu, bet amonjaka atmosféra tika
noverota simetriskas voltampera raksturliknes, kas liecina par iespéjamu p-n parejas
Izzusana.

GASSENSITIVE MOLECULAR DIODE

R.Dobulans™?, E.Fonavs™?, | M uzikante*?, A.Tokmakov? M .Bouvet®
!nstitute of Solid Sate Physics, University of Latvia,
% nstitute of Physical Energetics, LAS, Riga, Latvia,
3_aboratory 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 sensng to gases. The changes of electrica properties of metal Pc can be
influenced by absorption of oxidation or reducing gases.

In these studies nickel phthalocyanine (PcNi) as p-type material and fluorinated PcNi
(F16PcNi) as n-type material was used. The variation of the density of charge carriers due
to exposing to the ammonia NH;3 was studied by bulk electrical conductivity.

Thin films of PcNi and FisPcNi and their double film were prepared by vacuum
evgporation. Electrical conductivity was measured of “sandwich-type” samples with
bottom Au and top Al electrodes. Current-voltage characteristics both in room conditions
and in ammonia atmosphere were measured.

In room conditions the rectification effect of current-voltage characteristics of
Au/F1PcNi/PcNi/Al sample was observed. We may assume that the effect may arise due
to metallophthalocyanine based p-n junction. In ammonia atmosphere current-voltage
characteristic becomes symmetrical what shows about disappearance of p-n junctions.
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L ADINNESEJU SAKERSANAS CENTRU PETIJUMI METALA
FTALOCIANINA PLANASKARTINAS

J. Latvels, E. Fonavs, |. Muzikante
Latvijas Universitates Cietvielu fizikas institizts, Kengaraga iela 8, Riga LV-1063, Latvija

Ftalocianins ir viens no molekularo materialu modelsavienojumiem (1.zim.). Tam
ir raksturiga liela termiska, kimiska un fotokimiska stabilitate. Nemot
vera a1 mazas izmaksas, ftalocianins ir uzskatams par perspektivu
materialu  molekulargia elektronika (pieméram, lauka efekta
tranzistoros, gazes sensoros).

Darba tika izmantots “sandwich” tipa paraugs ar Au un Al
elektrodiem un tika petita nikela ftalocianina (PcNi) ladinnesgju
sakersanas centru energetiska struktara. Pétisanal tika izmantotas
telpas ladina ierobezoto stravu un termiski moduléta telpas ladina
ierobezoto stravu metodes (2.zim.).

PcNi parauga tika noveérotas vairakas caurumu lamatu grupas
aizliegto energiju sprauga.

Figurel

STUDIESOF CHARGE CARRIER TRAPSINMETAL PHTALOCYANINE
THINFILMS

J. Latvels, E. Fonavs, |. Muzikante
Institute of Solid StatePhysics, University of Latvia, Kengaraga Str. 8,
Riga LV-1063, Latvia

Phtalocyanine is one of compound of molecular materias (Fig.1). It has a great
thermal, chemical and photochemical
stability. In  combination with low

FoliE(U) (au+)

expenses we can consider phtalocyanine as -

a perspective material in  molecular : B

electronics (for example, field effect

~e
i
A

transistors, gas sensors).

E(eV)

In this work sample of “sandwich”

type with Au and Al electrodes were used - v

and energy structure of charge carriers 0.5 "

traps of nickel phtalocyanine (PcNi) were oo L
investigated. There were space charge Uev)
limited current (SCLC) and thermaly ]
modulated SCLC (TM-SCLC) methods Figure 2
used (Fig.2).

There were severa sets of hole traps in energy gap observed in PcNi sample.
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JAUNI DMABI ATVASINAJUMI NELINEARAI OPTIKAI

V Kampars', M .Utinans', P.Pastors', V.Grazulevicius’, | M uzikante®,
M .Rutkis®, A.Vembris®.
'Rigas Tehniska Universitate, Azenesiela 14/24, Riga LV-1048, Latvija
2 Kaupas Tehniska Universitate, Radvilenu Plentas 19, Kaunas, LT-3028, Lietuva
% Latvijas Universitates Cietvidu fizikas ingtitiits, Kengaraga iela 8, Riga LV-1063, Latvija

DMABI wun citas polari konjugetas molekulas ar 1,3-indandiona va ta
diciannometilénatvasinajumu fragmentiem ir pazitami nelinearas optikas hromofori
(NLO-fori. La noskaidrotu NLO-foru kimiskas struktiiras un ipasibu kopsakaru sga
darba veikti 2-(4’-N,N-dimethylaminobenzylidene)indan-1,3-dione (DMABI) un ta
mono- un didicianometilenatvasinajumu (DDMABI un DDDMABI) kvantu kimiskie
aprekini, optimizgjot, geometriju ar AM1, bet absorbcijas spektrus rekinot ar ZINDO/S
programmu. Pakapeniska karbonilgrupu aizvietosana samazina ladinu blivumu uz
atomiem, piemeram, uz C2 un Namino , tomer izteikts nukleofila uzbrukuma centrs
neveidojas. Pamatstavok]la dipolmoments pieaug rinda DMABI<trans-DDMABI<cis-
DDMABI<DDDMABI, bet ierosinata stavokla dipolmoments sasniedz maksimumu
transsDDMABI gadijuma. Kaut a1 gprékinato un eksperimentalo rezultatu absolatas
vertibas ir atskirigas, novero absorbcijas joslu maksmumu un intensitasu ka art
hiperpol arizejamibas teorgtisko un eksperimentalo vertibu korelaciju.

NEW DERIVATIVES OF DMABI FOR NONLINEAR OPTICS

V Kampars', M .Utinans', P.Pastors', V.Grazulevicius’, | M uzikante®,
M.Rutkis®, A.Vembris®.
'Riga Technical University. Azenes Str.14/24, Riga LV-1048, Latvia
? Kaunas University of Technology, Radvilenu Plentas 19, Kaunas, LT-3028, Lithuania
}Institute of Solid State Physics, University of Latvia, Kengaraga Sir.8, Riga LV-1063, Latvia

DMABI and other dipolar push-pull molecules with 1,3-indandione or its
dicyanomethylene derivative fragments are well known second-order nonlinear optical
chromophores (NLO-phores). In order to understand the structure - property relationships
of NLO-phores we made the quantum chemical calculations of DMABI and its
dicyanomethylidene derivatives: 2-(4’-N,N-dimethylaminobenzylidene)-3-
dicyanomethylidene-1-indanone (DDMABI) and (4’ -N,N-dimethylaminobenz-ylidene)-
1,3-bis(dicyanomethylidene)indane (DDDMABI) by AM1 and ZINDO/S and compare
the obtained results with those of experimental investigation.

The experimental absorption band positions and intensities as wel as
hyperpolarizabilities for DMABI, transsDDMABI and DDDMABI correlate with the
results of quantum chemical calculations. The ny increases in order DMABI<trans-
DDMABI<DDDMABI. In al cases there is a giant change of dipole moment upon
photoexcitation in long wave absorption band. The m reach maximum in the case of
transsDDMABI and is close to 14,6 D (the dipole moment change upon photoexcitation
is9,3 D).
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LZA AKADEMIKIS PETERIS PROKOFJEVS
(01.08.1925. — 01.12.2000).

J.Bérzins un U.Ulmanis
LU Cietvielu fizkas institits

Peteris Prokofjevs dzimis 1925. gada 1. augusta Latgalé, Kraslavas rgona Graveru pagasta
Lunu ciema ( agrak Daugavpils aprinka Aulejas pagasta “Lunos’). Vecakiem Prokofjevam
Trofimam (4.3. 1893 — 44.02. 1974 ) un Prokofjeva (dz. Petunova) Natalija (28.8.1903 —
4.10.1973) piedergja 7 ha zemes ( 3 ha aramzeme), 1 zirgs un 1 govs. Vecaki bija krievu
izcelsmes, kas jau daudzas paaudzes dzivoja Latgalé (visticamak vini ka vecticibnieki
ienaca Latgale 18.gs.) . 1932.g. P.Prokofjevs. uzsaka macibas Vaveru 4 klasu pamatskola,
turpinagja 1937-40. gg. Graveru 6 Kkl. pamatskola un no 1941-44.9. Daugavpils
ekonomiskaja tehnikuma (komercskola), bet vidéjo izglitibu ieguva ka eksterns 1945.g.
Daugavpils 1. latviesu vidusskola, taja pasa gada iestajoties LVU Fizikas un matematikas
fakultates fizikas grupa. Sava autobiografija P.Prokofjevs stasta/1/: “ Man dazreiz vaica,
kapec es parorientgjos no ekonomikas uz fiziku. Es domaju, ka tas notika galvenokart tris
apsverumu del. Pirmkart, man jau berniba patika verot dazadas dabas paradibas un meklét
to célonus. Otrais moments ir saistits ar labam sekmém fizika un matematika, par ko esmu
pateicigs saviem Graveru pamatskolas ( Aprubs) un Daugavpils Valsts komercskolas
(V.Sulce, J.Zalane) skolotajiem. Beidzot fiziku iemilgju, macoties LVU. To sekmgja
Fizikas un matematikas fakultates docenta Jizepa Cudara aktiva darbiba, iesaistot
jauniesus studijas, ka art docenta Ludviga Jansona izcila pedagoga prasme. Tapat esmu
pateicigs laboratorijas darbu vaditajai Almai Jansonel, ka art profesoram Jazepam Eidusam
par vina saistosi nolasito atomu spektroskopijas kursu. Bez macibam studiju laika
piedaijos fakultates deju kolektiva, kas bija pirmais Universitate, aktivi stradaju fakultates
arodkomiteja un studentu zinatniskaja biedriba”.

Diplomdarbs - Apgaismosanas gpstaklu analize tekstilfabrika “ Rigas Manufaktira” (vad.
doc. L .Jansons) tika teicami aizstavets 1950.9. Prokofjevu nosita darba uz LZA Fizikas un
matematikas instititu, kur ar 16. maiju vinS sak stradat par jaunako zinatnisko
Iidzstradnieku. Vina pirmais uzdevums bija kopa ar Ludvigu Peleki izstradat atomu
spektroskopiskas metodes mikroelementu ( Cu,Zn,B) noteiksanai augsne un lopbariba.
1951.gada P.Prokofjevs apprecas ar LZA Fl zinatnisko sekretari Beatrisi Groskaufmani un
ta pasa gada iestajas aspirantira. Sakuma planoja darbu Leningrada pie biofizikas un
molekularas spektroskopijas specialista profesora Mihaila Volkensteina. 1952.9g Fizikas
institaitam (FI) mainot tematiku no atomu spektroskopijas uz kodolfiziku, par Prokofjeva
aspirantiras vaditaju klist Padomju Savienibas Kodolspektroskopijas problémas vaditaja
PSRS ZA korr.-loc. Borisa Dzelepova darbinieks D.Mendelgjeva v.n. Metrologijas VZPI
vec.zin lidzstradnieks Arsavirs Karamjans. Disertacijas ttmabija saistita ar magnétiska beta
spektrometra  “ apelsing’ radisanu. Ar spektrometru paredzeja petit kodolu energétiskos
stavoklus, mérot gamma-starojuma radito fotoelektronu un ieks¢jas konversijas elektronu
energetiskos sadaijumus. 1956.gada disertacija tika pabeigta, bet tas aizstavesana
aizkavgjas Iidz 1957. gadam, jo dajas speka nolikums, ka disertacijas rezultatiem jabat
publicetiem. Atgriezies Fl jaunais zinatnu kandidats, kodolfizikas specialists saka aktivu
darbibu kodolfizikas attistiba FI un Latvija vispar. Jau 1958. gada vin$ saka konstrugt
magnetisko beta — spektrografu ar pastavigo magnétisko lauku konversijas elektronu
spektru merijumiem, izmantojot radioaktivos izotopus.

1958.g. LZA saka planot lielu zinatnisko objektu celtniecibu laika 1958-1965.
P.Prokofjevs, iepazinies Maskava Atomenergijas institata ar pétniecisko reaktoru IRT-
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1000, Kluva par aktivu reaktora celtniecibas piekritéju un parliecinaja LZA Prezidiju planot
kodolreaktora celtniecibu ta izmantosanal LZA ingtitiitos un citas republikas iestades. Jau 1.
marta Latvijas Vadiba lidz PSRS vadibu atlaut bavet Latvija petniecisko reaktoru IRT.
Aprilt [émumu par reaktora celtniecibu piepéma PSRS Valdiba un 4. julija Latvijas PSR
Ministru Padome. 14. julija LZA Prezidijs nolema Fizikas institita radit reaktora
laboratoriju P.Prokofjeva vadiba, kuras uzdevums bija reaktora celtniecibas koordingsana,
kadru sagatavosanas organizacija un zinatnisko pétijumu sagatavosana. Sakuma Prokofjevs
vadija ka reaktora celtniecibu ta ari zinatnisko pétijjumu sagatavosanu. Pieaugot darbu
apjomam, lietderigaki bija sos darbus atdalit. Reaktora celtniecibu, ta montazu un vélak
ekspluataciju veicaspeciali gpmacitu inzenieru kol ektivs.

1959.g. laboratorija saka stradat pirmie LVU sagatavotie kodolfiziki Janis Berzins un
Martins Baodis ( velakie fizikas hab. doktori). Velak saka stradat V.Bondarenko,
N.Kramere, L.Simonova, M.Beitins ,J.Tambergs u.c., kas kodolfizika veltijja desmitiem
miiza gadus.

P.Prokofjeva vadiba tika realizeti vairaki lieli eksperimentalas kodolfizikas projekti. Pec
resktora palaisanas 1961. gada 4. horizontala eksperimentala kanala izeja tika uzstadits
laboratorija izgatavotais modernizétais magnetiskais beta  spektrografs. Spektrografa
izgatavosana un ta modernizésana seviski lieli nopelni bija Martinam Balodim. lekartas
tehniskie parametri bija uz loti augsta limena un iegatie eksperimentalie rezultati atri guva
atzinibu lielakos kodolfizikas centros. Sakas sekmiga, ilggadiga sadarbiba ar VDR
Rossendorfas centralo kodolpétniecibas instititu , Minhenes Tehnisko Universitati,
Francijas Grenobles starptautisko centru, Dubnas AKPC u.c. Kodolspektroskopija
izmantoja 2 kodolreaktora eksperimentalos kanalus: HEK-4. (pieskares) ar diametru 15 cm
konversijas elektronu spektru merisanai no gamma-starojuma, kas rodas atomu kodolam
sakerot “siltuma’ neitronus reakcija (n,g). Radialais kanals HEK- 3 ar diametru 10 cm tika
iekartots atro neitronu neelastigas izkliedes ar atomu kodoliem t.i. reakcijas
(n,n"g) pétisanai. Reaktora rekonstrukcijas laika pieskares kanalu pagarinaja , tadejadi
samazinot aktivas zonas radito gamma-fonu. Astondesmitos gados bija ideja kanala radit ,,
auksto” neitronu avotu, neitronu plasmu dzesgjot ar $kidro adegradi. So ideju neizdevas
realizet tehnisku un drosibas tehnikas ierobezojumu dg].

Daudz gritaks projekts bija kopa ar Leningradas kodolfizikas institiitu planotais kopigais
darbs par neitronu mazo lenku izkliedes iekartas radisanu, izmantojot reaktora IRT
eksperimentalo radialo kanalu HEK-2, materialu un biologisko objektu pétisanai.

lekartas radisana piedalijas LKFI parstavji un no Fl fiziku un tehniku grupa Jana Bérzina
vadiba. Astondesmito gadu beigas iekarta bija gatava. Ar 2 spraugu kolimatoru un 2
neitronu spoguliem ieguva 2 neitronu kanalus ar neitronu vilnu garumiem 0,27 nm un 0,48
nm a abilstosam neitronu plismas intensitatsm 1,5.10° n/s un 8.10° n/s. Neitronus
registréja ar 11 un 30 skaititajiem, veicot impulsu apstradi daudzkanalu analizatoros un
ESM. Neitronu kanalu garums sasniedza 25 metrus. Lai samazinatu starojuma fonu un
palielinatu izskirsanas speju, neitronus registreja arpus reaktora fizikalas zales speciali
uzcelta piebave.

Laika posma no 1967. Lidz 1998. gadam kopuma tika iegita plasa informacija par vairak
ka 60 izotopu kodoliem, galvenokart reto zemju apgabaa ( 150 < A < 190). Siem kodoliem
tikaiegitas ierosinato limenu shémas, kas pamatotas ar kodolu modeliem.

1971. gada P.Prokofjevs kluva par fizikas un matematikas zinatpu doktoru, aizstavot
disertaciju pat atomu kodolu energétisko ITmenu pétijjumiem. 1972.g. par petijumiem
kodolfizika vinam pieskirta LPSR Valsts préemija. 1978. gada vins ievelets par LZA
korespondetajlocekli, bet 1992.9. par isteno locekli. 1982. g. vin$ ieguva profesora
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nosaukumu. P.Prokofjeva vadiba sagatavoti 8 zinatnu doktori, 5 vina skolnieki kluvusi par
habilitetiem zinatpu doktoriem ( A.Afanasevs, M.Bdodis, J.Bérzins, V.Bondarenko,
J.Tambergs).

Daudz laika un energijas Prokofjevs veltija jauno kodolfizikas specialistu sagatavosana. No
1959. lidz 1967. gadam vins lasija speckursus kodolfizika Latvijas Universitate un
Daugavpils Pedagogiska institita. Vipa aspirante Galina Rezvaja péc disertacijas
aizstavesanas gatavoja kodolfizikas specialistus LV U Fizikas un matematikas fakultate.
P.Prokofjeva darbu rezultati kopa ar lidzautoriem izklastiti 3 monografijas, 110 zurnalu
rakstos un ap 230 konferencu tezes.

Skatoties Petera Prokofjeva panakumu sarakstu liekas, ka vina radosais cels nav bijis grits,
lai gan arT ne rozem kaisits. Valsts varas iestadém nav bijis iemesla biitiskiem iebildumiem
pret Prokofjeva uzskatiem, vina biografiju. Tomer vina panakumus noteica tikai pasa
Prokofjeva fanatiska uzticiba kodolfizikai, reaktora darbiba un ta izmantosanal, vinalielas
darba spgjas un neatlaidiba nosprausta mérka sasniegsanai. Vins neprata atslabinaties ar
makskeresanu, medibam, kolekciongsanu, sporta nodarbibam un tml. Vina bezkompromisa
piegja traucgja lietiskam parrunam. Pieméram, Fl va Prezidija izteiktas domas par to, ka
reaktoram paredzetie stati novirziti magnetohidrodinamikas problema un tos jaatdod
kodolfizikai, vai reaktora atdalisanu no Fl par patstavigu kodolfizikas institiitu, vai pat ta
izdalisanu no LZA, parveidojot par kada PSRS iestadesfiliali reti guva atsaucibu.

Pec Cernobilas AES avarijas Padomju Savieniba stipri pieauga prasibas kodoliekartu
drosibai. Ta skaita a1 pétniecisko reaktoru ekspluatacijas drosibai. Salaspils reaktoru
apmeklgja visadas komisijas, kas aizvien atrada ko vaadzetu uzlabot. Trikumu noveérsana
vajadzgja gan finanses, gan specialistu konstruktoru un stradnieku darbu. Reaktora
darbinasana bija apgritinata, savlaicigi neizpildot daudzas ligumsaistibas, pietriika planotie
naudas lidzekli. Reaktora darbiba kluva traucgklis citu Fl zinatnisko virzienu attistibai un
sagadajaraizes art LZA Prezidijam. Radas ideja Reaktoru ar vairakam laboratorijam nodot
Maskavas tiesa paklautiba ka PS Videjas masinbuves ministrijas institata filiali, kuru
finansialas un materialas iespgjas bija nesalidzinami lielakas ka LZA. P.Prokofjeva ar IRT
vadibu sagatavotais projekts par reaktora nodosanu LZA Prezidents sakuma atbalstija, bet
Prezidijs 12.6.88 std¢ radija komisiju ak. Krogera vadiba, lai analizetu tris reaktora liktena
variantus: nodot Maskavai, atstat pie LZA Fl vai pilnigi slegt.1989.g. februara sede LZA
Prezidijs nolema atstat reaktoru Fl sastava, jo papildus nosacijumi par iebraucgju-
specialistu nodrosinasanu ar dzivokliem utt. 1989.gada nebija pienemami ne LZA ne
republikas vadibal. Reaktora slegsanas variants nebija sagatavots — ko nozimé slégt, ka to
darit, vai to darit?. Neatbastija ai P.Prokofjeva ierosmi radit patstavigu LZA
Kodolpétniecibas ingtitatu. Jaatceras, ka 1989.g. jau eksistéja Latvijas Tautas Fronte,
Latvijas Zinatnieku Savieniba, bija pienemts Iémums necelt Daugavpils HES, pretestiba
Rigas Metro celtniecibai. Art Maskava VMBM saprata, ka Latvijair parak nestabilafiliales
organizésana.

Reaktors patstavibu ka LZA kodolpétniecibas centrs (KPC) ieguvatika 1992.g. Fl jaunais
direktors Imants Bérsons, reaktora vadiba un LZA Prezidijs secinaja ka finansesanas un
tehniskas gritibas bis vieglak parvarét atseviski. Par jauno KPC direktoru 1992.9. maija
ievelgja Antonu Lapenasu, par zinatnisko sekretaru Jani Berzipu un par Zinatniskas
Padomes priekssedetaju Peteri Prokofjevu.

Cernobilas AES avarijas seku likvidesana, tas cglonu izskaidrogana bija sai laika art viens
no galveniem Latvijas kodolfiziku uzdevumiem. Prokofjevs organizéja gpkartejas vides
radioaktivo piesarpojumu monitoringu un eksporta produkcijas parbaudi . Péc Latvijas
neatkaribas iegiusanas, kad zinatnes finansésana strauji samazinajas, Prokofjevs daudz palu
pielika lai kodolfizikas virziens neizniktu, la reaktors turpinatu darbu. Viens no
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galvengiem uzdevumiem bija organizet farmpreparatu (tehnécijs-99m) razosana republikas
dimnicu vajadzibam. Jau 1992.9. P.Stradina slimnica un Onkologiskais centrs sapéma
pirmas radioaktiva tehnécija devas. Radiofarmpreparatu razosanu specials dienests (vad.
JManacs) veicalidz pat reaktora apstadinasanai.

La pdielinatu reaktora ienakumus Prokofjevs 1993.9., izmantojot pieskares kanalu,
organizgjasilicijaleggsanu, apstarojot ar neitroniem, Cehijas firmai ( A.Mierins, A.Popelis)
Neizdevas realizet ideju par neitronu terapijas izmantosanu onkologija — pietrika atbalsta
un iespejas un reaktoraliktenis jau bijanolemts ar Latvijas MK 1995.g. 16.maija lémumu.
Par zinatniskiem sasniegumiem P.Prokofjevs vairakkart sapemis LZA Prezidija premijas
(1983, 1991), F.Candera premiju (1996). No 1983-89.g. vins bija FI direktora vietnieks —
atomreaktora prieksnieks, par kodolreakciju laboratorijas vaditaju vins bija no laboratorijas
dibinasanas 1959.g I1dz 1997.9. 1996.9. P.Prokofjevs kluva par Va sts emeritéto zinatnieku,
bet vél aktivi turpinaja zinatnisko darbibu 1idz aizgaja aizsaule. Pedgjais lielakais darbs bija
P.Prokofjeva 2000. gada izdota biobibliografija. Vins to uzskatija par skaistu noslégumu un
davanu saviem mazberniem llzei, Zanei un Andrim.

1. Latvijas Zinatnu akademijas akademikis Peteris Prokofjevs, Riga, 2000.
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NACIONAL A DAUDZFUNKCIONALA CIKLOTRONA
CENTRA IZVEIDOSANA LATVIJA

J. Bérzins§
Latvijas Universitates Cietvielu fizikas institits

Ar Starptautiskas atomenergijas komitejas atbalstu Latvija ir paredzéts izveidot
nacionalo daudzfunkcionalo ciklotrona centru. Ciklotronu C30 planots izvietot Salaspili,
bijusa kodolreaktorateritorija. Ciklotronadarbibas uzsaksana planota 2008. gada.
Ciklotrons C-30 ir ladetu dalinu paatrinatajs, ko var izmatot radioaktivo izotopu
razosana, dazadu starojuma veidu ietekmes uz materialiem un procesiem pétisanai
zinatniskiem merkiem, ka ari tehnologiskiem mérkiem — materialu gpstradel ar dazada
veida starojumu.

Ciklotronam paredzeti 4 starojuma izvadkanali, no kuriem vienlaicigi var darboties divi.
Izvadamas starojuma plasmas ir sekojosas. ladetas dalinas — protoni ar energiju lidz 30
MeV, kas athilst 2.10" dalinam sekundzg un kila stravu lidz 350 pA, deitroni ar energiju
Iidz 15 MeV.

Ciklotronu paredzéts izmantot radiofarmpreparatu razosanai medicinai - isi dzivojosie,
pozitronus starojosie izotopi (°F, C, N, O u.c.) pozitronu emisijas tomografijas
(PET) diagnostikas metodei un ilgi dzivojasie izotopi (*’Ga, ?'TI, '3, *YIn u.c.) SPECT
diagnostikas metodel .

Tiek apspriesta ciklotronaizmantosana fundamentaliem un lietiskiem pétijjumiem.

NATIONAL MULTIPUPOSE CYCLOTRON CENTERIN LATVIA

J. Bérzins§
Institute of Solid State Physics, University of Latvia

The project objectiveis to establish a Multipurpose national cyclotron facility in Latvia
with the help of IAEA. The cyclotron C30 will be installed in Saaspils in teritory of
shutdown nuclear reactor and its operating start is forseen on 2008.

The cyclotron C30 as charged particle accelerator can be used for production of
radioactive isotopes, scientific researches, testing of materials and technologica
purposes.

The cyclotron has 4 beams and produce protons with the energy 30 MeV or deutrons
with the energy 15 MeV. The proton beam curent is 350 pA, which corresponds 2.10"
particles/s.

In terms of medical applications, the cyclotron will be used for production of short-lived
positron emitting **F, 'C, *N, O for positron emission tomography (PET) as well as
SPECT radioisotopes *Ga, ?°'TI, *In and their corresponding radiopharmaceuticals for
medical diagnostic applications.

The gpplication of cyclotron for basic and applied research will be discussed.

69



PAPLASINATI *r KODOLA STRUKTURASPETIJUMI,
IZMANTOJOT (ny), (n,e), (d,p), un (d,a) REAK CIJU DATUS

M .Balodis, J.Bérzin§
Latvijas Universitates Cietvielu fizikas institits

Kodols *Ir tiek patits ar (n,y), (n,e), (d,p) un (d,a) reskciju spektru palidzibu.
lerosinato limepu shéma ir izstradata lidz 740 keV ierosinasanas energijai. Taja ielet
apmeram 70 ierosnatie limeni. Limenu spinu vertibas ir no O lidz 5, pie kam negativas
paribas Iimenu ir a@omeram trisreiz vairak neka pozitivas paribas [imenu. Tas saidtas ar
protonu (3/2°[402], 1/2'[400], 11/2505]) un neitronu (1/2510], 3/2512], 11/2'[615])
orbitam, kuras atbilst zemakgam ierosnasanas energijam pie nuklonu skaita Z=77,
N=117, nemot véra zinamos kaiminu kodolu eksperimentalos datus. Dala no ***Ir zemo
energiju limeniem ir sakartoti 12 rotacijasjoslas.

ENLARGED STUDY OF THE *®1r NUCLEAR STRUCTURE,
USING THE (n,y), (n,e), (d,p), AND (d,a) REACTION DATA

M .Balodis, J.Bérzin§
Institute of Solid State Physics, University of Latvia

The *Ir nucleus is studied using the spectra of the (n,y), (n,e), (d,p), and (d,a)
reactions. Level scheme is developed up to an excitation energy of 740 keV. It contains
about 70 excited levels. There are spin values from 0 to 5, and a number of negative
parity levels is about 3 times larger than that of positive parity levels. This fact is due to
proton (3/2'7402], 1/2°[400], 11/27[505]) and neutron (1/2510], 3/2[512], 11/2'[615])
orbits, which are expected to have the lowest energies for nucleon numbers Z=77,
N=117, with regard to the known experimental data from the neighbouring nuclei..
Partially, the low-lying levels of **Ir are grouped into 12 rotational bands.
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ATOMKODOLU FAZU PAREJU PETIJUM| BOZONU
MIJIEDARBIBASMODELI

A.Andregjevs, J. Tambergs
Latvijas Universitates Cietvielu Fizikas Institizta Radiacijas fizikas laboratorija

Bozonu mijiedarbibas modeli (IBM-1) raksturo vairakas simetrijas grupas — U(5), SU(3),
SU(3)”, O(6), kuras 51 modela robezgadijumos atbilst notelktai kodola formai (sferiskal,
saspiesti un izstiepti aksiali smetriskai deformétal, triaksialal). Veicot IBM-1 paplasinata
Kastena trijstira varianta klasiska energijas funkcionala E(N, n, x; B) precizu andizi pec
fazu pareju teorijas, tika petiti nosacijumi uz modela parametriem kodolu formas
izmainam un dazadu formu koeksistencel.

STUDIESOF PHASE TRANSITIONSIN THE FRAMEWORK OF
INTERACTING BOSON MODEL

A.Andregjevs, J. Tambergs
Radiation Physics Laboratory, Institute of Solid State Physics, University of Latvia

The interacting boson model (IBM-1) is characterized by severa groups of symmetry —
U(5), SU(3), SU(I3)”, O(6), corresponding in the limiting cases of this model to the
definite nuclear shape (spherical, prolate and oblate axialy symmetric deformed,
triaxial). The precise anaysis of the extended Casten triangle version of IBM-1 for the
classical energy functional E(N, n, x; B) has been performed according to the phase
transition theory, and the conditions on model parameters for the transitions between
nuclear shgpes and for the coexistence between shapes has been studied.
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GAMMA SPEKTROMETRISKO METOZU PIELIETOJUMSLOKALA
AUGSNES PIESARNOJUMA NOVERTESANA

D.Riekstina, J.Berzins, O.Véveris
Latvijas Universitates Cietvielu institits

Radioaktivo apkartejas augsnes piesarnojumu var kongtatét ar radiometriem, bet $ga
gadijuma nevar iegut informaciju par piesarnojosiem radionuklidiem. To ir svarigi zinat
atsevisko radionuklidu atskiriga toksiskuma del. Nevar a7 veikt petijumus par atsevisku
maksligo radionuklidu migracijas procesu augsng, to koncentracijam dazada dziluma. Sos
uzdevumus sekmigi lauj risinat tikai gamma spektrometriskas metodes pielietojums.
Darba andizétas un pétitas augsnes no teritorijam, kuras agrakos gados veikti darbi ar
radonu un kuru tuvakas gpkartnes augsne varétu but piesarnota ar ilgdzivojosiem radija
Ra-226 sabruksanas produktiem. Petijumi veikti augséja 0-10 cm slani. Atseviskas vietas,
kur konstatéts piesarnojums, merjjumi tika velkti paraugiem Iidz pat 4 m dzilumam.
Visos paraugos konstatéti dabigie radionuklidi K-40, Th-232, U-238 ar saviem lidzsvara
esosiem sabruksanas produktiem Ra-226, Bi-214 un Pb-214, bet augséja dant a1 Cs-137
(globalais piesarnojums). Atskiribas Ra-226 un pargjo U-238 sabruksanas produktu
aktivitasu koncentracijas lauj spriest par piesarpojumu ar Ra-226. P&tijumos atseviskas
vietas Ra-226 koncentracija parsniedza dabiga fona Iimeni lidz 100 reizu, bet dziluma
konstatéts piesarnojums lidz 3 m. legutie dati dod iespeju izstradat pétitas teritorijas
rekultivacijas strategiju.

APPLIED OF GAMMA SPECTROMETRIC METHODSFOR ESTIMATION OF
LOCAL SOILSPOLLUTION

D.Riekstina, J.Berzins, O.Veveris
Institute of Solid State Physics, Latvian University

Detection of radioactive polluted soils is carried out by radiometers, but we can’'t get
information about individua radioactive pollutants. It's important to get such data
because radionuclides have different toxicity. It's unable to study migration of individual
radionuclides in soils, its concentration of various depths. Such goals to complete one's
mission are carried out using gamma spectrometric methods. We have analyzed soils
from territories where radon has been used in previous years and the surrounding areas
may be polluted with Ra-226 and its decay products. Samples were collected in upper
layer of soil (0-10 cm). In polluted places samples were collected even till 4m depth. In
al the samples natura radionuclides K-40, Th-232 U-238 in equilibrium with its decay
products Ra-226, Bi-214, Pb-214, but in upper layer Cs-137 (global pollution) were
establish. Difference concentration of radioactivity of Ra-226 and others decay products
of U-238 allow to make conclusion about pollution with Ra-226. In separate places
concentration of Ra-226 exceeded natural background 100 times, pollution has been
establish in the depth till 3 m. The obtain data gives possibility to work out strategy of
recovering the investigated territories.
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JET ELMU LAIKA RINDU ANALIZE

G. Zvenieksun V.N. Kuzovkovs
Latvijas Universitates Cietvidlu fizikas ingtitits

Nakamas paaudzes tokamakos (pieméram, ITER), lai sasniegtu planoto darbibas rezimu,
vél ir japarvar daudzas principialas problémas. Viens no gavengiem izaicinajumiem ir
plazmas maa lokaizéto modu (ELMu) kontrole, kurai janodrosina pietiekami ilgi
plazmas pulsi ka ar1 divertorakalposanas laiks.

Lai kontroletu ELMus Degeling [1] izteica hipotézi, ka ELMu rindam ir raksturiga
deterministiska haosa dinamika un tadgjadi var izmantot standarta haosa kontroles
metodes. Tomer masu petijumi, kuri balstas uz nelinearo auto regresivo (NAR) metodi, ir
pretruna ar So hipotézi JET ELMu laika rindam. Tas nozime, ka ELMu uzvedibai ir
relaksgjoss vai gadijuma raksturs un haosa kontroles metodes nav pielietojamas. Sie
secinajumi sakrit ar masu ieprieksgjiem rezultatiem, kas ieguti ASDEX Upgrade
tokamaka laikarindam [2].

[1] A.W. Degeling, Y.R. Martin, P.E. Bak, J. B.Lister, and X. Llobet, Plasma Phys.
Control. Fusion 43, 1671 (2001).

[2] G. Zvenieks, V.N. Kuzovkov, O. Dumbrajs, A.W. Degeling, W. Suttrop, H. Urano,
and H. Zohm, Physics of Plasmas 11, 5658 (2004).

ANALYSISOF JET ELMY TIME SERIES

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

Achievement of the planned operational regime in the next generation tokamaks (such as
ITER) still faces principa problems. One of the main challenges is obtaining the control
of edge localized modes (ELMs), which should lead to both long plasma pulse times and
reasonable divertor life time.

In order to control ELMs the hypothesis was proposed by Degeling [1] that ELMs exhibit
features of chaotic dynamics and thus a standard chaos control methods might be
applicable. However, our findings which are based on the nonlinear autoregressive
(NAR) model contradict this hypothesis for JET ELMy time-series. In turn, it means that
ELM behavior is of a relaxation or random type. These conclusions coincide with our
previous results obtained for ASDEX Upgrade time series [2].

[1] A.W. Degeling, Y.R. Martin, P.E. Bak, J. B.Lister, and X. Llobet, Plasma Phys.
Control. Fusion 43, 1671 (2001).

[2] G. Zvenieks, V.N. Kuzovkov, O. Dumbrajs, A.W. Degeling, W. Suttrop, H. Urano,
and H. Zohm, Physics of Plasmas 11, 5658 (2004).
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SKIDRA GALLIJA STRUKLA KA TOKAMAKA PLAZMASIEROBEZOTAJS:
IEKARTASIZVEIDE

O.Lielausis, E.Platacis, A.Klukins
Latvijas Universitates Fizikas institiits

Projektejamajas termokodola iekartas visvairak slogotas biis virsmas, kas tiesi verstas pret
plazmu. Tur slodzu blivums var sasniegt 1GW/m? , izsaucot nepielajami intensivus
termiskos spriegumus un eroziju. Tiek piedavati risinajumi, kad plazma nekontakte ar kadu
cietu materialu, bet gan ar kustiba esosu skidru metalu. Pienemts uzskatit, ka zema Z skaitla
de] vidabak ar plazmu bitu savietojams skidrs litijs. Dotgja petijjuma tiek izmantots daudz
praktiskakais galijs, kas raksturojas ar citu uzdevumam svarigu parametru - arkartigi zemu
piesatinato tvaiku spiedienu.

Tokamaka ISTTOK (Portugale, R=0,46m; &=0,085m; Br=0,45T; I, = 8kA) esoso metalisko
plazmas ierobezotaja paredzéts aizvietot ar skidra gallija striklu. Striklu veidojoso sprausiu
ar pastaviga spiediena trauku 1,3 m augstuma savieno % “ nerasgjosa terauda caurulite.
Gallija stritklas garuma precizai noteiksanai 0,7m augstuma izvietots plismas partraucgjs ar
elektrisku piedzinu. Spiedtrauka metals tiek pacelts ar e.m.sikni, veidota no pastavigiem
magnétiem. Viss kontars veidots ta, la skidrais metals biitu elektriski drosi izoléts ka no
vakuumatrauka sienam, ta no plazmas potenciala.

LIQUID GALLIUM JET ASALIMITERIN TOKAMAK:
DESIGN OF THE STAND

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

Plasma facing surfaces should be considered as the most loaded components of the proposed
fusion devices. Load densities (up to 1 GW/m® ) would result in unacceptably high levels of
thermal stresses and erosion. Solutions have been proposed when plasma is contacting not a
solid material but aliquid meta in permanent motion. Usually, because of its low Z-number,
lithium is considered as the most compatible with plasma. In the given research galium is
used - an essentially more convenient in practice material, outstanding by its low saturated
vapor pressure.

On tokamak ISTTOK (Portugal, R=0.46m; a=0.085m; B+ =0.45T; 1,=8 kA) it is proposed to
replace the existing metallic limiter by a liquid gallium jet. The jet forming nozzle is
connected with the constant pressure vessel ( at the level 1.3 m) by a %4” SS tube. For an
exact determination of the jets length on the level 0.7 m an electricaly controlled flow
interrupting valve is instaled. The meta is brought up into the pressure vessel by an em.
pump on permanent magnets. The loop is designed in such a way that the liquid meta
remains properly insulated both from the plasma vessel walls as well as from the plasma
potential.
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METALA JONU PETIJUMI KODOLU SINTEZESPLAZMA IZMANTOJOT
EMISIJAS SPEKTROSK OPIJU

. Tale
LU Cietvielu Fizikas Institits

Latvijas un Portugales Kodolu Sintézes Asociacijas attista plazmas saskares sistemu,
izmantojot skidra metala limiteru. Videja sintezes karstas plazmas jonu un elektronu
temperatiira saskapa ar Starptautiska Kodolsintézes Eksperimentala Reaktora (ITER)
projektu ir attiecigi 8,0 keV (9,3 x 10" °K) un 8,9 keV (1,04 x 10° °K). Plazmas jonu
temperatiira eksperimentala tokomaka ISSTOK ir ievérojami mazaka - ~10° °K.

Metala atomu jonizacijas pakape plazma ir atkariga no tas jonu temperatiras.
Atkariba no tas iztvaikojusa metala koncentracijas noteikSanal plazma lietderigi pielietot
divu veidu fluorescences spektroskopijas metodes. 1. Daudzkart jonizétu metala jonu
fluorescences spektroskopija, kuri ir lidzsvara koncentracija pie dotas plazmas
temperatiras. 2. Metalaatomu ladina apmainas spektroskopija.

Metala limitera koncepcijas parbaudel tokomaka ISSTOK izveidota iekarta ladina
apmainas spektroskopijai, kura nodrosina fluorescences intensitates noteiksanu uz
plazmas nepartraukta starojuma un izkliedetas gaismas fona, ka art vairaku spektralo
ITniju vienlaicigu merisanu dazados plazmas skélumos.

INVESTIGATION OF METAL IONSIN FUSION PLASMASUSING EMISSION
SPECTROSCOPY

. Tale
Institute of Solid State Physics University of Latvia

The Latvian and Portugal Associations are performing development of advanced

plasma — facing system using the liquid meta limiter. The objectives of this project
require study of the influence of the liquid metal limiter on the main plasma parameters,
including concentration of evaporated metal atomsin plasma.
The fusion plasmas are related to the dense hot plasmas. The required average ion
temperature according to the ITER project (International Thermonuclear Experimental
Reactor) is 8,0 keV (9,3 x 10’ °K), the average electron temperature — 8,9 keV (1,04 x 10°
°K). Plasma temperature operated in the research tokamak ISSTOK, involved in testing
of liquid metal limiter concept is considerably less, being of order of 10° °K .

The ionization degree of meta atoms considerably depends on the plasma ion
temperature. Density of metal vapours in plasma can be estimated using the following
two spectroscopic methods:

The fluorescence of the multiple ionised metal ions in steady state concentration;
The charge exchange emission during ionisation of evaporated metal ions.

In the first step of development of testing system of metal vapours the equipment
and instrumentation for charge exchange spectroscopy of Ga and In has been e aborated
taking into account the following features of plasma emission. The Ga emission lines
occur on the background high temperature plasma black body emission and stray light.
Radia distribution of Gain plasmain the facing plane of Ga flux is desirable.
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SVINA-LITIJA KONTURSKOROZIJAS PETISANAI MAGNETISKA LAUKA

| .Bucenieks, E.Platacis, A.Sisko
Latvijas Universitates Fizikas Institits

Latvijas Universitates Fizikas Institata izprojektets un izgatavots specifisks PbLi kontirs
lai veiktu ilgstosus eksperimentus (tris serijas pa 2000 stundam katra) un noveértétu magnétiska
lauka ietekmi uz teérauda EUROFER korozijas procesem PbLi sakausgjuma plisma.
Eksperimenti tiek veikti specialaja eksperimentalaja boksa kas paredzéts darbam ar skidriem
metaliem pie rdativi augstam temperatiram. Eksperimentalas iekartas galvenie parametri ir
sekojosier  darba temperatiira test-sekcija, kura ir izvietoti pgtamie paraugi, tiek uzturéta pie
550°C, PbLi sakausgjuma pliasmas vidgjais atrums tiek uzturéts 5 cm/s, magnétiska lauka
intensitate test-sekcija ir 1.7 Tedas.

Korozijas kontirs sastav no zemas temperatiras dalas (aptuveni 350°C) un augstas
temperatiras dalas (aptuveni 550°C) un ietver sevi $adus galvenos funkcionalos mezglus:
elektromagnetiskais indukcijas siknis (darbibas princips balstas uz rotgjosiem pastavigiem
magnétiem), elektromagnétiskais kondukcijas caurteces meritajs, siltummainis, izpleésanas baka,
korozijas produktu uztvergjs, PbLi sakausgjuma galvena tvertne, silditaji, eksperimentala test-
sekcija (ar nomainamiem pétamiem EOROFER térauda paraugiem) un elektromagnéts (starp kura
poliem ir izvietota test-sekcija ar paraugiem).

Eksperimentu sakuma stadija (kas ilga 100 stundas) tika parbaudita visu minéto mezglu
darbaspgja un iespegja regulét un uzturét vgjadzigos darba parametrus ilgstosas eksperimentu
serijas. Patreiz tiek pabeigta pirma 2000 stundu gara eksperimentala serija. Nakosa 2000 stundu
gara eksperimentala serija tiks sakta tiklidz bus izpetiti pirmas eksperimentalas sgrijas
korodgjosie paraugi un tiks novertéta magnéetiska lauka iedarbiba uz korozijas procesiem.

Pb-17Li LOOP FOR INVESTIGATION OF CORROSION IN MAGNETIC FIELD

| .Bucenieks, E.Platacis, A.Shishko
Institute of Physics of University of Latvia (IPUL),
Fax: (371)7901214; e-mail: imants@sal.lv

Specific Pb-17Li loop have been constructed and fabricated at IPUL for long run
experiments (three sessions each 2000 hours long) for assessment of magnetic field effects on
EROFER corrosion in Pb-17Li flow. Experiments in accordance will be carried out at IPUL
(Latvia, Salaspils) in special experimental box. Main parameters of the experimental facility are
following: operating temperature in the test section 550°C; velocity of Pb-17Li melt in test
section 5 cm/s; intensity of magnetic field 1.7 Teda.

The main components of experimental facility include following units: loop assembly
consisting of cold (operating temperature about 350°C) and hot parts (operating temperature
about 550°C); electromagnetic induction pump on permanent magnets, dectromagnetic
conductive flow meter; heat exchanger; cold trap; expansion tank; supply and storage container;
heaters; test section (with removable and rechargeable EUROFER sted test samples) and
electromagnet, between poles of which thetest section is located.

The first 100 hours long run tests session of facility have been carried out and
experimental results demonstrated reliable operability of all its components needed for adjusting
and keeping the parameters at following long run experiments. Now the first 2000 hours long
experimental session is finished. The next 2000 hours long experimental session will be started as
soon as corroded samples from first session will be investigated and the influence of magnetic
field on corrosion process will be evaluated.
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ELEKTROMAGNETISKO SUKNU SISTEMA ATSKALDITO NEITRONU IEKARTAS

S. Dementjevs, S. Ivanovs, E. Platacis, A.Ziks
Latvijas Universitates Fizikas institits

Radioaktivo atkritumu parveidosana ir perspektiva un visa pasaule izstradajama tehnologija
augsta limena radioaktivitates atkritumu parstradasanai, kuri rodas atomdektrostaciju darbibas
rezultata, lai mazinatu to daudzumu un dzives ilgumu. Plutonijs, sekundarie aktinidi un ilgstosi
sabrakosie produkti var tikt parstradati sistemas ar paatrinataju izmantosanu - ASD (Acceleration
Driven System). Galvenais mezgls ASD sistéma ir atskaldisanas merkis, kura izmanto smago skidro
metalu — svinu va svina bismuta sakausgjumu — ka materialu radioaktivai parstradasanai, ka art
vienlaicigi izmantojot to ka siltumnesgju. Skidra metala cirkulaciju atskaldisanas merkt janodrosina
elektromagnétisko saknu sistémai (EMPs), kurair viena no svarigakajam tas komponentem.

Elektromagnétisko saknu sistema (EMPs) izstradata, izgatavota un parbaudita Fizikas ingtitata
~MEGAPIE" projekta ietvaros. Sistémas gavenais uzdevums ir nodrosinat svina-bismuta
sakausgjuma cirkulaciju starp protona kila iegu merki un siltummaini. Tas darba resursam jabit ne
mazakam ka 10 000 stundas, pie tam seviski smagos darba apstaklos — augsta temperatira (310 - 400
°C), radiacija, magnétiskais lauks, mehaniskie spriegumi. Lai nodrosinatu §is prasibas, tika izstradata
speciala siknu aprekinu metode, optimizéti parametri un iekarta parbaudita uz speciala stenda.

Referatair izskatits:

1. EMPsprojekta koncepcija;

2. EMPsdektromagnétisko un termohidraulisko parametru aprekins;

3. EMPsipasa tehnologija;

4. EMPsgalveno parametru parbaude uz stenda un doti tas galvenie parametri.

ELECTROMAGNETIC PUMP SYSTEM FOR NEUTRON SPALLATION SOURCE

S.Dementjevs, S.Ivanovs, E.Platacis, A.Ziks
Institute of Physics University of Latvia

Transmutation is a promising and feasible technology world-wide for significantly reducing the
amount, and thereby, the long-term radiotoxicity of highly radioactive waste produced by the
operation of nudear power plants such as light water reactors. Plutonium, minor actinides and long-
lived fission products can be transmuted in an Accelerator Driven System (ADS). A key component of
an ADS is the spallation target which uses the heavy liquid metal lead (Pb) or lead-bismuth eutectic
(Pb-Bi) both as spallation material and as coolant. Such a heavy liquid metal (HLM) spallation target
has never been tested before. The objectives of the MEGAPIE-TEST Project are to develop, improve
and validate expertise, knowledge and experience about the design and the operation of a HLM
spallation target and to verify its feasibility under realistic operating conditions.

Electromagnetic Pumps System (EMPS) for MEGAPIE target was devedoped, built and tested

during recent two years in the frame of MEGAPIE-TEST Project (MEGAWatt Pilot Experiment —
TESTing).
The system maintains lead bismuth eutectic (LBE) flow between MEGAPIE target’s heat exchanger
and beam entrance window to ensure thermal power evacuation. Development of EMPS able to
operate under the target conditions during minimum 10.000 hours is not trivial task because operating
conditions of the EMPS (high temperature, irradiation, magnetic field, mechanical stresses) apply
strong restrictions on structural and active material.

Problem solving requires development of original procedure of the EMPS calculation for
optimization of design and technology as well as comprehensive testing of the system.

Following issues are considered in the presentation:

Procedure and basic results of the EMPS d ectrodynamics and thermohydraulic cal cul ation.
Conceptual design of the EMPS

Technological features of the system

Procedures and basic results of technological tests
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TRITIJA UZKRASANAS UN I ZDALISANASNO METALISKA BERILIJA
(EKSPERIMENTS,BERYLLIUM")

Gunta Kizane', Juris Tiliks', Aigars Vitins™?, Elina K olodinska®
! Latvijas Universitates Kimijas fakultates Cietvielu radiacijas kimijas laboratorija
Z Latvijas Universitates Cietvielu fizikas institiits

Berilija uzdevums nakotnes kodolsintezes reaktora blanketa zona ir neitronu pavairosana. Kodolreakciju
rezultata Be veidojas He un T, kuri uzkrajas gan metalisko graudu tilpuma, gan gazes mikropadisos uz
starpgraudu virsmas. T un He izdalisanas no Be loditem sakas tikal pie 800-900 K, pilniga izdali$anas
dzesssanas gazé (He) notiek tikal pie Be kusanas temperatiras (1557 K). Tada karta pie blanketa zonas
darba temperatiiras (900-1000 K) ievéerojams T un He daudzums uzkrasies Be mikrolodites, izsauks to
palielinasanos, radis radiacijas bistamibu gan nekontrolgjamas temperatiiras paaugstinasanas gadijuma, gan
uzglabajot izlietotos blanketa modulus. Dotgja darba novertéta speciga magnétiska lauka (ML) ietekme uz
T izdalisanos no Be loditem blanketa darba temperatiiras apgabaa. Eksperimentos tika izmantotas Be
lodites (A~2 mm), kuras bija gpstarotas 1994.9. BERYLLIUM eksperimenta HFR reaktora Pettena pie 790
K ar atrajiem neitroniem, fluence 1,0-1,24-10” n-m. Eksperimenta veiksanas bridi T saturs bija 8 appm
jeb 1 GBq-g™. Be lodites tika atdedzinatas gan linearas izvérses (=5 K-min™), gan izotermiskgja resima
(1023-1123 K), gan bez, gan ar ML (2,35 T). lzdditais T tika merits ar gazu caurpludes skaititaju TMH 2,
aizturgtais — pec lodites izskidinasanas akceptoru skiduma kingtiskaja rezima. Galvenie rezultati: T
lokalizacijas forma Be lodités ir T° un T,, ladéto formu saturs (T* va T°) neparsniedz 3-5%, un to
neietekmeé ML klatbatne atdedzinasanas procesa. Ap 80% T lokalizéti lodites centralagja dala (50% no /).
Atdedzinasana ML neietekmé T sadalfjumu lodite. Atdedzinot Be loditi [idz 1123 K bez ML, izdaas
(15+£3)% T, bet, atdedzinot ML 2,35 T, — tikai (8+3)%. lespgjama ML aizture varétu bit saistita ar atomara
T dimerizaciju.

TRITIUM RETENTION AND RELEASE FROM BERYLLIUM METAL
(THE BERYLLIUM EXPERIMENT)

Gunta Kizane', Juris Tiliks', Aigars Vitins™?, Elina K olodinska®
! Laboratory of Solid State Radiation Chemistry, University of Latvia
?Institute of Solid Sate Physics, University of Latvia

The beryllium function in the blanket zone of a fusion reactor in future is neutron multiplication. He and T
form in Be as a result of nuclear reactions. He and T accumulate both in the metal grain volume and into
gas bubbles on grain boundaries. T and He reease from Be pebbles starts only at 800-900 K, the release
into the cooling gas (He) completes only at the Be melting point (1557 K). Therefore, a consderable T and
He accumulation will take place in the Be pebbles at the operating temperature (900-1000 K) of the blanket
zone. The T and He accumulaion causes swelling of the Be pebbles, the radiation hazard both at
uncontrolled increase of temperature and at keeping of used up blanket modules. In this study, an effect of
intense magnetic field (MF) on the T release from the Be pebbles in a range of the blanket operating
temperatures was evauated. The Be pebbles (A£<2 mm) irradiated at 790 K by fast neutrons, the fluence
1.0-1.24-10® n-m’?, in 1994 in the BERYLLIUM experiment in HFR in Petten. The T content of the Be
pebbles was 8 appm (1 GBg-g™) in our experiments. Be pebbles were annealed both at a constant rate of
temperature (B=5 K-min) and at a constant temperature (1023-1123 K) both without and in MF 2.35 T.
Therdeased T was measured by means of a gas-flow counter TMH 2, the retained T — after the dissolution
of the pebble in solution of scavengers in the kinetic regime. The main results T in the Be pebbles is
localised as T° and T, the abundance ratio of the charged forms T* or T~ does not exceed 3-5% and is not
affected by ML at the annealing. About 80% of T are localised in an inner part of the pebble (50% of A&).
The annealing in MF does not affect the T distribution in the pebble. Anneding the Be pebble to 1123 K
without MF, (15£3)% T release, but in MF — only (8+3)%. The delaying MF effect could be related to
dimerization of atomic T.

78



TRITIJA ATRAZOSANAS PROBLEMASKODOL TERMISKAJASIEKARTAS

Juris Tiliks', Gunta Kizane', Aigars Vitin$™?, Juris Tiliksjun.!
! Latvijas Universitates Kimijas fakultates Cietvielu radiacijas kimijas laboratorija
? Latvijas Universitates Cietvielu fizikas institits

Tritija (T) pasatrazosana Klas aktuala tikai DEMO un PROTO tipa kodolsintézes reaktoros ap
2030.9., jo ITER reaktors dradas ar pievesto tritiju. Pasreiz EFDA programmu ietvaros ir
izstradati dazadi blanketa moduli gan $kidra metala (HCLL), gan cieto keramisko materialu
(HCPB) izmantosanai tritija atrazosana, kurus paredzets parbaudit ITER apstaklos. Kaut art sie
moduli tiek testéti lielu neitronu plismu kodoldalisanas reaktoros (piemeram, HFR), apstak]os,
kas lidzigi kodolsintézes reaktoru darba apstakliem, tomer viena parametra — speciga magnéetiska
lauka (ML) ietekmi uz T atrazosanu tur nevar parbaudit. Realos apstaklos ML intensitate blanketa
sashiegs 6-10 T, un Iidz $im tehnika nav pieméru vienlaicigai augstu temperatiru (Iidz 900 °C),
intensiva neitronu starojuma (Iidz 10™ n-m®.s™) un $adas intensitates ML iedarbibai. ML ietekme
uz T atrazosanu izpauzas padiprinata litijsaturoso keramisko materialu radiolizg, tritija aizture
keramisko graudu tilpuma, tritija izdalisanas samazinasana no berilija loditém, savstarpgjas
korozijas veicinasana starp keramiskajam mikroloditém un konstrukciju metalu. Lidz $im nav
pétita ML ietekme uz T hemodesorcijas un izotopu apmainas reakciju kingtiku uz keramisko
mikrolodisu virsmas, T difaziju caur metalu vai ta aizsargslani, T sorbciju un desorbciju dazados
materialos, seviski pirmas sienas un divertora materialos. Darba analizéti jau eksperimentali
noverotie ML ietekmes efekti uz T atrazosanu blanketa, ka arf novertéta ML iespgjama ietekme
uz citiem materialiem un fizikali-kimiskiem procesiem blanketa.

PROBLEMSOF TRITIUM BREEDING IN FUSION FACILITIES

Juris Tiliks', Gunta Kizane', Aigars Vitin§"?, Juris Tiliksjr.!
! Laboratory of Solid Sate Radiation Chemistry, University of Latvia
2 Institute of Solid State Physics, University of Latvia

Tritium (T) breeding will become topical only in fusion reactors of the DEMO and PROTO kinds
in about 2030 because the ITER reactor will operate with supplied tritium. At present, different
kinds of blanket modules bath for liquid metal (HCLL) and ceramic (HCPB) breeders have been
developed in the frame of EFDA programmes. It is envisaged to test the blanket modules under
the ITER conditions. Though the blanket modules are tested in high neutron flux fission reactors
(e.0. HFR) under the conditions that are similar to the operating conditions of fusion reactors, the
effect of one parameter — an intense magnetic field (MF) on the tritium breeding cannot be tested
there. Under the real operating conditions, the MF intensity will be 6-10 T. Up to now in technics,
there has not been any example of the smultaneous action of high temperatures (up to 900 °C),
an intense neutron radiation (up to 10 n-m?.s™) and the MF of 6-10 T. MF effects on the tritium
breeding become apparent as facilitated radiolysis of lithium-containing ceramics, tritium
detention in the volume of ceramic grains, decrease in the tritium release from beryllium pebbles,
facilitation of the mutual corrosion between ceramic pebbles and structural metal. MF effects on
the kinetics of T chemidesorption and isotopic exchange reactions on the surface of ceramic
pebbles, the T diffusion through metal or its protective layer, T sorption or desorption in various
materials, particularly in the materials of the first wall and divertor, have not been studied up to
now. The MF effects on the tritium breeding in the blanket that have been already observed
experimentally are analysed in this study. The possible MF effects on other materials and
physicochemical processes in the blanket are evaluated.
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BEZSVINA LODESANASKVALITATESLABORATORIJA, TAS
PASREIZEJASIESPEJASUN VAJADZIBAS

E. Pentjuss, G. Bajars, A. Vitins, A. Liisis
Latvijas Universitates Cietvielu fizkas institits

Ar EC WEEE direktivu, kura paredz ar 2006. g. juliju lietot elektronika bezsvina
lodesanu, ka art ar Japanas vélmi to darit jau atrak, bez svinalodésana paliek aktualavisa
pasaule. Lai palidzetu vietejiem maziem un vidéjiem uzpémumiem izmainit tehnologiju,
ka a1 risinat ar to saistitas problémas, 6.IP projekts ,, GreenRoSE” paredz izveidot bez
svina lodesanas kvalitates laboratoriju. Nemot véra ar to saistitos lielos izdevumus,
|aboratorija tiek dalita starp Varsavas Tele un Radio pétniecisko instititu (Polija, bazes
laboratorija) un Latvijas Universitates Cietvielu fizikas ingtitiitu, izmantojot abu institiitu
un, varbit, art citu organizaciju gparatiiru. Parejas laika posma uz bez svina tehnologijam
|aboratorijai paredzéts atbalsts no ES (projekta ,,GreenRoSE” ietvaros). Tas darbibu
talaka nakotné varétu noteikt praktiska vgadziba péc sadas l|aboratorijas.
Nepieciesamibas gadijuma ta varétu Klat par nozares laboratorijul.

Pasreiz galvenais merkis ir apzinaties risinamos uzdevumus un nepieciesamas
aparatiiras piegjamibu, standartu izvéli un macities. Procesa paredzéts informativais un
apmacibas atbalsts no ES sadarbibas partneriem.

LEAD-FREE SOLDERING QUALITY LABORATORY-CURRENT RESOURCES
AND REQUIREMENTS

E. Pentjuss, G.Bajars, A. Vitips , A. Lasis
Institute of Solid State Physics, University of Latvia

With EC WEEE directive now mandating a phase out of lead in eectronics
soldering by July 2006 and Japan’s efforts to do the same even sooner, lead-free is
rapidly taking on momentum around the world. In order to help the loca small and
medium enterprises to change the technologies and solve associated problems, In FP6
project “GreenRoSE” foreseen to set up soldering quality laboratory. To take into
consideration the great expenses, at the beginning the laboratory will be located in Tele
and Radio Research institute (ITR, Poland) and Institute of Solid State Physics
(ISSP,Latvia) using equipment of both ingtitutes and may be equipment of other
organizations. During transition time to lead- free soldering there is supported by project
“GreenRoSE”. In the later time the laboratory activities depend on needs of industry such
services. If it will be necessary, the laboratory may be becomes as branch laboratory.

Now the main aim is to be aware the solving tasks, available equipment, the
choosing of standards and learning. In process there is envisaged an informative and
training support from ES partners.
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BEZSVINA LODESANASKVALITATESPROBLEMASEL EKTRONIKA

A Lusis, G.Bajars, E.Pentjuss, A.Vitin$
Latvijas Universitates Cietvielu fizikas institits

Pedgjos gados Eiropa ir augus interese par bezsvina lodesanu, ko nosaka likumdosana,
kas ieverojami ierobezo svina lietosanu elektronika no 2006.gada jilija. Tomer bezsvina
sakaussjumu (SnAgCu, SnCuNi, SnCu) kusanas temperatiiras ir 30-40°C augstakas neka
tradicionalgai  Sn63Pb37 eitektikal (Tyx~183°C). Ari bezsvina lodesanas pastu
parkausesanas maksimumu temperatiiras pieaug par 30-40°C, kas daudzus tradicionalos
materialus, komponentus, tehnologiskos procesus un iekartas padara neizmantojamus
bezsvina elektronika. Jaunu materialu izmantosana un augstakas kusanas temperatiiras
rada dazadas lodéjumu kvalitates un drosibas problémas. Viena no tam ir virsmas
dapinasana. Bezsvina sakausgjumiem ir ievérojami augstaks virsmas spraigums neka
SnPb, tadel virsmas slapinasanair ievérojami lenaka. Kritiska problema, ipasi lodésana ar
vilni, ir lielakas temperatiiras izmainu amplitidas izraisita elektriski vadoso celinu
pacelsanas un atrausanas no pamata plates. Papildus probléma ir bezsvina lodésanas
materialu augstaka cena. Tiras avas lietosana, kas ir ekonomiska alternativa SnPb
sakaussjumam, biezi rada defektus elektronika Sn adatu augsanas dél. Lidz ar to ir
japilnveido lodéjumu kvalitates un drosibas metodes, izstradajot jaunus standarta
kriterijus gan vizualai un rentgenstaru kontrolei, gan bezsvinalodejumu drosibas testiem.

LEAD FREE SOLDERING QUALITY PROBLEMSIN ELECTRONICS

A Lusis, G.Bajars, E.Pentjuss, A.Vitin$
Institute of Solid State Physics, University of Latvia

There isagrowing interest in lead-free soldering in Europe mainly driven by forthcoming
legidlation banning the use of lead solders in electronics by July 2006. Currently the most
favoured alloys (SnAgCu, SnCuNi, SnCu) to replace tin/lead solders all have 30-40°C
higher melting temperature than the traditiona Sn63Pb37 eutectic aloy. Therefore in
genera lead-free solder pastes recommend a peak temperature range 30-40°C higher as
compared to Sn/Pb solder. Due to the higher reflow peak temperature the use of some
materials, components, technologica processes and equipment may not be feasible for
Pb-free assembly. The use of new materials and higher reflow temperatures in Po-free
soldering processes causes various problems on solder joint quality and reliability. One of
them is wetting behaviour. The surface tension of the lead free aloys is significantly
higher than Sn/Pb therefore they wet more slowly than Sn/Pb aloys at any temperature.
Critical problems, especialy in the case of wave soldering, are associated with fillet
lifting due to the larger temperature change during the process. Additiona problem isthe
higher cost of |ead-free soldering materials. The use of pure tin finishes as an economical
lead-free plating option has the threat of failure due to tin whiskering. Methods for solder
joint quality control should be modified including standard criteria formulation for visud
and X-ray inspection methods as well asreliability tests should be improved.
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SENSORU ATJAUNOSANAS LAIKA SAMAZINASANAS |ESPEJU PETIJUMI

Jiulija Hodakovska, JanisKleperis
Latvijas Universitates Cietvielu fizikas institits

Veidojot gazu sensorus, tie parasti tiek ieceréti ka optimalas ierices individualu gazu
registrésanai, bet parasti ir virkne problemu, kuras neizdodas atrisinat konkrétaja ierice. Tas
attiecas arT Uz sensora atsauces kingtiskajiem parametriem — signala uzaugsanas laiku, aktivajai
gazel paradoties, un signala dzisanas laiku, aktivajai gazel pazidot. Sensora atsauces kingtiskos
parametrus ietekmé dazadi faktori, ka, pieméram, sensora novecosana, aktivas gazes hemisorbcija
uz sensora virsmas, dazadu citu gazu klatesamiba, kuras art aktivé sensora virsmu, un sensora
ekspluatacijas rezimi.

Kimiskajiem gazu sensoriem, kur pretestibas izmaina aktivas gazes klatbatng ir jutibas
celonis, signala uzaugsanas laiks parasti ir 1saks par signala dzisanas laiku. Celonis tam ir dazadu,
art aktivas gazes molekulu adsorbcija uz sensora materiala virsmas katalitiski aktivajas vietas,
piesaistot ladinneszjus no materiala (kas paradti ir n- vai p- tipa pusvaditjs).

Lai samazinatu sensora signala dzisanas laiku, més pidietojam dazadas virsmas
aktivacijas metodes. Tada veida var uzlabot rezultatu atkartojamibu, ka ari samazinat vienam
merjjumam nepieciesamo laiku. Rapniecisks TGS 822 sensors (alvas oksida materials) tika
izmantots ka paraugs. Pirmaja eksperimenta sensora virsma tika aktivéta ar gaismu, izmantojot
dazadus avotus. Otraja eksperimenta, kas vel tikai ieplanots, tiks izmantota dzirkstelizlade starp
diviem elektrodiem, kuri ievaditi slegta sensora vai sensoru matricas kamera. Sai iedarbibai ir
paredzami divi efekti — gaisma no dzirksteles veicinas uz sensora virsmas adsorbéto molekulu
desorbciju, bet izlade raditais ozons izreages ar kamera palikusajam piemaisijumu molekulam
(eksperimentu javeic tikai skabekla atmosfera).

RESEARCHES OF THE SENSOR RECOVERY TIME REDUCTION
FACILITIES

Jiulija Hodakovska, JanisKleperis
Institute of Solid State Physics of University of Latvia

Gas sensors are designed to provide optimum performance for each individual gas, but
typically there are number of shortcuts and limitations as a result of compromises between needs
and possbilities. Sensor rise and fall times are affected by many factors, including age,
chemisorption, cumulative exposure to target gas and interfering gases, and maintenance.

The recovery time for chemical gas sensors based on resistivity changesis longer than the
response one. That means, that the adsorption of the gas molecules on the surface of sensor layer
(semiconducting metal oxide, chalcogenide or another material) can be a strong chemisorption
process. It can lead to the formation of the covalent chemical bonds, namely strong p-bonds in
which the holes captured by adsorbed molecules participates.

Our ideais to used different surface activation methods to destroy chemisorbed gas layer
and reach faster recovery of sensor. First method we used was an activation of the surface of gas
sensing layer with light using different light sources. Commercial TGS 822 sensor was used as
sample in experiments. In this case SnO, semiconductor with thin catalyst layer is the gas
sensitive material and only short wavelength light showed impact on sensor recovery time.
Another method was designed for closed chambers of sensors and/or sensor arrays, using two
additional electrodes for spark ignition. There were two effects during spark ignition in sensor
chamber when recovery process is activated (only in atmosphere containing air) — light produced
can desorb captured gas molecules, and ozone generated can destroy volatile compounds in the
chamber (I€ft after exposition of sensor to the test gas).
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CL, NO, P,Os PIEMAISIJUMU REGI STRESANA GAISA, IZMANTOJOT
OZONU KA LAKMUSA PAPIRU

VladimirsVorohobovs, JanisKleperis
Latvijas Universitates Cietvielu fizikas institits

Plasi zinams, ka dazas vielas reagé ar ozonu, bet maz zinams, ka ozonu var
izmantot dazadu piemasgjumu a arkartigi mazu koncentraciju noteikSanal gaisa.
Izveidots mazs ozona generators, kura generéto ozonu kopa ar piesarnoto gaisu ievada
noslegta tilpuma. Ja piesarpotajviela ir, piemeram, hlors, tad tas atri iznicina ozonu.
Notiekoso procesu var aprakstit ar reakciju kedi:

Cl,+03=2CIO+0O

0O +03= 20,

2CIO = O, +Cl,
Tadas reakcijas var atkartoties daudzas reizes, un $ajas reakcijas hlors faktiski strada ka
katalizators. Tas nozime, ka viena hlora molekula var mijiedarboties ar daudzam ozona
molekulam un iznicinat tas. Lidz ar to lielas izmainas ozona koncentracija saistamas ar
nelielam hlora koncentracijam.

Tapec jutiba Sa metodei ir daudzkart lielaka, neka daudzam citam metodem.
Paliekosa ozona daudzums tiek izmerits ar ozona sensoru, kur§ ir izveidots misu
laboratorija. Lidziges katalizatora ipasibas ir a1 NO, P,Os un , var bat, citam gaisa
piesarpotajvielam, kas dod iespeju registrét art tas.

AIR POLLUTANTS(Cl2, NO, P20s) REGISTRATION USING OZONE AS
TESTING REAGENT

VladimirsVorohobovs, JanisKleperis
Institute of Solid State Physics of University of Latvia

It is well known, that many gases can react with ozone, but it is new idea— to use
ozone to register some extremely small concentrations of some air pollutants. Small
ozone generator was made, which generates ozone. Atmospheric air and ozone mixture
was gathered in the bottle. If, for example, the air pollutant is chlorine, it quickly
disintegrates ozone following next reaction chain:

Cl,+03=2CIO+ 0O

0 +05= 20,

2CIO = O, +Cl,
This reaction repeats many billions times. In fact chlorine (polluting substance) is
working as a catalyst. It means, that one chlorine molecule can interact with billions
ozone molecules and destroy them. That is why large change of ozone concentration
depends from small chlorine concentrations.

That is why sensitivity of this method is much better, then many other methods.
Ozone sensor measures the residua ozone quantity, and this sensor is made in our
laboratory. The same catalyst properties has aso NO, P,Os , and may be some other
dangerous air pollutants. So, we can register also them, using this method.
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EKU IKMENESA ENERGOBILANCESANALIZE AR MERKI UZLABOT TO
ENERGOEFEKTIVITATI

U.Kanders, J.Klavin$
Latvijas Universitates Cietvidlu fizikas ingtitits

Pedejo 5 gadu petijjumi parada, ka siltuma energija centralizetas apkures vgadzibam Rigas pilscta
sastada ap 40% no visas pateretajiem piegadatas energijas, kas 2 reizes parsniedz patéréto elektroenergiju.
Bez tam batiska dala - ap 15% no primargiem energoresursiem tiek papildus parversti siltuma energija
decentralizetas apkures vajadzibam. Tadgjadi eku apkures sektors ir plasakais darba lauks dazadu
energoefektivitates un taupisanas pasakumu realizésanai. Optimala siltuma energijas izmantosana eku
apkures vgadzibam ir sadalama 3 etapos - primaro energoresursu parversana siltuma energija, parvade lidz
patéretajam un siltuma galiga izmantosana. Atbilstosi $ajas jomas potenciali sasniedzamo energoefektivitati
strukturali sastada attiecigi 22% - siltuma razosana, 31% sltuma parvade un 47% sltuma izmantosana.
Zemak tiek gplukota pedgja no tam.

Dzivojamas un sabiedriskas ¢kas ir lidakie sltuma energijas patérétaji. Dazadi merijumi un
novertejumi ir paradijusi, ka telpu apkurei tiek patéréti ap 65% no visas piegadatas siltuma energijas.
Tadegjadi ekas ardenu termiska sltuma pretestiba un ku ventilacijas sistemas stavoklis vistiesaka veida ir
saidtiti ar ekas energoefektivitates uzlabosanas pasakumiem. Viegli saprotams, ka loti svarigi ir paielinat
gkas arsienu dazadu bavkonstrukciju termalo pretestibu.

Tikaizveidota vienkarsa aprekinu programmauz MS Excel bazes, lai novértetu siltumu zudumus caur
eku arsienu bavkonstrukcijam, kas lauj apréekinat ietaupito siltuma energiju caur dazadiem arsienu
buvelementiem akariba no siltumu izolgjosa dana fizikalajam ipasibam. Tadgjadi ir iespgjams aprekinat
ietaupito sltuma energiju gada laika un novertet materialu un darba izdevumu atmaksasanas periodu
saistiba ar attieciga buvelementa uzlabosanu vai nomainu. Rezultata ir iespejams sarindot dazadus energo-
efektivitates pasakumus atkariba no atmaksasanas periodailguma.

ANALYSISOF MONTHLY ENERGY USE OF BUILDINGSIN ORDER TO IMPROVE
THEIR ENERGY EFFICIENCY

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

In the last 5 years the thermal energy for a centralised district heating shares about 40% in the fina
energy consumption in the case of the city Riga and exceeds twice that of electricity. Besides a substantial
share of the remaining fina energy consumption relaes to conversion of primary energy resources into
thermal energy at decentralised systems reaching additional 15% of total end-use energy. Therefore thermal
energy sector is major area for energy efficiency improvements. The structure of achievable energy
efficiency potentia consists from 3 parts: 22% - in generation, 31% - in transmission and 47% - in
consumption. Below we consider the last part only.

Residentia and public houses are the major thermal energy consumers. It is estimated tha building
space heating consumes some 65% of the total delivered heat. The using of the thermal insulation for the
building envelope and the improvement of the heating and ventilation systems are an enormous potential
for energy savings. One of most important task is increasing of thermal resistance values for various
building constructions.

A simple Excel program is developed for calculation heat loses through the buildings envelopes. It
calculates the saved heat energy in the residentia and public houses depending on the construction of
thermal isolation layer on the outside walls. This program calcul ates saved heat energy during the year and
the corresponding payback period of expenses for isolation materials and work. By help of this calculation
program it is possible to recommend sequence of energy efficiency measures.

NEKLATIENES STUDENTU AKADEMISKO SASNIEGUMU PEDAGOGISK A
TRIPLETA FENOMENS

U.Kanders, J.Klavin$
Latvijas Universitates Cietvidlu fizikas ingtitits
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Petijuma izmantoti Latvijas Policijas akademijas Uznemsanas komisijas dati par 800 reflektantiem, kas
pretendgja klat par augstskolas klatienes vai neklatienes studentiem 2003.g. Reflektanti bija beigusi
visdazadakas vidgjas un pat augstakas macibu iestades laika posma 1979.-2003.g. Garaka akademiska
pauze pec vidusskolas beigsanas sastadija 24 gadus. Pec dzimuma reflektanti bija 384 viriesi un
412 sievietes. 644 reflektanti pretendgja uz studijam klatieng, bet atlikusie 152 — uz studijam neklatiens.
437 reflektanti kluva par LPA sudentiem. Darba tiek analizétas augstak aprakstitas reflektantu
generalkopas jeb universalas populacijas statistiskas ipasibas pec sertificétgiem akademiskajiem
sasniegumiem — vidusskolas atestatu atzimem, kas kalpoja ka primarie dati. Tatu daudz par maz batu
aprobezoties tika ar reflektantu generalkopas andizi vien, kur daudzas svarigas strukturalas detalas var
palikt nepamanitas. 1zradijas, ka loti informativi ir detalizeti izpetit pec kadam noteiktam pazimém atlasitu
reflektantu grupu-izlasu atzimju frekvences jeb izlasu atzimju biezuma sadalijjuma funkcijas (sk. attelu
zemak), kur tika noverots pedagogiska tripleta ,5-7-9” fenomens izteikta veida reflektantu grupai, kas
pretendgja uz neklatienes studijam Publisko tiesibu studiju programma.
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Pedagogiska tripleta ,,5-7-9” fenomens tiek skaidrots vismaz ar 2 faktoru statistisko ietekmi uz
sadalfjuma funkciju. Pirmam kartam tas ir saistits ar skolénu zinasanu vértésanas procediiru, kur batiba tiek
lietota logaritmiska limepu skaa, bet otram kartam — ar $is reflektantu izlases izteiktu iedaisanos 3
apaksgrupas, proti, "5"- " 7-" un "9-"grupas.

PEDAGOGIC TRIPLET PHENOMENON OF ACADEMIC ACHIEVEMENTSIN
THE CASE OF PART TIME STUDENTS

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

Statistical analysis of part time students' academic achievements has revealed the pedagogic triplet ,,5-
7-9” phenomenon in percent frequency of grading marks. One can explain this phenomenon by influence at
least of 2 factors — the first one is using a logarithmic level scale in the students' knowledge assessment
procedure, the other one —dividing obviously part time students’ into 3 categories, namely, "5"- "7-" un " 9-
" category.
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ELEKTRODZINEJU MIKSTA STARTA |IERICES

|.Gvardina®, A Kristin§', J.Melderis', G.Pikurs?, J.Tibergs', J.Zvirgzds"?
!_atvijas Universitates Cietvielu fizkas institits,
’3 A, Fonons”

Lielas jaudas iekartu pieslegsana pie eektriska tikla saistita ar lielam sakuma
stravam, kuras vairakkart var parsniegt iekartu nominalo stravu. Lielas piesleguma
stravas var bit kaitigas gan piesledzamga iekartai, gan iekartu apkalpojosgam tikla
iericem.

LU CH sadarbiba ar SIA ,Fonons’ ir izstradatas miksta starta ierices, kuras
pamata domatas elektrodzingju paaisanal, bet var tikt izmantotas arT citur, pieméram,
jaudigu silditaju pieslégsanai.

leri¢u darbibas pamata ir fazes lenka vadiba.

Izstradatas ierices lauj vadit dodzi ar jaudu [idz 100 kVA un vairak
Galvenie parametri:

- digitali vadama mainsprieguma miksta startaierice
startalaiks no 5 lidz 20 sekundem
starta spriegums no 40 |idz 80%
izdegsanas laiks no 1,5 I1dz 20 sekundem
iebtvetalidzpielagosanas (,,bypass’) funkcija

SOFT START DEVICESFOR ELECTRIC MOTORS

| .Gvardina®, A Kristing', J.Melderis', G.Pikurs?, J.Tibergs', J.Zvirgzds™?
Nnstitute of Solid State Physics, University of Latvia
2 Fonons” Ltd

There are many problems with starting of high power electric devices (motors)
because initial current may be some times greater as nominal current for these devices.
High initia current may be dangerous for power supply devices as well as for powered
devices.

In the ISSP in cooperation with “ Fonons’ Ltd there were worked out soft start
devices for electric motors in general, but it is possible to use the soft starters also for
other devices (high power heaters, for example).

The devices are based on phase drive of two thyristor pairs and are able to manage
power up to 100 kVA and more.

Main features:
digital controlled AC semiconductor soft starter
start time from 5 to 20 seconds
start voltage from 40 to 80%
stop time from 1,5 to 20 seconds
built in by-pass function.
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MIKROKONTROLERU , ADMCF326" |ZMANTOSANA FREKVENCU
PARVEIDOTAJOS

A.Grablevskis, D.Gusevs, A.Kristin§
Latvijas Universitates Cietvielu fizikas institits.

Misdienas asinhronie elektromotori plasi izplatas pateicoties savai vienkarsibal
un drosibai. Asinhrono elektromotoru vadibai izmanto specialus mikrokontrolerus, kuros
vairumu signalu genere mikrokontrolera aparata dala.

"ADMCF326" mikrokontrolera izmantosana asinhrona elektromotora frekvencu
parveidosanal un vadibai lauj atrisinat varakas funkcijas, izmantojot tika vienu
mikroshému. Mikrokontroleris "ADMCF326" satur impulsu platuma modulacijas bloku,
kas atvieglo vadibas signalu generaciju invertoram. Pateicoties tam, ka "ADMCF326"
mikrokontrolert ir ievades-izvades porti, ir iespeja pieslegt EEPROM AT?24CO01, kas ir
domats frekvenéu parveidotaja parametru glabasanai, ciparu indikatoru SAA1064
informacijas izvadei un klaviatiru frekvenéu parveidotaja parametru ievadisanai un
mainisanai. ACP lauj pieslegt devejus asinhrona elektromotora kontrolei.

ADMCF326 MICROCONTROLLER USING IN FREQUENCY CONVERTERS

A.Grablevskis, D.Gusevs, A.Kristin§
Institute of Solid State Physics, University of Latvia

Today asynchronous electric engines are widely spreaded due to their simplicity
and reliability. Special microcontrollers are used for asynchronous electric engines
controlling, these controllers generate most of control signals by hardware.

Using of the microcontroller "ADMCF326" for frequency inverting and control of
the asynchronous electric engine allows to solve all necessary tasks using only one
microcircuit. The microcontroller "ADMCF326" has block of wide band pulse
modulation, which allows simplifying the generation of control signals for the inverter.
The presence of input/output ports at the microcontroller "ADMCF326", gives an
opportunity to connect EEPROM AT24C01 for frequency converter's parameters
storage, digital indicator SAA1064 information visua output and keypad for changing of
frequency converter's parameters. The presence of ADC dlows connecting of
asynchronous electric engine control sensors.
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DAUDZKANALU DATU SAVAKSANAS SISTEMA

P.Annus' E. Haldre?, V. Kaulio®, A. Kristins’ M.Min?
'OU Eliko Tehnoloogia Arenduskeskus, Igaunija
“Tallinas Tehnologiska unuversitate, Igaunija,
3sankt Peterburgas Politehniska universitate, Krievija,
“Latvijas Universitates Cietvielu fizikas institits

Apskatama sisttma ir konstruéta sensoru signalu merisanai no analogiem
diferencialiem kanaliem ar 16 bitu izskirtspéju un 200 Hz joslu. Aparatiras modula
analoga dala ir veidota uz augstas precizitates integrala delta-sigma analoga/ciparu
parveidotaja (DSACP), kurs satur 4. kartas DS modulatoru un 5. kartas Sinc-filtru

aiz ta. Pirms DS modulatora esosais anaogais pastiprinatajs ar
programmgjamu pagtiprinajuma koeficientu nodrosina sistemas merdigpazonu no
+100mV lidz £5V. Modula digitalais kodols ir augstas efektivitates AVR
mikrokontroleris. Tas lauj merisanas laika kontroleét DSACP un nosiita savaktos datus uz
personalo datoru (PC) caur universalo virknes sinu (USB) ar 2 Mbit/s atrumu, izmantojot
specialu USB integralo shemu. Datu paketes tiek generétas ik pec 1 ms un var tikt
sinhronizetas ar argju sistemu kopgjai izmantosanai. Atrdarbigi optroni starp merdalu un
PC aizsarga to no gpkartejas vides un samazina troksnu ietekmi uz merfjjumu precizitati.
ST sistema var tikt plasi izmantota tadas nozares ka medicina, ripnieciba, energétika un
citas, lai savaktu precizus ana ogos datus daudzkanalu sistemas.

MULTICHANNEL DATA ACQUISITION SYSTEM

P.Annus' E. Haldre?, V. Kaulio®, A. Kristins’ M.Min?
'0U Eliko Tehnoloogia Arenduskeskus, Estonia,
2Tallinn University of Technology, Estonia,

%3 Petersburg Sate Polytechnic University, Russia,
“Institute of Solid State Physics, University of Latvia

The presented system is designed to measure sensor signals with 200 Hz
bandwidth from analog differentia channels at 16-bit resolution. The analog part of the
hardware module is based on the high accuracy integral deltasigma anaog-to-digital
converter (DSADC), comprised a 4th-order DS modulator followed by a digital 5th-order
Sinc-filter. The presence of the programmable analog gain amplifier before the
DS modulator allows measure range of the system from £100 mV to £5V. The digita
kernel of the module is high efficient 8-bit AVR microcontroller. It serves to control the
DSADCs during measuring and send acquired data to a persona computer (PC) via the
universal seria bus (USB) at 2 Mbit/s using a speciad USB integral circuit. Data packets
are generated every 1 ms and may be synchronized with an externa system to a
collaborative using. High speed optocouples used between the measuring part of the
system and a PC to protect it from an external environment and decrease a noise
influence to the accuracy of measurements. This system may be widely used in such areas
as medicine, industry, energetic and other to the precise multichannel analog data
acquisition.
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WEB MEZGLA NOSLODZESSTATISTIKASDATU ANALIZE

D.Gusevs', V.Narnicka?, E.Petersons®
! atvijas Universitates Cietvielu fizkas institiits,
’Rigas Tehniska Universitate

Intensiva datoru tiklu attistiba aktualize datortiklu darba anaizes jautajumus un
optimalas attistibas Vizijas izstrades jautajumus. So jautajumu risinasana Kklas vél
sarezgitaka, janem véra naudas lidzek]u resursu ierobezojumus.

Tikla trafiks (datu apjoms, kas tiek parraidits un sanemts viena laika vieniba) ir
viens no svarigakgiem faktiskgjiem datortikla darbspgjas raditajiem. Trafika anaize lauj
noteikt faktisko tiklu noslodzi un nepieciesamo kanalu kapacitati, noskaidrot darbibas
stabilitati, spriest par tikla attistibas dinamiku, regulét datu plismas komunikacijas
mezglos, noformulét rekomendacijas par optimaliem dazadu komunikacijas uzdevumu
izpildes risinajumiem, netiesi spriest par tikla sazarojumiem un tikla lietotaju skaitu, ka
ari izstradat noslodzes modelus.

WEB NODE TRAFFIC STATISTICAL DATA ANALYZE

D.Gusevs', V.Narnicka?, E.Petersons”
Nnstitute of Solid state Physics, University of Latvia,
’Riga Technical University

Sharp computer network growth makes very actual computer network anaysis
problems and optimal development conception formulation problems. Those problems
solutions became more complex in cases then funds are limited.

Network traffic (data amount, which are transmitted and received in unit of time) is
one of the most important actually computer network performance indicator. Traffic
anaysis gives possbility to find out actual network utilization and necessary
communication channel capacity, stability conditions, network growth dynamic,
regulation rules for network communication nodes, recommendations on optima
different communication task solution, implicitly consider about network branches and
network user number, as well as to develop performance model.
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TELEK ONFERENCESIESPEJASEURATOM PROJEKTA DALIBNIEKIEM

M .Kundzin$
Latvijas Universitates Cietvielu Fizikas institits, Riga, Latvija

Vairakas Latvijas Universitates zinatnieku grupas piedadas EURATOM projektos. Sgja
darba nepieciesams labs kontakts ar citam grupam. Lai taupitu pétnieku laiku un
Iidzeklus, EURATOM asociacija strada pie dazadu attalinatas sadarbibas tehnisko iespéju
izstrades un standartizésanas, pamata nemot publiska Interneta tehnologijas.

lespéjami dazu sadarbibas veidu paraugdemonstréjumi.

TELECONFERENCING FACILITIESFOR EFDA MEMBERS

M.Kundzins
Institute of Solid State Physics, University of Latvia, Riga, Latvia

Many groups of Latvian University scientists are participants in European Fusion
Development Agreement projects. This work needs good contacts with other groups.
With purpose of saving time and money EFDA develops different remote participation
facilities, using information technologies and progress in high speed Internet
accessibility. Some remote participation methods possibly will be demonstrated.
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SK ANEJOSAISELEKTRONU MIKROSKOPSLU CFl: TEHNISKIE

PARAMETRI UN IZMANTOSANASIESPEJAS

I .Sorubalko
LU Cietvielu fizkas institits

Instrument title:
lerices
nosaukums:

"Scanning Electron Microscope (SEM) with energy dispersive
detector for X-rays (EDX) and with an option of Electron Beam

Lithography (EBL).

Photo:
Foto:

SEM

Technical details:
Tehniska
specifikacija:

EVO 50 XVP with LaB6 filament. Main characteristics:

"Pa

LaB6 filament, compatibility to both filament types
Magnification from 5x — 1.000.000x

continues variable in 10V steps

without substantial change in beam current)

Image modes: secondary electron image (SE), backscattered
electron image (4QBSE), topography (TOPO), composition
(COMPO), shadowed
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The Scanning Electron Microscope is of Carl Zeiss brand, model

Possibility to inspect samples in both: Low and High vacuum modes
(possibility to inspect insulating and gassing samples), with easy
vacuum mode changeover, LV mode pressure range 1-750 Pa and
HV mode pressure better than 10 Pa; and with LaB6 better than 10°

Resolution of 3 nm (in LV mode 4.5 nm) for W filament, and 2 nm for

Acceleration voltage range from 0.2 kV to 30 kV, easy adjustable,

Beam current in range from 0.5 pAto 5 mA, easy adjustable, and
with good stability in time (give possibility for long EBL exposures

Additional detectors: infrared camera, probe current and specimen



current detector (SCM)

Specimen stage: motorized in 5 axis (X — 100 mm, Y — 125 mm, Z —
61 mm (35 motorized), tilt 90° rotation 360° continuous
compucentric), computer controlled, positioning precision of 1.5-2
micrometer and good stability (gives possibility for long EBL
exposures without substantial change in the sample position)

Easy and fast sample load/unload system, (quick-fit holder) with
sample size up to 250 mm in diameter at analytical working distance
Modular, upgradable

The EDX is of Oxford instruments brand, model INCA 350. Main
characteristics:

10mm2 area, INCA SATW Window (for detection of elements
from Be upwards.).

Detector resolution guaranteed at 2,500cps provides reliable and
accurate results over entire spectral range at typical microscope
operating conditions: At C: 66eV or better

At F: 70eV or better

At Mn: 133eV or better

Guaranteed peak resolution change by <leV at Mn Ka between
1,000 and 10,000cps ensures accuracy of results and speed of
analysis whilst delivering greater user productivity and quality of
information.

The only EDX detector that conforms to 1ISO 15632:2002
guaranteeing performance at a productive count rate.

Sensitivity of 1 Wt% for light elements and 0.1% for heavier
elements.

A micrometer resolution.

The EBL is of Raith brand, model ELPHY Quantum. Main
characteristics:

Good quality pattern generator: 2.5 MHz writing speed with < 2 ns
dwelltime

2 high speed 16-bit DACs for X and Y main beam deflection

6 multiplying 16-bit DACs for overlay alignment and write field
calibration with sub-nm step size control

high speed image acquisition & mark registration (400 ns Video
ADC)

Beamblanker control circuit TTL 5V

Convinient software

Should give possibility to obtain structures below 50 nm.

Application
example:
LietoSanas
piemers:

Simultaneous / Multifunctional Analysis and nanostructures formation:
SEM imaging (different modes)
Local composition Measurements with EDX
Creation of nano-structures using EBL
The system is proving indispensable to researchers in material analysis
(semiconductors, insulators, metals), life sciences, healthcare,
nanoscience.
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JAUNASES STRUK TURFONDU UN PASBUVETASIEKARTAS
KIMISKASFIZIKASINSTITUTA

D. Erts, J. Prikulis, B. Polakovs
LU Kimiskas fizikas ingtitiats, Raiza bulv. 19, LV1586 Riga

lekartas kuras sanemtas Kimiskas fizikas institita ir:

1. Precizas uzputinasanas un kodinasanas iekarta, ar kuru var velkt virsmu
kodinasanu un 4 dazadu materialu uzputinasanu kamera, nepartraucot vakuumu.

2. Video sisttma transmisijas elektronu mikroskopam (TEM), kura Jaus iegit ne
tika dazadu materialu TEM attelus, bet a1 vizualizet dinamiskus procesus, kuri
svarigi ar TEM savietojamiem tunel- un atomspeku mikroskopiem.

3. Nodlégta cikla kriostats temperattru intervalam 0.28 — 300K, kuru var izmantot
vadamibas un optisko 1pasibu kontrolel.

4. Multiliniju argonalazers.

5. No pasbuvetgam iekartam jaatzimé uz kvarca oscilatoru bazétais atomspeku
mikroskops, kurs savietojams ar TEM.

NEW EQUIPMENT IN THE INSTITUTE OF CHEMICAL PHYSICS,
UNIVERSITY OF LATVIA

D. Erts, J. Prikulis, B. Polyakov
Institute of Chemical Physics, University of Latvia, Rainis blvd. 19,
LV-1586 Riga, Latvia

New equipment in the Institute of Chemical Physicsincludes:

1. Precision etching and coating system for specimen etching and surface coating
with 4 different materials without breaking of vacuum

2. Video registration system for Transmission Electron Microscope (TEM) for
high resolution images of specimens as well as for video recording of dynamic
processes for TEM compatible scanning probe microscopes.

3. Closed cycle cryostat for temperature range 0.28-300 K can be used for
conductivity and optical measurements.

4. Multiline Ar laser.

5. Home made turning fork based atomic force microscope compatible with
TEM.



EPR MERIJUMI ZEMASTEMPERATURAS

Dz. Bérzips, U.Rogulis
Latvijas Universitates Cietvielu fizikas institits

Referata apliukotas konstrukcijas ipatnibas, la EPR spektru merjjumiem zemas
temperatiras (Iidz T = 6.5 K), ar 9 GHz digpazona spektrometru RE-1306, piemerotu
firmas APD Cryogenics hélija noslegta cikla kriostatu. EPR spektrometra rezonatora tika
paplasinati urbumi, lai taja ievietotos noslegta cikla kriostata ietilpstosas plansienu kvarca
caurulites. Konstrukcija nodrosina iespéjamu drosibu, lai kvarca caurulites netiktu bojatas
parauga montésanas laika, ka ar lai paraugu spektrometra butu iespéjams pagriezt par
lenki Iidz 100° EPR spektru lepkisko atkaribu merjjumiem. Dota konstrukcija jau
vairakkartigi parbaudita EPR merijumos zemas temperaturas.

EPR MEASUREMENTSAT LOW TEMPERATURES

Dz. Bérzips, U.Rogulis
Institute of Solid State Physics, University of Latvia

In the present talk we present a mechanical adapter, made in order to adapt the closed
cycle helium cryostat of APD Cryogenics for EPR measurements at low temperatures
(down to T = 6.5 K), using the 9 GHz range spectrometre RE-1306. Bores of the
resonator have been widened in order to place the fine quartz cuvettes of the closed cycle
cryostat. Adapter construction provides high safety against the destroying of the quartz
cuvettes during the sample mounting, as well as provides a possibility to reorient the
sample in the spectrometre for angles up to 100°, for EPR angulare dependence
measurements. Described adapter construction is recently approved by EPR
measurements at |low temperatures.
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MAGNETOOPTISKA IEKARTA

U.Rogulis
Latvijas Universitates Cietvielu fizikas institits

Aplikota magnetooptisko mérijjumu un optiski detektéjama EPR iekarta, kadu planots
izveidot uz Oxford Instruments Soectromag sisttmas magnetooptiska hélija kriostata
bazes. Supravadosa magneta sasniedzama magnétiska lauka indukcija lidz B=6T lauj
izmantot optiski detektéjama EPR mérjjumiem ne tikai miisu riciba esoso Q (36 GHz)
mikrovilnu digpazona aprikojumu, bet perspektiva art augstaku frekvencu- V (72 GHz)
un W (93 GHz) diapazonus. Optiski detektéjama EPR metode lauj tiesi saistit
struktiirjitigas EPR metodes datus ar luminescences centru un krasu centru optiskaam
ipasibam cietas vielas.

MAGNETOOPTICAL SETUP

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

A magnetooptical setup for optically detected EPR measurements on the basis of the
Oxford Instruments Spectromag system helium magnetooptical cryostat will be
considered. Magnetic fields of the superconducting magnet up to B =6 T allow to use for
optically detected EPR measurements not only our present Q (36 GHz) microwave band
equipment, but also much higher microwave frequency ranges- V (72 GHz) and
W (93 GHz). Optically detected EPR technique allows to find out a direct correlation
between the data of the structure-sensitive EPR method and optical properties of
luminescence and colour centresin solids.
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LAZERU IZMANTOSANA INFORMACIJASTEHNOL OGIJAS

J.Teteris
Latvijas Universitates Cietvielu fizikas institits

Amorfie halkogenidu pusvaditaju (As-S, As-Se, Ge-S, Ge-Se u.c.) planas kartinas
izraisa pieaugosu interesi ka perspektivi materiali informacijas optiskam ierakstam un
apstradei. Biitiskas optisko 1pasibu fotoinducgtas izmainas (Dn £ 0,8 ; DEg £ 0,4 eV) sajos
materialos dod iespéju veikt fazu vai amplitidasierakstu planas kartinas reala laika.

La pdielinatu un sasniegtu [oti augstu informacijas ieraksta un glabasanas
blivumu, visai perspektivi ir ierakstu veikt tilpuma, izmantojot holografisko metodi. Tas
ir Joti vilinosi, jo $ads risinajums piedava informacijas blivumu ar kartu 1/1 3, vienlaicigi
nodrosinot atru paraélu, lappusu-adresétu informacijas ieraksta un nolasisanas procesu.
Ir zinams, ka gaismas efektivais vilna garums materiala ar lausanas koeficientu n
samazinas par | /n , saidzinot vakuuma vai gaisa. Tapec sagaidams bitisks informacijas
blivuma pieaugums, veicot ierakstu halkogenidu materialos ar lielu lausanas koeficient,
izmantojot Bregarefleksijas vai imersijas tranjsmisijas holografiju

LASER APPLICATIONIN INFORMATION TECHNOL OGIES

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, and
Ge-Se) have been recently intensively studied as promising media for optica recording
and processing of information. The essential photoinduced changes of optica properties
(Dn £ 0,8 ; DEy £ 04 eV) enable the performance of real time phase or amplitude
recording in thin films of these materials.

The most promising gpproach to achieving ultra-high information storage density
and capacity is to store data throughout the volume of a storage medium by holographic
recording. It is attractive since it offers a potential volumetric density that scales with
wavelength as 1/1 3, coupled with the fast parallel, page-addressed recording and readout
processes. It is known that the effective wavelength of light inside the media with
refractive index n is reduced by a factor 1/n compared to wavelength in vacuum.
Therefore an essentia increase of storage density in high index chalcogenide materials
can be expected by applying the Bragg reflection or solid immersion transmission

holography.
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