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OP-1
5-DIMENSION OPTICAL RECORDING WITH ULTRASHORT LIGHT PULSES

M. Geceviius, M. BeresnaP.G.Kazansky

Optoelectronics Research Centre, University of Southampton, Southampton SO17 1BJ, United Kingdom
mg2el0@orc.soton.ac.uk

The information hunger fuels the race for continuous advances in data storage. More than
a decade ago, a potential of ultrafast laser writing of isotropic modification fordhmemsional
optical memory was demonstrated [1]. Later it was found that Itheshiort laser pulses could
also induce anisotropic modifications related to-asfembled nanogratings formation [2]. This
anisotropy can be characterized by two independent parameters: retardance and slow axis
orientation, which can be rewritten witbcgessive pulse sequences. Recently, it was suggested
using these parameters to extend optical recording beyond the three dimensidssa[8¢sult,
femtosecond laser induced safsembled nanostructures can be employed as a rewritable five
dimensionaloptical memory. Here we explore in depth this technology and demengsa

actual implementation for multidimensional optical recording and reading.
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Fig. 1. Retardance dependences on pulse energy (a), with 1000 pulses exposed per single dot, and
exposure (b), where the dashed lines indicate exponentialépption of experimental data.

Retardance and slow axis orientation can be independently controlledribenof pulses
and azimuth oirradiated lightpolarization. Recording ahformationis performed with a mode
locked regeneratively amplified femtosecond laser system PHAROS (Light Conversion Ltd.)
operating ab=1030nm and delivering pulses of 279 at 200kHz repetition rate. Laser beam
is focused with a highNA lens into the bulk of &used silica sample mounted on a theal
motion platform controlled with the SCA software (Altechna Ltd.). A successive reading of the
recorded information is performed with a quantitative birefringence measurement system
(Abrio,Cri Inc.) based on aaventional optical microscope Olympus BX51.

The optimization of the birefringent optical memory performance was achieveddiya

experiments. First, the retardance dependence on the number of laser pulses was measured. It



OP-1
was found that this depend@ncan be approximated by a saturated exponential growth (Fig. 1).

Next, the birefringence strength was investigated as a function of the pulse duration. Finally, as
demonstration, we recorded the portraits of two great scientists, Maxwell and Nevdaqieae

of silica glass by continuously controlling exposure and polarization during the writing process
(Fig.2). The Maxwell portrait was encoded \
one by varying the slowaxis orientation. Later, usinge Abrio system, we managed to decouple
both images, clearly demonstrating the potential of the proposed information recording
technique.

(@)

Fig. 2. Maxwell and Newtoare recorded in one image (a, in pseudo colors), however, they can be easily
decoupled as Maxwell is recorded in strength of retardance (b) and Newton in azimuth of the slow axis
(c). Sizeis 1.51 2 mm.

In summary, by exploiting the ability ofemtosecond lasers to create anisotropic
modifications inside silica glass, a frdgmensional optical recording and reading has been
demonstrated. The described memory multiplexing technique by polarization encoding can be
successfully applied for high pacity data storag@stimated capacity00 Gbitcm?®).

[1] E. N. Glezer, M. Milosavljevic, L. Huang, R. J. Finlay,-H. Her, J. P. Callan, and E. Mazur, Three
dimensional optical storage inside transparent materials, Opt. Lett. 21200331996).

[2] E. Bricdhi, B. G. Klappauf, and P. G. Kazansky, Form birefringence and negative index change created by
femtosecond direct writing in transparent materials, Opt. Lett. 2912192004).

[3] Y. Shimotsuma, M. Sakakura, P. G. Kazansky, M. Beredn®iu, K. Miura, and K. Hirao, Ultrafast
Manipulation of SeHAssembled Form Birefringence in Glass, Adv. Mat. 22, 4@843 (2010).
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PHOTOCHROMISM DYNAMICS OF INDOLO -BENZOXAZINE -TYPE
COMPOUNDS: NEW LIGHT -GATED FUNCTIONAL MOLECULES

M. Vengris, L. Kontenis, K. Redecka’ V. Martynaiti, R.St epongand AGd |td&u s

! Laser Research Center, DepartmenQufantum Electronics, Vilnius Universi§a ul 4t eki o Ave.
LT-10223 Vilnius, Lithuania A
2|nstitute of Synthetic Chemistry, Kaunas University of TechnpRgyd v i | a nLD51%70 Kaurb® |,
Lithuania

lukas.kontenis@fstud.vu.lt

Future moleculascale devices and active mediums for holographic memories will rely on
the level of fundamental understanding of the various molecularifighted processes and the
availability of subtle organic synthesis strategies, tioald provide systems with the necessary
physical properties. Photochromic (featuring changes in absorption due to irradiation by light)
compounds, are among the best candidates for the aforementioned applications. Recently, a new
class of such compoundshbased on the light induced reversible opening of the
indolo-benzoxazine heterocycle, was discovefied] and investigated thoroughly. They exhibit
excellent fatigue resistance, baoénversion lifetimes of tens of nanoseconds and have shown to
support vaious structural modifications, that enable engineering of various electronic, chemical

and optical properties.
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Fig. 1. A proposed energy level diagram that would explain the observed intense broadband VIS emission
of only the ringopened (top righinolecule) but not the ringlosed (top left molecule) form of the
investigated compound. The solid black arrows represent the photochromic reaction between the two
forms. The cycles of the molecules are shaded to emphasise the different conjugated$yseem®
different forms.
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Here, we present an interesting group of molecules from the Hbdolpoxazine family,
that develop absorbance in the visible region when exposed to UV lightlYFibwo of them
can be used as a shtivied (tens of nanosecosplightgated efficient fluorophores. After the
UV light induced bond breaking of the oxazine cycle and the subsequent structural
rearrangement, the conjugated systems of a benzoindole and a bromobenzene (or a nitrobenzr
groups become connected by a hevormed double bond in the indole moiety. This
ring-opened form of the molecule feature an increased fluorescence quantum yield compared t
the ringclosed form. Thus, for ca. 3G any subsequent excitation of the molecule will result in
a broadband VISemission. In the presented investigation this property is experimentally
observed due to relatively long duration ai$of the 35%im wavelength excitation pul$ethe
same pulse forms and excites the +opgened form (see Fid).

It was also found, #it a simple superposition model explaining the nature of the induced
visible absorption spectrum, can only be applied to certain limited group of the
indolo-benzoxazine compound family and in our case cannot account for one of the observec
absorption peaksat all. More advanced techniques are thus required to gain a deeper
understanding of the lighhduced processes observed and few experimental directions to be

taken next are suggested.

[1] A. Gal Ru . Deguti s andthesis &d study df 6amfiydro-12lrindslg[2,1-S y n
b][1,3]-benzoxazines, Chemistry of heterocyclic compo2iSs), pp. 562565 (1989).

[2] M. Tomasulo, S. Sortino, A.J.P. White and F.M. Raymo, Fast and stable photochromic oxazines, Journal of
Organic Chemistry0, pp. 818068189 (2005).
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DIRECT LASER WRITING OF MICROSTRUCTURED POLYMER SCAFFOLDS FOR
TISSUE ENGINEERING APPLICATIONS

P. Danil ebv.i |BaahdMi Malinauskas

!Laser Research Center, DepartmenQufantum Electronics, Vilnius University Saul 4t eki o Ave.
LT-10223 Vilnius, Lithuania
2\livarium,| nsti tute of Bi ochemi st rl3LT-08662|VimiuglLishuabiaa i ver si ty

mangirdas.malinauskas @#ft.It

Multi-Photon PolymerizationMPP) is a promising dlect laser writing techniquehich
has progressed rapidly during the past decatleis technique is dsed on tightly focused
ultrashort pulsemitiating radical polymerizatin reaction ira spatially confined region of a pre
polymer material By selective exposure one can creatdesirable form polymeric structure
which isinsoluble inorganicdeveloper The MPP technique allowdabrication oftrue three
dimensional 8D) structureswith no geometrical restrictiorfd], as well as to reaatg the sub
diffraction resolution up to tens of nanometer$2]. Due to these reasonshe MPP is
distinguishedamong the other high spatial resolution fabrication techniques such 3] dkd
electron beani4] lithographies, selbrganization[5], ink-jet printing [6]. MPP has already

established its applications in photon|@$, microoptics[8] and microfluidics[9] as well as

biological[10] applications.

Fig. 1.a) Scanning electromicroscope imaged&Dar t i fi ci al scaffold with pore
out of photopolymeB22080b) Optical microscope image of histological section of tissue surrounding
SZ2080and surgical suture after 3 weeks of implantation.

In this work we pesent latest results diPP application for biomedicineby fabrication
of microstructured artificiaBD scaffolds for stem cell proliferation. Biocompatibility of ron
microstructured polymers and scaffolds fabricated out of them by tMEP has been
expermentally ested. Adult myogenic stem cedtoliferation tests show polymers as well as
artificial 3D scaffolds fabricated from acrylate baséfKRE hybrid organienorganic

12
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ORMOCORMBb59andSZ2080materials as well as biodegradaBIlEG DA-258 photopolymer to
be apficable for biomedical practiceAll these materials have been found todbdeast as

biocompatible as glass or polystyrene surfaces for steminelisro and as a surgical suture
judging by results of histological examinationtssues surrounding polymer implarms vivo
Laboratory animals were rats and rabbits and implantation period was up to 3 weeks. Adhesiol
of cells was also investigated and obtained results proved the photostructurable polymers to b
promising for future works for production of biocompatibl8D scaffolds. Additional
functionalization of structure surfaces is possible by covering or doping the materials with
biological agents, drugs or nanoparticles. Within the limitation of our study, we conclude that the
proposed direct laser writing technique offers rapid and flexible fabrication of biomedical
components with required shape, pore size and general porosity. The applications could targe
biostableand biodegradable implants applied for bone or tissue repteat as well as drug

delivery or release agents.

[1] S. Juodkazis, V. Mizeikis, H. Misawa, Thr®émensional Structuring of Resists and Resins by Direct
Laser Writing and Holographic Recording, Adv. Polym. Sci. 213; 27 (2008).

[2] F. Qi, Y. Li, D. Tan, H. ¥ang, Q. Gong, Polymerized nanotips via {plmton Photopolymerization, Opt.
Express 15(3), 97976 (2007).

[3] P. P. Naulleau, C. N. Anderson, J. Chiu, et al-n@2haltpitch extreme ultraviolet node development at
the sematech berkeley microfield exposw@,tMicroelectron. Eng. 86¢8), 448455 (2009).

[4] G.R. Sunne, Electron beam lithography for nanofabrication, PhD thesis, University of Barcelona (2008).

[5] S. Rousset and E. Ortega, Selfjanized nanostructures, J. Phys. Condens. Matter 18(13), (2006).

[6] M. Walther, A. Ortner, H. Meier, U. Loffelmann, P. J. Smith, and J. G. Korvink, Terahertz metamaterials
fabricated by inkjet printing. Appl. Phys. Lett. 95(25), 251252103 (2009).

[7] Q. Sun et al., Freestanding and movable photonic microstructures fabriggiddtbpolymerization with
femtosecond laser pulses, J. Micromech. Microeng. 20(3), 035004 (2010).

[8] M. Malinauskaset al.,, A femtosecond laser induced #plwoton photopolymerization technique for
structuring microlenses, J. Opt. 12(835204 (2010).

[9] D. Wu, Q. D. Chen, H. B. Sun at al., Femtosecond laser rapid prototyping of nanoshells and suspending
components towards micro fluidic devices, Lab Chip 9(16), ZZ84 (2009).

[10] A. Ovsianikov, S. Schlie, A. Ngezahayo, A. Haverich, B. N.icGkov, Twophoton
polymerization technique for microfabrication of edelsigned 3d scaffolds from commercially available
photosensitive materials. J. Tiss. Eng. Regen. Med. 1(6)44432007).
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LIGHT TWISTING WITH MICRO -SPHERES PRODUCED BY ULTRASHORT LIGHT
PULSES

M. BeresnaM. Gec e v i ahdPiGsKazansky

Optoelectronics Research Centre, University of Southamfmrthampton SO17 1BJ, United Kingdom
mxb@orc.soton.ac.uk

Recentlya property ofight beamsto carry angular momentum hatiracted considerable
attention due to numerous applications ranging from quantum bpticmicroscopy and
micromanipulatiod Orbital angular momentum (OAM) is fourid light beams with phase
singularities which posses a nonzero azimuthal energy flow. Commuzelg methods for
generating beams with OAM are based the exchange of orbital angular momentum with
mattef. However, recently an efficient coupling ahgular momentum carried by circular
polarizaton with OAM was demonstrated in systems with the radial symmetry: second harmonic
generation in laser induced plasthdiquid crystal droplets® and radially variant birefringent
waveplate® !, Additionally, it was demonstrated that radial polarizer can introduce orbital
angular momentum into the be¥niThe advantage of thiype process is that the heliciof the
output wave front can be controlled by th@ndednessf incident light polarization. However,
suchsystems could not be straightforwardly downsized, preventing from widespread application

in integrated optics.

(@) (b)

Fig. 1.(a) Optical vortex generation from an isotropic sphere. Incident circularly polarized light with
plane front (= 0) after refractioron spherical surface is partially converted into optical vortex with
orbital angular momentuin= 2. (b, ¢) Modelled using Jones matrix formalism wéeat profiles of
incident and transmitted electric field.

The system which could provide desirable cootgarm and also possess radial symmetry is a
bubble or void. If the voids or bubblesnbedded in glass have relatively high refractive index
contrast they exhibit edge birefringentlerelated to differential transmission &f and p-
polarizations.In this letter, we propose and demonstrate radial polarizer based @motropic

transparent sphere. As a resulafjular momentum c@ervation, spherical interface leads also

14
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to optical vortex generation, which is directly observedmaroscopic bubbles prodad inside

the glass by femtosecond laser

measured modelled

X - — “N o ’

3| - N coo | @
Fig. 2.Optical setups for optical vortex observatiori. polarizer,Ci condenser,  sample, O

objective. Vortex patterns (measured and modelled), observed under left and rightgwadeations,
showmirror symmetry indicating reverse of orbital momentum sign.

U‘ ; .

We anticipate that the observed type of angular momentum interaction, localized in severa
microns and sensitive to the handedness of circular polarization, will open new opportunities in

guantumoptics, optical trapping and manipulation.

[1] K. Melcher, L-M. Ng, E. Zhou et al., A gatlatchlock mechanism for hormone signaling by abscisic acid
receptors, Nature 462, 6@&D8 (1990).

[2] A. Mair, A. Vaziri, G. Weihs and A. Zeilinger, Entanglement of thiital angular momentum states of
photons, Nature 412, 343816 (2001).

[3] O. G. Rodrigueterrera, D. Lara, K. Y. Bliokh, et al., Optical nanoprobing via spinit interaction of
light, Phys. Rev. Lett. 104, 253601 (2010).

[4] D. G. Grier, A revolution in optal manipulation, Nature 424, 8816 (2003).

[5] L. Allen, M. W. Beijersbergen, R. J. C. Spreeuw and J. P. Woerdman, Orbital angular momentum of light
and the transformation of Laguei@aussian laser modes, Phys. Rev. A 45, 883 (1992).

[6] L. Marrucci, C. Manzo and D. Paparo, Optical sfisrorbital angular momentum conversion in
inhomogeneous anisotropic media, Phys. Rev. Lett. 96, 163905 (2006).

[7] J. A. Ferrari, W. Dultz, H. Schmitzer and E. Frins, Achromatic wavefront forming with -saaicant
polarizersapplications to phase singularities and light focusing, Phys. Rev. A. 76, 053815 (2007).

[8] E. Brasselet, N. Murazawa, H. Misawa and S. Juodkazis, Optical vortices from liquid crystal droplets,
Phys. Rev. Lett. 103, 103903 (2009).

[9] M. Beresna P. G. Kazansky, Y. Svirko, M. Barkauskas and R. Danieliligh average power second
harmonic generation in air, Appl. Phys. Lett. 95, 121502 (2009).
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3D PHOTONIC CRYSTAL AS A SPATIAL LIGHT FILTER

M.Rutkauskas L. WM.iPeckut’a K. S tardIMi Matinauskds

! Laser Research Center, DepartmenQuiantum Electronics, VilniudniversitySa ul 4t eki o Ave.
LT-10223 Vilnius, Lithuania
|CREA, Departament de Fisica i Enginyeria Nuclear, Universitat Politecnica de Catalunya,
Colom 11, E08222 TerrassaBarcelona, Spain

mangirdas.malinauskas@ff.vu.lt

Photonic Crystals (PhC) hawgeneratedigh interestas light flow manipulation elements
due to possibilityof forming photonic bandgaps iwave frequency domains][1Lately, it has
been found out that the spatial dispersion is also modified irs P2ICOne example of spatial
manigpulation of light isa selfcollimation of the beanmdue to theappearance of flat segments on
the spatial dispersion curve3, 4. In addition, to effects occurring inside tR&@Cs, crystalsvith
particular dispelige properties show supéensing effect§5]. However, to produce PhCs with
appropriate parameters is rather a complex task. A Laser-Rhuition Polymerization (UPP)
is thebest means of fabrication of 3ihotonic éements of elaborate woodpile geometrj; [6

Here we present a light collimatioty BD PhCs, which were made by a LMPP technique.
LMPP is a direct laser writing technique based on dicalized polymerization reaction
initiated by nonlinear absorption of short pulsed light in the tiny volume of the photosensitive
material. Moving thesample relatively to the fixed focus spot one can point by point modify the
material along the scanning trace with subdiffractional resol{ifion

The produced PhGsere investigated usingustom madebservation setuffig. 1 c). The
sample containing®C was set behind the focal planeb82 nm wavelengtlaser beanfocused
by 10x microscopeobjective lens llluminaton of PhC lead to appearance wéll-collimated
beam in the far field areand thefour first order diffraction maximgFig.1 d). Measured
diffraction anglesbetweenthe central and the first maxum were 31 deg and this result
correlates well withtransverse period of then. The beam remains well collimated even over

long distances behind the sample.
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Fig.1. a), b)Scanning electron microscope imageshe PhC fabricated viaNlPP techniquea) Side
view of the crystal showing longitudinal period, b) PhC view from above demonstrating transversal
period.c) Observatiorof well-collimated beam behintthe PhC using laséream. d) Transmitted intensity
distribution, which $ observed on the remote screen 9 cm away from the crystal, when laser beam is
propagating through the PhC. Thisage indicates an appearance of the narrow spot otcalilinated
beam and the four fir®rder diffraction maxima.

[1] E.Yablonovitch, Inhibited Spontaneous Emission in S8lidte Physics and Electronics, Phys. Rev. Lett.
58, 20592062 (1987).

[2] K. St al i unas -Mancdlo, Spatial Jiltering Iiglat hyeclzirped photonic crystalRhys. Rev.
A 79, 053807 (2009).

[3] H. Kosaka, T. Kawashima, A. Tomita, M. Notomi, T. Tamamura, T. Sato, and S. Kawakami, Self
collimating phenomena in photonic crystals, Appl. Phys. Lett. 74,-1212 (1999).

[4] K. Staliunas and R. Herrero, Subdiffractive bamttye solitons in BosEinstein condensates in periodic
potentials, Phys. Rev. E 73, 016601 (2006).

[5] E. Cubukcu, K. Aydin, E. Ozbay, S. Foteinopoulou, C. M. Soukulis, Subwavelength resolution in a two
dimensional photonicrystatbased superlens, Phys. Reett. 91, 207401 (2003).

[6] J. Serbin, A. Ovsianikov and B. Chichkov, Fabrication of woodpile structures byptaton
polymerization and investigation of their optical properties, Opt. Express 12-52281(2004).

[7] M. MalinauskasH. Gi | bergs, V. Purl ys, And RGGakomassFemtasecond.
Laserlnduced TwePhoton Photopolymerization for Structuring of Micro Optical and Photonic Devices,
Proc. SPIE 7366, 736622 (2009).
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INTERFERENCE PATTERNS OF LASER-DRESSED STATES IN A SUPERSONIC
ATOMIC/MOLECULAR BEAM

M. Bruvelis', J.Ulmanis, K. Miculis®, N.N. BezugloV, C. Andreevd, and A.Ekers

! Molecular beam laboratory, Laser Centre, University of Latk\;1002, Riga, Latvia
% Faculty of Physics, St. Petersburg State University, 198904 St. Petersburg, Russia
3 |nstitute of Electronics, Bulgarian AcademfySciences, Sofia 1784, Bulgaria

martins.bruvelis@gmail.com

Interference of lasedressed states can be observed whertiightced crossings of energy
levels enable the population to split between distinct excitation pathways that recombine
afterwards. ih this talk we present observation and interpretation of such interference patterns
obtained in a Ramsdype experiment in a supersonic NagN@omic/molecular beam[1]. The
excitation pathways are generated by applying two laser fields in an open thekédiler
system ge-f as seen in Fig. 1. In the experiment, the dressed states are spatially Vattyeng
two lasers are cw and cross a supersonic sodium beam, coupling-fHadgler. The lasers are
focused in such a way that a strong and shortt(§idgbcused) pump laser couples the two lower
levels g and e , and weak and long (less tightly focused) probe laser couples the intermediate
level e and the upper level f. The energy difference between the dressed states is determined by
the pump field Ralbfrequency and its detuning off from resonance. This particular arrangement
produces the excitation spectra of level f consisting of oscillatory patterns with distinct maxima
and minima that are characteristic to interference patterns. Detailed nuroalecgdtions based
on the dressedtate picture show that this particular arrangement of dressing fields can be used
to vary the spatial distribution of highly excited atoms, which can be precisely controlled by

varying the frequencies and intensities oftblaser fields.

corelates to stath
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Fig. 1. Excitation in an open three level ladder systesi.dAt t; population can evolve through two
pathways. Atiphase dependent interference can happen when pathways cross for the second time.

[1] N. N. Bezuglov, .GarciaFernandezA. Ekers K. Miculis, L. P. Yatsenko and KBergmann,
Consequences of optical pumping and interference for excitation spectra in a coherently driven molecular
ladder system, Phys. Rev. A 78, 05380 (2008).
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SPECTROSCOPIC STUDY OF WATER-SOLUBLE QUANTUM DOTS AND CHLORIN
e COMPLEX FORMATION AND STABILITY IN THE PRESENCE OF ALBUMIN

A. Skripka? J.V a | a n | 'j ahdR&Rbtanskis

'nstitute of Oncol ogy, LV-085660 Viiss, Lithogniser si ty, San
2Vilnius University, Physics facult a u | &t e Kl Ld-10222¢/ilnius9 Lithuania

Artiom.Skripka@ff.stud.vu.lt

Quantum dots (QD), luminescent semiconductor nanoparticles, have received considerable
interest due to their potential application in vasadbiological and biomedical fieldSeveral
years ago it was suggested that QDs could also be used in the photodynamic therapy (PDT) of
cancer to enhance the efficiency of PDT by using them as energy donors for conventional
porphyrintype photosensitize®S) [1]. Although there are numerous studies on different QD
PS systems in organic and aqueous solutions reported until now [2], little is still known about the
QD-PS complex formation and stability in biological medium.

Our earlier research with comno&lly available CdSe/ZnS QDs and a secgederation
photosensitizer chloring€Ce;) showed that upon the formation of €% complex the QD PL
band intensity decreased and the intensity of the fluorescence band soid@eased
simultaneously. Moreover,in the presence of QDs, the fluorescence ofs Ghifted
bathochromically from 660 nm to 670 nm. The fluorescence excitation spectrum -&feQD
compl ex r g®6@80nd ehdwedathe significant contribution of QD to the fluorescence
of bound Cg Theseresults indicated that the energy transfer from QD tgpi€ehe QDCe;
complex occured. [3].

In this work we present the spectral study on the formation and stability of complex
between CdSe/Zr8mino(PEG) (545 nm) QDs and e the presence of proteibpvine serum
albumin (BSA).

The emission spectra of QD, £and QDCe; solutions in the absence and presence of
BSA are shown in Fig. 1. The excitation wavelength at 465nm was used for the emission spectra
measurements so that only QDs but nof ¢oeilld beexcited. The peak of the PL spectrum of
QD was at 545 nm. Addition of BSA changed neither the intensity nor the position of the QD PL
band. Meanwhile, in the presence of BSA, the fluorescence band ofXperienced a
bathochromic shift from 660 nm to 670n the same as observed with QDs. The addition of
BSA to QD-Ce; solution caused the decrease in the intensity gfflGerescence by 14% while
the intensity of QD PL band increased by 13%. Such changes indicate that-the; @nplex
was not disrupted anhcould further undergo the energy transfer in the presence of BSA. Similar
results were obtained by changing the sequence of compound mixing. The fluorescence
excitation s pekHBA mmeithee adding EeodD-BIA sadution or QD to
Ce-BSA solution showed the spectrum £en the intensive slope of QD spectrum. The
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intensities of 545 nm and 670 nm bands in the emission spectrum were similar to those as in th
case of adding BSA to already formed @®; complex solution. Obtained fluorescenc
emission and excitation spectra indicates that@@complex still forms in the presence of

BSA and can successfully undergo energy transfer.
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Fig. 1. Emission s p(ekx.ty@M)oCGa(@EBECehiblar tatio @:M0) solutiGns
in PBS and in the presence of BSA (QD:BSA 1:20;E®A 1:2, QD:CgBSA 1:10:20). Measurements
were carrtr i,®8nmut with o

We conclude that the photosensitizers@an form a stable complex with CdSe/ZnS
amino(PEG) quantu dots in the presence protein at studied concentrations. The energy transfer

from QD to bound Gemolecules occur in the presence of BSA, however with lower efficiency.

Acknowledgments.This work was supported by the Lithuanian Science Council Student

Research Fellowship Awa(@.S).
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REACTIVE OXYGEN SPECIES PRODUCTION IN MITOCHONDRIA OF HUMAN
LARYNX CARCINOMA CELLS

E.N. GolubevaG.G.Martinovich I.V. Martinovich and S.NCherenkevich

Belarusian State University, Minsk, Republic of Belarus
golubeva.In.87@gmail.com

Apoptosis, or programmed cell death, is a physiological cell process essential for normal
tissues. It is associated with mitochondrial membrane depolarization and the loss of the
electrochemical gradient on the inner mitochondrial membrane. Excessivencaidlux is
supposed to be a typical cell death stimulus where mitochondrial membrane depolarization
precedes the cytochrome c release. It has been also observed that the inner mitochondrial
membrane may undergo a transient hyperpolarization and rapict alkalinization in response
to various stimuli during apoptosis. Eventually hyperpolarization and matrix alkalinization are
followed by mitochondrial membrane depolarization and equilibration of mitochondrial and
cytosolic pH,leading to mitochondrial grmeability transition pore openir{d]. Cytoplasmic
acidification is required for prapoptotic proteins caspases to function properly [2].
Furthermore, the loss of the mitochondrial membrane potential results in the production of
reactive oxygen speci€®OS) [3]. Most anticancer drugs kill their target cells at least in part
through the generation of elevated amounts of intracellular ROS. It is worth mentioning that
cytosolic pH values in tumors are above normal levels, which is likely to be due witiatian
of one of the major cytosolic pH regulator Wa" exchanger (NHE) in cancer cells. Activation
of NHE may lead to inhibition of apoptosis and provide cancer cells survival [2]. Recent findings
indicate that either the presence of excessive ROS$hercollapse of the mitochondrial
membrane potential opens the mitochondrial permeability transition pore, which is accompanied
by the release of prapoptotic molecules such as cytochrome c¢ into the cytoplasm.
Understanding the molecular basis of electramsport chain functioning in tumors will lead to
the investigation of novel cancer cell death activation mechanisms by apoptotic signalling
pathways controlled by mitochondria and will favour the development of more effective
therapies that selectivekjll cancer cells with little or no harm to normal cells.

In our investigations the production of reactive oxygen species in human larynx carcinoma
cells HEp2 was observed. In order to reveal possible sources of ROS (HADPH oxidase or
mitochondria) the infience of external pH and [€&on the ROS production in HED cells was
investigated. External calcium and pH did not appear to change the ROS production revealing
that HADPH oxidase was unlikely to be a source of the Rp@8uction in HEg2 cells. The
major sites of superoxide formation within the mitochondrial respiratory chain are linked to

respiratory complexes | and Il [4]. In our experiments both rotenone (complex | inhibitor) and
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antimycin A (complex Il inhibitor) were ascertained to enhanceR0& production in HER

cells. Superoxide production by complex | is supposed to occur during the reverse electror
transport (RET) from succinate to NARnd during the forward electron transport (FET), the
former being faster than the latter. Recent itigaions have led to the conclusion that rotenone
enhances the ROS formation during the forward electron transport and inhibits it during the
reverse electron transport [4]. Moreover, RET-induced ROS production is regulated by the
amplitude ofthe mitochondrial electrical membrane potential so that a 10% decrease in the
membrane potentiahhibits the ROS production by 90%. The inhibition of electron transport by
antimycin A causes a collapse of the proton gradient across the mitochondrial inner megmbra
thereby breaking down the mitochondrial membrane poterjab(it leading to the ROS

formation even after rotenone treatment (Fig.1).
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The facts mentioned above indicate that the major source of ROS i2 HEfs is
mitochondria and the ROS formation is not connected with the reverse electron transport in
complex I. Cytosolic pH values in cancer cells are above cytosolic pH valuesmal cells.

This shift in the cytosolic pH value in cancer cells may lead to a decreased electrochemica
gradient on the inner mitochondrial membrane in ¥Epells. This, in turn, may result in

constant ROS production in HEpcells mitochondria.

[1] S. Matsuyama, JC. Reed, Mitochondriglependent apoptosis and cellular pH regulation, Cell Death and
Differentiation 7, 11551165 (2000).

[2] D. Konstantinidis et al., Inhibition of the Na&H+ exchanger isoforml and extracellular signaégulated
kinase induce apoptosis: a time course of events, Cell. Physiol. Biochem. 1&221([2006).

[3] Y.-H. Han et al., Antimycin A as a mitochondrial electron transport inhibitor prevents the growth of human
lung cancer A549 cells, Oncology Reports 20,-683 (2008).

[4] G. Leraz, M-L. Genova, Structure and organization of mitochondrial respiratory complexes: a new
understanding of an old subject, Antioxid. Redox. Signal. 12;198B (2010).
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INTEGRATION OF SELF -ASSEMBLY AND LASER TECHNOLOGIES IN
FABRICATION OF TEMPLATES FOR CELL ARRAYS
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Structured monolayers of organic molecules can be a useful tool in lésshttell growth
and adhesion experiments. Genome and proteome analysis is another area where such
microarrays can based. Naturally occang chemical gradients are important for cell growth,
adhesion and other biological processes. To study them at a lab, one needs to credexlcontro
chemical gradients [1]. Most of the methods that have beeliedto date have dislvantages
which prevent efficient manufacturing of complex structures that maintain the function of the
biomolecules. D. Rhinow and N.A. Hampp [2] proposedethod of submerged laser ablation
which allows fabrication of complex multimolecular safsemi®d monolayer (SAM) structures
on gold surfaces from various molecules with suHselective thiol groups. The aim of this
work was to investigate the effect of laser radiation on thiol monolayers and to fabricate
structures made up of selésembled monayers terminated wittifferentfunctional groups.

In our experiments, a SAM (for instance, §-EG;-OH) is grown from solution on a
gold-covered silicon chips. Initially, the experiments were performed with the specimen put into
a small Petri dish fidd with ethanolic H&C,,-EGs-biotin solution and covered with gia Later,

a special fluid cell was designedniakes it possibléo change the solutions without moving the
specimen, so structures from different molecules-Q@4SEG;-biotin and HSC;5-COOH) or
different concentrations of the same molecule-E$SEGs-biotin) could be formed witlgreater
precision.Pulsedlaser NL 640 (Ekspla) was used irradiation sourcévavelengthof 532 nm,
with an impulse durationof approximately 10 ns The kser beam was directed using
galvanometric scanner, focused usaat-field lens (100nm). After sampleirradiation, the
obtained microstructures were visualized using streptavimbnjugated quantum dots which
selectively bind to biotin group3hei COOH aeas were visualized vigonspecific bindingof
the same quantum dan epifluorescence microscope Olympus BX&4s usell

Whenthe HS-C11-EG3s-OH SAM s irradiated, the goldulfur bonds are brokemolecules
(HS-C11-EGs-biotin or HSC;15-COOH) adsorbfrom the solutionand form a newmonolayer.
Quantumdot-conjugate revealed thaHS-C;;-EGs-biotin and HSC;5-COOH molecules form

fluorescentspotswhose radii depend on the doseiro&diation and laserfluence (Fig. 1a, b).
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Using the fluid cell, the faned structurekada more regular circular shape thénose fabricated
usingaPetri dish.

To checkwhether, in principle, it is possible to form gradient SAM structures using this
method, we performed experiments with-8§-EG;-OH SAM in ethanolic HSC,;-EGs-biotin /
HS-C11-EG;3-OH solutions of different molar ratios. We found that0mol% HSC,1-EGs-biotin
solution produces more intense fluoresescence of the formed structures than 10mGi% HS

EGs-biotin solution, which suggests higher concentratiod $iC;1-EGs-biotin (Fig. 1c, d).

a) b) c) d)

Fig. 1. Fluorescence microscopy images-EG{$SEG;-OH SAMs with fabricated microstructures from: a)
HS-C,1-EGs-biotin; b) HSC,;5-COOH; ¢) 10%mol HEC,;-EGs-biotin; d) 70%mol HSC,;-EGs-biotin.
Laser power was changed for scanning lines from top to bottom: 0,06W, 0,07W, 0,08W, 0,09W. Scale
bars are 5@m.

In conclusion, wéhave confirmedhat by irradiating selassembled thiol monolayer on a
gold surface we can form monolayer structurem different molecules. Our experiments show
that pulsd laser technologies and SAM chemistry can be integrated to produce biological
microarrays In particular,SAM gradientscan be obtainetbr use in cell growth and adhesion

experiments.

[1] S. Morgenthler, C. Zink, N. D. Spencer, Surfackemical andmorphological gradients, Soft Matter, 4,
419434 (2008).

[2] D. Rhinow, N.A. Hampp, Soli$upported Multicomponent Patterned Monolayers, Advanced Materials 19,
19671972 (2007).
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SURFACE MODIFICATION OF SEMICONDUCTOR NANOPARTICLES FOR LIVE
CELL BIOIMAGING
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Colloidal semiconductor nanocrystals, oftenrefeed t o as 00 g havent um
attracted considerable interest aell labelling due to their unique sizéependent optical
properties and high emission stability against bleachihgse unique propies allow them to
be used in many applications such as molecular biology, hybrid nanobiosensors and drug
delivery systems. Tuneable emission wavelength, broad absorption and sharp emission spectra,
high quantum yield (QY), resistance to chemical degranlaversatility in surface modification
makesQD very promising fluorescent markers. Howev@D synthesized in organic solvents
are insoluble in water which is a necessity for biological application tand further
modification is required.

QD solubilisation requires replacing hydrophobic trioctylphosphine oxide (TOPO) surface
with a hydrophilic coatingln this work CdSe(ZnSTOPOQD surface wasnodified using thiol
group bifunctional ligands:-ghercaptopropionic acid (MPA), mercaptoacetatic acid (T&AJ
cysteamine (CYS). Then the effects on optical properties of QD were observed using
spectroscopic methods. Differences in absorption and PL spectra after modification are presented
in Fig.1A,B respectively. The desase of absorbance at the intenaging from 400 up to
630nm was detected in baJD-MPA andQD-CYS solutiongFig.1A).
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Fig. 1. (CdSe)ZnD (c=100nM)after modification with MPATGA and CYSAbsorption spectré)
and PL spectra (B). PL spectra is normalised at excitation wavelength (405 nm) due to different
absorption.

QD-MPA and QDTGA photoluminescence (PL) intensity increased in comparison with QD
TOPO (control) while the PL intensity for QDGA slightly decreasedFig.1B). Also a red shift

wasvisible for QDCYS in PL spectra. QD PL spectral position depends on nanoparticle size,
26
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thereforethe red shift ofQD-CYS might becaused by particle aggregatiorhe increased Qb
CYS PL intensity compared with QDOPO implies thathe surface coatingf QD with CYS

moleculeghe quantum yield of Phut reduceshe stability.

/VE]CIeS e . d

i

Membranes

Nucleus \ /

10 pm

QD aggregates

Fig. 2. Fluorescence imaging of NIH3T3 cells taladfter 24 hincubation withdifferent functional groups
coating QDat 40nM concentran. AT QD-MPA, BT QD-TGA, Ci QD-CYS. NIH3T3 cell
endoplasmic reticulum and membranes were marked using DI 6chle bar-1 0 € m.

From confocal microscopy experiments was observed, that different ligands on QD surface
could determine these nanopelds uptake and localisation in cells (Fig. 2). QD coated with
MPA access the cells and accumulate in vesicles, which after 24 h. of incubation fuse each othe
into multivesicular bodies. QIDGA do not pass cellplasmamembraneand stuck within also
marking membrane structures. €I¥S aggregates in cell media and do not internalize into
cells.

All facts considered,it can be stated that QD properties highly depend on surface
chemistry and coating quality. Using surface coatiggnds with different functional groups
greatly alters both photophysical and biological QD properties. This understanding opens a patl
for better QD functionalization which allows controlling their localization in cells. In this
manner, a new powerfulabfor cell probing and biomedicine application could be created.

[1] Karabanovas, V.; Rotomskis, R.; Beganskiene, A.;Kareiva, A.; Bagdonas, S.; Grigaravicius, P.;
Greulich,; Degradation related cytotoxicity of quantum dots HREENO 2009. 454 457

[2] Pong B,; Trout B.L., Modified ligangxchange for efficient solubilization of CdSe/ZnS Quantum Dots in
Water: A Procedure Guided by Computational Studies; Langmuir 2008, 2452760
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CHEMICAL ASPECTS OF THE PROCESS OF BIOMASS GASIFICATION

M. Sosnowskj K. Kwiatkowsk?, K. Bajef

Warsaw University of Technology, Faculty of Chemical and Process Engineering
ZUniversity of Warsaw, Faculty of Physidsstitute of Geophysics

m.j.sosnowska@gmail.com

The lack of appropriate waste management is currently one of the major environmental
concerns of the world. An average citizen of a developed country produces annually 300 kg of
waste that is mostly disposem landfills. The population is growing and so is the amount of
produced wastes. It is therefore crucial to shift from waste disposal to more sustainable waste
management methods. By means of the recent directive on waste (2006/12/EC) the European
Council encourages the Member States to reduce the waste production by developing clean
technologies and to enhance changes in current waste management, especially by introducing
Athe recovery of wa s-tuse orleglamatioraon any ather paesewittyac | i n g,
view to extracting secondary raw materials or

One of the methods of dealing with organic waste is to convert it into a flammable gas by
means of anaerobic digestion or thermal gasification. THegasification is a complicated
physicochemical process that takes place in reducing (oxdgfeient) environment and
requires heat. The object of this paper is to present the process taking place idraft aip
gasifier and briefly discuss its cheral aspects.

The process consists of four distinct phases, which are: drying, pyrolysis, combustion and
reduction (actual gasification). Though there is a considerable overlap between those phases, it
can be assumed for the purpose of modelling that eatttem occupies a separate zone of the
gasifier, where fundamentally different chemical reactions take place [2]. The final product of
the process is a flammable gas consisting essentially, ?1I]NCO, CH.

In the first zone the biomass dries. Wood, whis the most common substrate for the
process, usually consists of abouti180 % water. The following process is pyrolysis which is a
thermal decomposition of the organic compounds in absence of oxygen. At common gasifiers the
process takes place intpre r at ures from 500 to 700AC and is
during the combustion of the previous load of biomass. The chemistry of the process is not well
understood [4]. The products of the decomposition are in three phases: solid (char), liduid (ta
gaseous at the process conditions, 4HHaeudi d afte
CHy).

The third phase is combustion when the char is partially oxidized according to the formulas
(1) and (2), releasing energy:

C + 02 = COZ+ 393 MJ/kgmole) (2)
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2H2 + O2 = H2 O ( 242 MJ/kg mole) (2)
Finally the gasous products of the previous processes and the hot char react in the reductic
phase according to the formulas (3), (4), (5), (6) and (7):

C + CO2 =2C0+164.9 MJ/kg mole) (3)

C + H20 =CO + H2 ¢ 122.6 MJ/kg mole) 4)
CO + H20 = CO + H2 (+ 42 MJ/kg mole) (5)
C + 2H2 = CH4 (+ 75 MJ/kg mole) (6)
CO2 + H2 = CO + H20-(42.3 MJ/kg mole) (7)

The spacial configuration of the above described phases in-drafigasfier is presented in the
figure 1 [3].
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dry
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CeH, +2Hy0 22 CO + H,
* C.H, +2C0, 2%, 0o +H,
y AC+2NO, £29, 4 CO+N,
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C+0, Egzotermic o
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2H, + 0, 275 9H,0

AIR INLET

Fig. 1. Diagram of an ulraft air gasifier.
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GAS SENSING PROPERTIES OF HETEROPHASE NANOCOMPOSITES ON THE
BASIS OF DOPED TITANIUM DIOXIDE
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Permanent monitoring and control of under explosive concentrations of burning gases, such
as methane, hydrogen, hydrogen sulfide, carbon monoxide, petrol vapemgiee and diesel
fuel vapor demanddevelopment of new stable and selective gas sensing materials.
Semiconductoand thermocatalytic chemical gas sensorgasenisingdevices for this effect as
their main advantages are small size, simplicity in desitecture, high sensitivityrobust
performanceand low price. Moreover sensitivity and selectivity of sensors can be changed by
gas sensitive layer materiahriation The operating principleof these devices is based on the
measurement of sensor outpugral, which is affected by the oxide film areramics
electroconductivitychange under the influence of tgaseousatmosphere. The main scientific
aspect of works in this area is revelation of the ways of chemical gas sensor sensitivity and
selectivity regulation by investigation of the mechanisms of the detecting gas molecules
interaction with gas sensing materiarstace and the processes of
generation.

In our research heterophase nanocomposites on the basis of doped titanium dioxide were
established to be perspective materials for gas sensing layer fornsaiitive elements of gas
sensorswere fabricated in monoelectrode variant as hollow cylinders-g&lolmethod

comprising colloidal solution hydroxidegepositionon platinum wire with twelve coils (wire

di amet ewasapplieddim) h subsequent thermal G&hasydrati o

sensing properties of the sensors were measursteauystate conditiondy applying flow
through technique. All measurements were performed in a tempestabikzed sealed chamber

at 20 AcC under controll ed h wani cdrried yout byl ect r i

voLT-amperometric technique. The sensor eut put
voltage change on the sensor under atmosphere composition change. Sensors on the basis of
TiO,-Ga03; and TiQ-In,O; were established to operate asrmhecatalytic detectors under
hydrogenrair and hydrogemethaneair atmosphere, and as semiconducting detectors under
methaneair atmosphere. Sensors on the basis of individual oxides @@ GaO; are
unresponsive to methane under investigated conditibmsas shown that minimal response of

the nanocomposites on the basis of J@&%0; and TiG-In,O; to methane and their high
sensitivity to hydrogen allow considering them as perspective systems for fabrication of selective

to hydrogen gas sensors in naikhydrogenair medium. It was shown that the value of the
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output signal of multioxide based sensors depends on kind of the doping oxide and on its
guantity. The optimal content of gallium oxide in FiQG&a0; system, which provides the best
operating chiacteristics of the sensor, is 10mol.%. In Fi@,0O3; system the value of the output
signal rises with molar ratio #3/TiO, increase in the explored range of the doping oxide
concentration.

According to the data obtained with the employment of XRD aisalyilsermal analysis,
IR-spectroscopy, scanning electron microscopy and transmission electron microscopy
improvement of gas sensing characteristics of titanium dioxide correlates with structural
chemical changes which take place with multioxide system&tom It was established that the
dominant phase in TiEGa0; system is titanium dioxide, however, its crystal lattice distortion
IS possible Formation of crystal phase of gallium oxide in the multioxide system was not
observed. Improvement of gasnsing characteristics of titanium dioxide under the hydragen
atmosphere after its doping with indium oxide is possibly specified £i(g crystal phase
formation after heat treatment and by the absence of individual indium oxide crystal phase.
Investigation of individual and multioxide sols by methods of differential thermogravimetry and
differential scanning calorimetry makes it possible to assert that the defectiveness of the structur
increases, which in turn affects electrical properties of shstem, i.e. its gas sensing
characteristics. Using multihydroxide sols for sensors formation allows obtaining highly
developed surface of sensing elements for gas molecules adsorption and catalytic reactio
passing. Changes in structural characteristicth® materials were fixed by IBpectroscopy.

The shift of T+tO vibration bands and appearance of new bands after titanium dioxide doping

reveals TiQ crystal structure distortion and multioxide phase formation.
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INTERACTION OF EXCITONS IN ZnO CRYSTALS

V.Tumas, E.Ku o k'gt Ms K & ana E.iAhisimowfs
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LT-10222 Vilnius, Lithuania
?Department of Theoretical Physics, Faculty of Physics, Vilnius UniveSsiypu | 4t e Klli o Ave.
LT-10222 Vilnius, Lithuania

vytautas.tumas@ff.stud.vu.lt

Zinc oxide (ZnO) is a promising material for modern optoelectronics. Recently interest in
investigation of ZnO and Zn®ased structures increased essentially due to achievemment
growing technology of high quality of quantusize structures along with unique electrical,
optical and crystal structure properties of ZnO itself. It is important not only for industry,
medicine and other industries, including novel optoelectronigcee, but for fundamental
investigation, tooThe oneness of ZnO among other semiconductors is due to large direct energy
gap, which ranges from.484 to 338 eV in temperature interval from 0 to 300d6adunusually
large (60 meV) exciton binding energyThese properties make ZnO a promising material for
optoelectronics and are almost ideal for LE&®l laser diodesperating in the blue and near
ultraviolet spectra region.

In this paper, various interactions of excitons responsible for optical propsrtesterial
are taken into consideration. Usuallgglastic interactions of excitons are very important for
optical properties including luminescence mechanisnsghly excited crystalwhencolliding
excitons annihilate eradiating photoasd break dow into pairs of electrons and holes, or
moves to higher kinetic energy dadhigher excited states. The various possible interactions
determine the properties of different fluorescent lines: different peak position and shape of
distribution of luminescere spectra. In order to correctly determine the nature of the
luminescence all kinds ahteraction between exciterhave been taken into accaunt

The excitonicluminescencentensitiesmaxima areshifted from ground state of free
excitonto lowerenergyside by Ey, IJ B, | B andOE, respectivelyfor thesdnteractions (Fig. 1):

a) (E1, Eis* ) Y (k ¥eh), b) (EisS, Exs2p ) Y (k ¥eh), ) (EusS, Eis) ¥ (k ¥Ezs2p ) and
d) (Eis, E1sc) Y (k ¥Eis" ).

At low temperatures, interactionsf excitons form narrow luminescence lines, but
increase of temperature leads to broadening of these lineshdhadf their maxima, except for
interaction (&<, Eis’) Y (K, E

We suggest e newminescencemechanismof exciton collisions, nankg interaction
between free and localized excitotrsteraction of localized exciton with a free exciton at low

temperatures forms a narrow line, which broadens rapidly when the temperature is increased
(Fig. 2).
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Fig. 1 Luminescence spectra formed by different exciton interactions in ZnO crystal.
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Fig. 2 Luminescence spectra formed by free and localized exciton interactions in ZnO crystal
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QUANTUM WIRE IN ELECTRIC FIELD

M.A. Belov

Belorussian State University, Physics Faculty

mpui@tut.by

Development and miniaturization in the field of electronic components has achieved the
stage, when devices make use of quantum coherent effects. There are two actual development
directions, namely, the design of new nanoscale digital electronics components and the
development of new media and systems. Materials with anomalously high Fermi surface
anisotropy are commonly referred to as-olitaensional ones. Their properties arsat#ed in
terms of one or two dimensional zone structure, while the rest dimensions are spatially localized.
It's evident, that transport characteristics of these systems are highly anisotropic, so while
conductivity in chosen directions has typical matdlehavior, in localized dimensions we deal
with jumps between layers, or even transport is denied. Analytical description of quantum
transport on disordered wires in external electric field is discussed in [1]. Landauer approach is
used there along witfirst approximation of controlling field with perturbation theory. In this
paper we give numerical analysis of controlling electric field effect ondonensional chain
represented with a curve. Also, we will consider the same system represented roithpiain
waveguide of finite length and the same shape as the above mentioned curve.

We give numerical analysis of controlling electric field effect on-dineensional atom
chain represented with a curve. Also, we will consider the same system repregdnteatrow
plain waveguide of finite length and the same shape as the above mentioned curve. Curve shape
is defined ag(z) =ae x M%), curve length is 30 nm and curve heiglis 2.4 nm.

In the first model we followed [2], where KronRenney modelith disorder is used to
calculate conductivity. Then, as in [2,3], tirmelependent Schrodinger equation was represented
as Poincare map due to the properties of scattering potential. It's known [4] that a distinguishing
feature of onaimensional modelss abnormal conductivity fluctuation. We used uniformly
distributed random potential and a geometric mean of 100000 realizations for each point to cease
fluctuations and make dispersion less than 10%. We applied longitudinal accelerating electric
field with potentialu,= 0.011 0.1 eV and transverse controlling fidlld of same strengths.

Due to the absence of naoherent scattering in the system we observed nonlinear, almost
exponential transparency dependencies on both fields intensities. The deperafenc
transparencyersus field intensity can render a possible use in Higlguency switches.
However the considered system is rather simplified. That's why we also consider a a plain

channel of finite width.
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The second model represents a nanoscale cehahel (quantum waveguide) of a finite
width and previously defined shape with one electron passing through. We use8t&plit
Fourier (SSF) method [5], a simplectic integrator of e®dt®) on a step. High amount of
calculations requires supercomputisage. Supercomputer implementation of SSF is described
in [6,7]. We simulated the same modes as in the first model and compared the results (fig. 1)
One can see that transparency in both models can be controlled by transverse field.

1 T T T T T T

0.6

In(T/Ty)

0.4 I

0.2

0 — 1 1 1 1 1
0 0.5 1 1.5 2 25 3 3.5

U/u,
Fig. 1.0Onedimensional (solid line) and quasne-dimensional (dashed line) models compared.

We have demonstrated the existence of field control irdomensional and quasine
dimensional systems. Fields of relatively small intensities can be used to contiottaty of
these systems in coherent quantum transport mode. Localization phenomena becom
exponentially sensitive to the field magnitude. Both considered models have given qualitatively

compliant results.

[1] E. Domany et al. Solutions to the Schrodingguation on some fractal lattices. Phys. Rev. Vol. B28. P.
31103123 (1983).

[2] R. Quasti J. Phys. Cond. Matt. Vol. 7. P. (1995).

[3] N. Zekri et al. Compensation effect of edienensional disordered potential wells and barriers in the
presence of an elg field J. Phys. Cond. Matt. Vol. 7. P. L275 (1995).

[4] B. Shapiro. Phys. Rev. Vol. B34, no. 6. P. 43®97 (1986).

[5] Wilfredo Rodriguez. Solution of the tim#ependent Schrodinger equation using a continuous Fourier
transform. Int. J. Quant. Chem. Vol. 4@. S25. P. 107211 (1991);

[6] S. Zoldi. Parallel Implementation of the Sgliep Fourier Method for Solving Nonlinear Schrodinger
Systems. SIAM News. Vol. 32, no.1 (Philadelphia, 2005)

[7] M. A. Belov. Accuracy Estimation of Splittep Fourier method BSU News. 1 N. 2 P. 450 (2010).
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ZnO BASED HYBRID WHITE LIGHT EMITTING DIODES

T. Ser e Hisdaiff, ansl M. Willandet

! Institute of Applied Research, Vilnius Universya u | & t e Kl LoT-10R22&/ilnius9 Lithuania
2Department of Science and Technology, Linkoping Universitg08E4 NorrkopingSweden

tomas.serevicius@ff.stud.vu.lt

An improvement of lightningechnologies is a great challenge for scientists and engineers,
as it has a direct I mpact on everybodyodos | ife
cheap and should have long lifetime, together with low price. Light emitting diode (LED) is the
most efficient light emitting device that can be used nowadays. ZnO is excellent candidate for
LEDSO s, because it poses perfect optical pr ope
features and, most I mportant ctiredrZnOLuBiyGsisnple possi t
growth techniques on cheap substratés Aqueous chemical growth (ACG) is excellent
technique for nan® ZnO growth. It requires low temperatures, ordinary chemicals and simple
substrates without gmeed of special treatment][Zhe only drawback of ZnO is poor quality
of pi type layers. This problem is solved by using hybrid inorgamigganic semiconductor
heterostructures of-BnO and @ type organic semiconductor. Organic semiconductors can be
easily doped and they can éasily introduced into various semiconductor structures.

I n this work, we report on growth and char a
plastic substrate. Nanostructured ZnO nanorods (se&)faf.2i 3 mm length and average 150
nm diameter were gwn utilising ACG method on the tgmly (3,4ethylenedioxythiophene)
poly-styrenesulfonate (PEDOT:PSS) and poly (@i&ctylfluorene) layer system. Detail growth

steps are described in réf.

Fig. 1. Scanning electron microscope picture of ACG grown ZnO nanorods array. The aver
diameter of nanorods is in range of 2@ nm.

PEDOT:PSS layer is used as an electrode and PFO is used for the light emissiofi at blue
green range. White light @an O LEDG6s i s being pgreed-tedlght by mi x
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from PFO layer and UV, blue and red light from ZnO nanorods (se2)fidhe usage of PFO
layer improves the intensity of light emission in visible range.

ZnO

10°
ZnO+PFO ZnO+PFO

' i

10 |

10° |

Luminescence int., arb. un.

——LED
— PFO layer|
10°

L L L L
300 400 500 600 700 800
Wavelenght, nm

Fig. 2 Photoluminescence spectra of ZnO LED structure (black curve) and PFO layer (red curve). Ex
density is about 2 mW, CW, room temperature.

Room temperature electroluminescence spectra (not shown here) consist of three bands
448, 469 and lmad band at about 541 nm. Calculated colour rendering index (CRI) and
correlated colour temperature of Kfhite ZnO

In this work, a model of hybrid ZnO based white LED on flexible plastic substrate was
demonstrated. fle quality of white light is described by the CRI index of 68, which later can be

improved by tuning spectral properties of LED.

[1] H. Morkoc, U. Ozgur, Zinc Oxide (Wiley VCH, Weinheim, 2009).

[2] B. Postels, FH. Wehmann , A. Bakin , M. Kreye, D Fuhrmann, Jadsing , A. Hangleiter, A. Krost, A.
Waag, Controlled lowemperature fabrication of ZnO nanopilars with a -ele¢mical approach,
Nanotechnology 18 195602 (2007).

[3] N. Bano, S. Zaman, A. Zainelabdin, S. Hussain, |. HusginNur, M. Wilandet ZnO-organic hybrid
white light emitting diodes grown on flexible plastic using low temperature aqueous chemical method, J. of
App.Phys., 108, 043103 (2010).
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KERR MICROSCOPY: HOW TO SEE MAGNETIC DOMAINS?

B. Olbromska

AGH University of Science and Technology, Faculty of Physics and Applied Computer Science,
Department of Solid State Physigsakow, Poland

basia.olbromska@gmail.com

Research done in some last decades shows an interesting property of very thin layers of
some materials. It seems that for properly low thickness of the layer, materials exhibit behavior
like a two- dimensional objects. It results a new features, phenomand subsequently novel
application.

Materials, called Artificial Antiferromagnet®AF), consist of flms made with properly
selected substances and with specified thickness [1]. AAF behave like natural antiferromagnets:
elementary magnetic moments irat@rial are antiparallel ordered. Moreover, thanks to careful
selection of preparation parameters, such substances show new, important features:
perpendicular magnetic anisotropy and interlayer exchange coupling. Both of them are really
useful in magneticecording information, especially in®alledspin valveg2].

Unfortunately, measurement of magnetic properties such films is extremely difficult,
because of their low value: about16s. Magnetooptical Kerr Effect (MOKE) is one of the best
method forthin films investigation [1]. It causes changes in polarization and intensity of light
reflected from magnetic substance. It is possible to watch in real time, with rather simple
equipment, changes in magnetization uslegr Microscopy

How make suchMOKE measurement? How special AAF samples are prepared? Some

experimental results and a little of theoretical base of phenomena will be presented.

[1] Gr ¢nberg P. A. & Pierce D. T., Multilayer: interlay
Tecmology, Elsevier Science, 2001)

[2] Wolf S. A. et al., Spintronics: A SpiBased Electronics: vision for the Future, Science, vol. 294, no. 5546
(2001)
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STIMULATED EMISSION IN HIGH -AI-CONTENT AlGaN QUANTUM WELLS
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getjonas@gmail.com

[ll-nitride wide bandgap semiconductors assential in the creation of solstiate
ultraviolet (UV) light sources and detectors. These devices are expected to have a wide
application range in medicine diagnostics, therapy, detection of biological and chemical agents
water purification and datastage.[1]

UV lasers are based on AlGaN materials and decreasing the emission wavelength require
high-aluminumcontent AlGaN layers in active region. Although recently AlGaN epitaxial layers
have received much attention and investigative efforts, obsemvati stimulated emission has
been complicated even under optical excitation and data on it is very scarce. Situation is eve
worse for high aluminum content AIGaN/AlGaN multiple quantum well (MQWS) structures.
Also, the development of AlGalRased UV lasefaces technological growth problems, which
cause low quality of layers and result in an increase of the threshold of stimulated emission o
even in the vanishing of it.

In this report, we present the study of stimulated emission and its properties ail AlG
MQWs structures with different well width: the well width in different samples varied from 2.5
to 5.0nm. Aluminum content in the wells and barriers was equal &b 3d 490, respectively.

The samples were investigated by photoluminescence (PL) cpamby; measurements were
carried out in a wide temperature range off ZDOK under various excitation power densities
(0.2-10 MW/cm?). Stimulated emission was measured in edge emission configuration.

We demonstrate stimulated emission threshold deperdern temperature for different
samples. While stimulated emission threshold increases with temperature as expected, th
threshold temperature dependence is somewhat different for structures with different quantun
well width. Additionally, we show that éhpeak position of stimulated emission band does not
exhibit obvious shift with increasing temperature, once spectra are shifted »alaxig to
compensate temperature dependence of bandgap (se®).Fithis behavior of stimulated
emission may be explaidéby norequilibrium carrier recombination from states localized near

mobility edge.
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Luminescence intensity (arb. u.)
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Photon energy (eV)

Fig. 1 PL spectra of AlGaN/AlGaN MQWs sample withrh wide quantum well at different
temperatures (indicated) under excitation power densiyM¥V/cnt. The positions of spectra are
shifted alongc-axis by respective energy value to compensate tempedgpendent bandgap change,

calculated formVarshniformula.

[1] S.Nakamura, S.FChichibu, Introduction to Nitride Semiconductor Blue Lasers aigthttEmitting Diode
(CRC Presd,.ondon 2000).
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OPTICAL PROPERTIES OF MBE -GROWN ZnO/CdZnO EPITAXIAL LAYERS

M. StasinasM. Kar ,&l.i Knuak gt i s
Department of Semiconductor Physigaculty of Physics, Vilnius Universitg,a u | at eklli o Av e
LT-10222 Vilnius, Lithuania
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Researches of epitaxial ZnO layers and D#3ed ternary compounds, such as CdZnO are
of increasing interesdue to large exciton binding energy of arotimeV in zinc oxide and
recent technological achievements in fabrication of various-@as2d structures [1]. The unique
exciton features lead to efficient radiative transitions of excitonic nature forbas@ light
emitting devices working at elevated temperatures. Temperature dependent photoluminescenc
(PL) spectra of the samples helps to determine the quality of epitaxial layers as well as to derive
parameters that might help to describe the behaviartofd devices based on these layers.

The PL of the four MBEgrown ZnO/CdZnO quantum structures samples were
investigated using 10 mW continvesive HeCd laser with emission wavelenght of 325 nm as
an excitation source. The temperature dependent PL spesteameasured utilizing the closed
circuit He cryostat, which allows the stabilization of the sample temperature in the range from 8
K to 300 K. Structures of all the samples are depicted in Fig. 1.-My&r sample structures
resulted in more complexterpretation of observed PL peaks nature.

Sample A Sample B

HT-ZnO AF\
LT-ZnO T CdZn0 HT-ZnO
GaN
u-GaN
MgZnO

Sample D

]
ZnO 1

——CdO0

u-GalN

Fig. 1. Sample structures. HT marks layer, grown at high temperature, LT marks layer, grown at low
temperature.

The dependences of the PL peak energies, which where all attributed tmandadge
(NBE) emission, on temperature were fitted using empirical Varshni [Eq. (1)] andEBostein
[Eg. (2)] relations [2]:
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peaks of ZnO epilayers as well as CdZnO NBE emission peak.

Cd molar fraction in CdZnO epitaxial layers where estimated to be around 15%, 9%, 19%
and 16% for samples AD respectively.

PL intensity and full width at half maximum (FWHM) dependencesample temperature
were in good agreement with the ultraviolet ZnO PL peak being of excitonic nature. Large
FWHM values for CdZnO epilayers of all the samples refers to worse crystalline quality whereas
NBE PL peak is redhifted with incorporation of CdNevertheless, formation of muptiple
quantum well structures (CdZnO well layers separated with ZnO barrier layers) helps to improve
the efficiency of excitonic transitions by increasing their localization preventing carriers/excitons

from nonradiative recohbination.

[l] Hadi s Mor ko-, I mi t7,122009)r , Zinc Oxi de, 1
[2] Z. Yang, L. Li, Z. Zuo, J. L. Liu, Journal of Crystal Growth 312;@8(2009)
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THEORETICAL DESCRIPTION OF HYPERFINE STRUCTURE OF LASER-FIELD -
DRESSED ATOMIC STATES

A. Cinins', V. Kascheyevs®
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It is well known fact that a weak electromagnetic field can induce transitions between
guantum states. The states are said to be coupled by external field. In presence of a strong
electromagnetic field both coupled states are mixed togefiiening two so called dressed
states. Atomic states before mixing are therefore called bare states. The dressed states are split
apart according to transitionos Rabi frequenc
transition resonance frequency [$hlitting of the dressed states is called Aiiflewnes effect.

If atomic nucleus has a nonzero spin value, electronic states of the atom are split into
hyperfine levels due to electrémuclear spin interactions. Properties of hyperfine atomic levels
at presence of strong external electromagnetic field are studied in our present work. An atomic
system with both hyperfine and Aufi8iownes effect present should be treated as a multilevel
system, in which detuning of external field frequency may be difteior every pair of coupled
levels, therefore hyperfine structure of dressed states differs from hyperfine structure of bare
atomic states. In my presentation theoretical aspects of the problem will be explained, and most

recent results of theoreticallcalations will be presented.

[1] H. R. Gray and C. R. Stroudr, Jr., Autifownes effect in double optical resonance, Opt. Comm.
25, 359362 (1978).
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EVANESCENT WAVES (OR HOW TO MAKE A LIGHT SWORD)

J. Zielinska

Faculty of Physics, University of Warsaw
jz276093@okwf.fuw.edu.pl

As it turns out, investigating such a well known phenomenon as the total internal reflection
of the electromagnetic wave can still lead to interesting conclusions.

If we consider aplane wave, that undergoes total internal reflection on a flat border
between two media, the first surprising fact that arises is that the reflected wave is shifted with
respect to the incident wave on the border between the media (Gaosden shift). Moeover,
in the second medium (that apparently should not be penetrated) appears the evaneséent wave
an exponentially disappearing wave that carries no energy.

| will present the results of my attempts to tackle the following question:

What shape and speitum of the incident wave do wehave to use to obtain the
thinnest and disappearing as slowly as possible evanescent wave?

In other words, my purpose is to manipulate the shape of an evanescent wave so as to mal
it Il ook Ilike a 6light swordbo.

It turns outthat the desired shape cannot be achieved using only monochromatic light. If
the beam with spectrum is considered, it can be done, but some interesting phenomena aris

since the shape of the evanescent wave in this situation depends on time.
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RENORMALIZ ATION GROUP APPROACH TO ULTRACOLD IMBALANCED
FERMI GAS
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Institute for Theoretical Physics, Utrecht Universitguvenlaan 4, Ni3584 CE Utrecht, The
Netherlands

jogundas@gmail.com

Ultracold atomic gases are among the systems, where the quantum nature of particles is
most pronounced. Moreover, ultracold gases are under great experimental control. Not only can
they ke cooled down to extremely low temperatures, but there is also precise control of the
interaction strength. These features bring ultracold quantum gases to the prime focus of both
experimental and theoretical physicists [1].

Fermi mixtures in the strongiyteracting regime have been recently shown to possess a
rich phase diagram both experimentally [2] and theoretically [3]. In addition to normal and
superfluid phases, the magsbalanced case demonstrates a supersolid phase [3].

Supersolid is an exotic kil of superfluid, which shares the properties of both a solid and a
superfluid. Even though the existence of the supersolid phase in the said system has been well
established by medireld calculations, which give qualitatively good results, the exacsitran
temperature is still to be computed. Determining the temperature of the phase transition is
extremely important, since it will answer the question if the observation of the supersolid phase
is experimentally plausible. Our group is tackling thishiem by utilizing the renormalizatien
group, which is the tool of choice for calculations beyond nrisdah calculations, such as
needed for strongly interacting systems. Thus far, we have been able to obtain the exact chemical
potential of an extremely spimbalanced Fermi gas with strong interactions at zero
temperature. This result perfectly matches the experiment [4], as well as Monte Carlo
calculations [5]. In the future, we plan to include screening effects due to density fluctuations

and map out th&ull phase diagram.

[1] H.T.C. Stoofet al., Ultracold Quantum Fields (Springer, 2009).

[2] Y. Shin et al., Phase diagram of a temmponent Fermi gas with resonant interactions, Nature 451, 689
693 (2008).

[3] J.E. Baarsmat al., Population and mass imbalance in atomic Fermi gases, Physical Review A 82, 013624
(2010).

[4] A. Schirotzek et al., Observation of Fermi Polarons in a Tunable Fermi Liquid of Ultracold Atoms,
Physical Review Letters 102, 230402 (2009).

[5] C. Lobo et al. Normal State of a Polarized Fermi Gas at Unitarity, Physical Review Letters 97, 200403
(2006).
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BLACK HOLESOG ENTROPY
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The famous equation
S=klogW (1)
invented by Ludwig Boltzmann is well known as a connection between macroscopic and
microscopic world. Not until the discovery of quantum mechanics, had it turned out that a
volume in a phase space was a number of ntates that conserved the macroscopic quantities
of the system.

Black holes have to have entropy, because once matter falls into them, the entropy of the
rest of the Universe lowers. We are even able calculate that entropy, hoping that studying it will
prove helpful in understanding the role of quantum microstates in the theory of gravity.

Thermodynamics of black holes seems extremely odd, because the only parameters w
have areM, Q, J.Consequently, the entropy must expressed by nothing but mass, aehdrge
angular momentum of the black hole. Furthermore, the formula looks very similar to the formula
describing the area of the event horizon. We can obtain this formula from calculating action of
the gravitational field, integrating not on the event horjzmut on the sphere of infinite radius.
What does it really mean? Where are those microstates?

And what are they?
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EXCITATION ENERGY TRANSFER AND QUENCHING IN THE
PHOTOSYNTHETIC MAJOR LIGHT -HARVESTING COMPLEXES
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Vilnius, Lithuania

jevgenij.chmeliov@ff.vu.lt

The life evolved on Earth strongly depends on the sunlight harvesting occurring in all
photosynthetic organisms. reen plants the light reaction of photosynthesis is related to the
photosystenil i the huge pigmenprotein supercomplex located in ttigylakoid membrane in
the chloroplasts. Structurally it consists of the kghtvesting antenna, where the majort jodir
the chlorophyll (Chl) molecules can be found, and the reaction centers, to which the excitation
energy from the antenna is finally transfered, initiating the process of charge separation.

Another physiologically important process also related toigi-harvesting antenna is a
very effective regulation of the amount of the absorbed light energy. At high light intensity not
all the energy of the absorbed photons can be used in photochemical reactions, which can result
in the production of the singletxygeni a very strong oxidant which can damage the whole
photosynhetic unit. In order to avoid such a photodamage, plants have developed several
protective mechanisms. One of them, acting on the molecular level and dissipating the excess
energy as heats known as noiphotochemical quenching (NPQ) and, as was recently shown in
the timeresolved spectroscopy measurements [1], takes place in the majehdigbsting
complexes (LHCII). It is commonly agreed that the increasing intensity of the surdigbe<
some configurational changes within the LHCIlI which lead to the generation of additional
excitation trapping centers (probably related to the carotinoid molecules) converting the excess
excitation energy to heat. Howeverspite recent extensivaudies in this field and several
suggested modela,common consensadout theorigin of the NPQ@raps has not been achieved
so far

Since experimentally observable excitation decay kinetics in the LHCII aggregates under
NPQ conditions are mostly deixponetial, there are 2 principle ways to qualitatively describe
such results [2]. Inthe 6 mi g r-lait miaase thedexcitation slowly migrates through the
antenna until it reaches the NR@p, and then quickly relaxes (the-called slow/fast (SF)
regime). In the conversed t ¢l d pmi reganad dhe excitation lifetime is dominated by the
trapping in the NP€&enter, whereas the migration can be assumed to be relatively fast.

In order todetermine the key parameters defining the excitation kinatidsthus tayet
an insight into the origin of the NPQ, in the present work the excitation energy transfer and
guenching in LHCII aggregates was consideredemms of a coarsgrained modeljn which
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only the transfer of excitons between separate pigrpsestein subuits is treated explicitly, with
all intramo n o me r kinetics O0i nt e(rig.4)tExadtatiom wyna@micoif  t |

such a system can be calculated by solving the Pauli master equations [3]
d . -
d_F,j:a(ku B _Ki P) K P QITNPQ K\lPQip 1] 1L.=N 1)
.1

wherep; is the timedependent probability for the excitation to be found inithecomplex;k;;,
Kais and kypg Stand for the rates of the transfer from flie to theith complexes, intrinsic

dissipation processes or nphotahemical trapping, respectively.

Fig. 1.Coarsegrained model for the LHCII aggregate with aQ¢®ap in one of LHCIl monomers
(represented by hexagorirates stand forChl moleculesthick bars depict possible excitation tréars
paths between different LHCII mom@rg. While modelling, onlyexcitation transfer between different

LHCII is taken into account whereas thigiternalstrudure is neglected.

As follows from the calculationghis model can be wefltted to the experimental kinetics
assuming different values for the excitation hagprate between different LHCII monomers.
However, certain problems are encountenddle assuming FS regime: the LHCII aggregate
should be rather small, and excitation will be mainly localized on the-t&gQ Moreover, if
consideing NPQ excitation dynmaics at higher excitation conditions whensinglet singlet
annihilation starts to dominatein the FS regime the excitation kinetics of the aggregate are
almost insensitive to thimitial excitation densityConversely, the excitation kinetics in the SF
regme display strong sensitivity tithe changes in excitation density. Since the experimentally
observed kineticseveal asimilar dependence, it can be concluded that the SF regiamengze
appropriate description for the physical origin of the NPPER: he excitation dynamics is
mainly determined by the excitation migration within antenna, whereas the relaxation in the

NPQ-center takes just several ps.

[1] N. E. Holt, D. Zigmantas, L. Valkunas et al., Carotenoid cation formation and the regulation of
photosynthetic light harvestin§cience307, 433-436 (2005)

2l M. G. M¢ller, P. Lambrev, M. Reus etllmhtharvesthg n gl e
complex does not involve energy transfer tmtemoids, ChemPhysCheli, 12891296 (2010).

[3] L. Valkunas G. Trinkunas J. Chmeliovet al., Modeling of exciton quenching in photosystemRhys.
Chem. Chem. Phy41, 75767584(2009)
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LT-10222 Vilnius, Lithuania

vytautas.ab@gmail.com

During the last few decades a broad class of organic molecular materials was investigated
extensively both theoretically and experimentallyvéi¢heless, a general theory explaining all
essential electrical and optical phenomena in such materials has not yet been developed. For
different temperatures, electric and magnetic field strengths, various phenomenological and
semiphenomenological modehave been developed [2]. Difficulties arise from the great variety
and complexity of internal structures of organic molecular materials and weak intermolecular
forces between different molecules. The former property introduces anisotropy and the latter
restricts in most cases the usage of-eleetron approximation and thus the band model for
description of electronic phenomena in organic molecular materials.

The aim of this work is to simulate the charge transfer in a disordered organic molecular
materid using the dispersive hopping model [2], [5], [6] and obtain charge mobility
dependencies on electric field strength, temperature, energy disorder in a sample of finite
dimensions. Furthermore, charge mobility dependency on the sample thickness islaso to
investigated.

The following physical model of disordered organic molecular material is tmed
achieving the abovmentioned goals: a cubic three dimensional lattice constructed from
stationary poirtike nodes. Disorder of material is included bgigeing random energies from
Gaussian distribution to every node in addition to potential energy from electri¢-fegbplied
across the sample as shown in Fig. 1.

Charge transfer is simulated by letting a single charge to hop from one site to a
neighbouing site in the lattice with applied electric field. Hopping rates are calculated using
Miller i Abrahams equation:

9 Rn ,...\e.e a (Em' En)d,:I Em >En
a nQ PR — — 4§

n.m =M, expee 2@?% c kBT ?y, ) (1)
¢ 1 1 l E <E

where E, andE,, are the energies of nodesandm respectively,R 1 distance between nodes

nandm, g 1 electronic wave function overlafactor, 7, 1 frequency prefactora i lattice

constant
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These rates are renormalized into probabilities of charge hops. Knowing the thickness of

the samplal and finding the timé needed for a charge to cross the saropkcan derive charge

mobility from the equation relating it with the electric field striénlg and charge drift velocity

_d
= @

This simulation is repeated many times and the average mobility is calculated for different
disorder realizations.

We observe strong dependence of mobility on the samiplantss.

F
Ex
® ® ®
!
90 Mhm Em

z

Fig. 1. lllustration of physical model of disordered organic molecular material.

[1] ¢ . ¢ . o d dzd dz" , {. 1. skted ¢, 1. yofJqcg, Cdzj ¢ Istets dat
Cted MisOdzdzOr: (o dzj ded W dzts SdadAfsd@iy d df dde @f, s divotBd8L)Qyd d . (

[2] M. Pope, Ch. E. Swenberg, Electronic processes in organic crystals and pdly@mised., (Oxford
University Press, New York, Oxford, 1999).

[8] S. J u Organinia guslaidininkiai (Vilniaus universitetasinius, 2008).

[4] W. H. Press, S. A. Teukolsky, W. T. Vetterling, B. P. Flannery, Numerical Recipes. The Art of Scientific
ComputingT 3rd ed. (Cambridge University Press, Cambridge, New York, Melbourne, Madrid, Cape
Town, Singapore, Sao Paulo, 2007).

[5] V. Coropceanu, J. Cornil, D. A. da Silva Filho, Y. Olivier, R. Silbey, J. L. Bredas, Charge Transport in
Organic Semiconductors, Chem. Rev. 107,-938 (2007).

[6] D. Abr a md vQubbinag &. Ruseckas, A U hndsz Gemimate, chatge pai¥ a | k
recombination in sensitized photoconducting polymer, Journal of Chemical Physics, Volume 111, Number
12, (1999).
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ANALYSIS OF EXPERIMENTAL, ANALYTICAL AND NUMERICAL  MODELS OF
PARALLEL PATH MAGNETIC TECHNOLOGY

l. Dirbal, G. Arent$

! Institute of Solid state Physics of University of Latvia
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Nowadays electric motors are used everywhatdétome on the street, at work. Although
electricity has been known for more than 2000 years and an electric motor at least 200 years
their construction and materials are being improved continuotdyallel Path Magnetic
Technology (PPMT) is an advanced magnetic force control technology that is applicable to
motors, rotary actuators, linear actuators, and gener&BdT uses two or more permanent
magnets psitionedin parallel[1]. The basic magnetic ciriticonsists of a fluxsteering coilon
each flux pathlf there is no current in the caojlhe magnetic circuit then aas if the coilsloes
not exist(Figure 1) However if current flows in the flux steering cotls produce a magnetic
polarity, themagnet i ¢ fl ux produced by the coils coupl e
the result is four units of forca one pole of the device (four units, not two, is due to the squared

force law of the combined permanent maghex).

Air gap
...... L
7 = “‘“\ £ 3\ | core
-1l < 1l
1 unit S L = funit
of Foros | REREER Bl | of Force

Permanent \Flux steering

magnets coils

Fig. 1.Basic PPMT atuator (flux steering coils off)

In our work the dsign for PPMT device igerformedusingfinite- element (FE) analysis.
This model is based on reduction of 3D problem to 2D problem which is considered as accurate
for design aspect#n our research wdescribe theoreticahumerical anaégxperimental model of
PPMT device Air gap magnetic flux densityfield lines, vectors, saturatiomagneticforce of
thePPMT deviceare simulated using FEMM 4sdftware (Figure 2)

Séh \ il : s r Ea

;
)
:

T —
=
—

I s s I

Fig. 2 Calculated magnetic fieldensity, fieldlines and vectars
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Approximate theoretical analysis was made for assessment of air gap magnetic field

density usingCirculationTheoremof magnetic fieldand Bioti Savart law. Magnetic force was

cal cul ated using MaRwel | 6s stress tensor (E
14 C Co
Tik:eoEiEk"'iB.Bk'i@oEz“LiBzg[N/mz] (1)
m 2¢ m  *

An experimental model dfasic PPMT actuator imanufactured antested in dyname
bench. Mtained experimental results are compared with outpuat analyticaland numerical
modesk.

[1] C.J. Flynn, N.B. Talsoe, J.Lhildress, Parallel Path Magnetic Technology for High Efficiency Power
Generators and Motor Drives. SPACE TECH.& APPLIC.INT.FORSWAIF 2006: 3rd Symp on New
Frontiers & Future Concepts. AIP Conference Proceedings, University of New Mexico, Februar§@3, 20
Volume 813, pp. 1204212.
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APPLICATIONS OF INFRARED MICROSPECTROSCOPY FOR PREVENTION OF
URINARY STONES
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Department of Generdhysics andyectroscopyFacul ty of Physics, Vilnius
9-1ll, LT-10222 Vilnius, Lithuania

milda.pucetait@ff.stud.vu.lt

Kidney stone disease which causes the formation of urinary stones is very common.
However, the formation factors and processes are still not properly understood. Structural and
morphological analysis of urinary stones enables to determine the underlyisgscaf the
disease prescribe treatment and prevent recurrences.

The quantitative and qualitative analysis of urinary calculi is challenging due to their
usually small size, fragility and heterogeneous composition. In this work we used two
spectroscopicalechniques. (I) Fourier transform infrared spectroscopy (FTIR) combined with
KBr (potassium bromide) pellet technique allowed us to elucidate chemical composition of the
stones. 106 urinary stones received from Vilnius university hospatdriskiu klinkos have
been studied in this work. As it can be seen in figure 1, the most abundant components are

calcium oxalate and phosphaieapatite and brushite.

%

Fig. 1. Composition of urinary stonescalcium oxalate (CaOx)+apatite.CaOx+brushite, Pure uric
acid (UA), 4CaOx+UA, 5three component stones (including struvitepuée CaHPQH ,O, 7-pure
CaOx, 8CaOx+ CaHP@H,O

(I Infrared microspectoscopic surface reflectance imagatigwed us to analyse
morphology of the crossectioned stonegl]. Integral intensitiesof the restrahlen bands
obtained in tk specular reflection spectra ad@ectly proportional to the concentration of
particularchemical componenh the stone (Fig. 2Distribution of the components in the stene
is determined by processes of formation of the stones. In this work, we have experimentally

confirmed that stones can be formed in at least two ways: (I) loose stone grows in the urinary
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system from oversaturated salt solution without fixation to théswadithe system, (ll) the stone

formation is initiated on the walls. In this case the grow starts with formation of calcium
phosphate crystal on the wall of the system. Later, this crystal is being covered by calcium

oxalate.

@ " (b) T ©

Integral intensity

Fig.2. Optical (a) and falseolor infrared images of the stone constituted from calcium oxalate (b) and
brushite (c). Integral intensities of{C-O) band at 1318 cinfor calcium oxalate and.{P=0) at 1120
cm* for brushite are used for the falselor images. Dark grey color represents areas with high
concentration of the chemical component and light grey ¢admeas with low concentration or absence
of the corresponding component.

[1] J. C. Anderson et al, Analysis of urinary calculi using an infranéztospectroscopic surface reflectance
imaging technique, Urol.Res. 35 (2007)44
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Technologies with using syngas amry relevant todaySynthesis ga(ori s y n gisaas 0 ) ,
mixture of carbon monoxide and hydrogeih, is an important intermediate for various
synthesizing chemicals and environmentally clean fuels, such as ammonia, methanol (MeOH),
acetic acid, methyl formate, dimethyl ether (DME), synthetic lgasoand diesel [1]or
nanomaterialsGenerally, it is required for various#CO ratios of syngas to synthesize different
products. Forexample, H/CO ratio of 2/1 is needed to synthesize methanol, andri¢lo
synthesize acetic acid or methyl formatdso, it is known that the addition of syngas to fuels
improves the efficiency of its combustion: less time, triggering the rapid spread of the
combustion wave, the stabilization of combustion, more complete combustion of the mixture and
decreases the ant of hazardous emissions (O

Synthesis gas can be produced from coal, petroleum coke, natural gas, biomass and even
from organic wastesThe most promising is obtaining syngas from renewable hydrocarbon
sources nowadaysVarious types of dischargesrf reforming syngas: corona discharge,
dielectric barrier discharge (DBD), microwave discharge, atmospheric pressure glow discharge
(APGD), gliding arc dischargextensively studiedOf particular interest in reforming of liquid
hydrocarbons constitute disarge that does not require an additional gasification, such as
tornado discharge with liquid electrode (TD LE) [2].

Adding CQ in the reforming system for change and managemei@®ratios of syngas
is the standard approadBO, was used as a warg gas, distillate and ethanblas a working
liquid in this work. The gas flow was changing in range of-220 cni. The discharge current
was danging in the range 26840 mA. Adding NaOH tahe working liquid leads to the
stabilization of the discharge. &rsign of the differential resistance become negative in these
conditions.Emission spectra of the plasrbatweenthe electrods were investigatedEmission
spectra ofinvestigatedplasma are multicomponent and contaitensive OH bandsC, bands atomic
linesO, H, C, Na. It was found that electronic temperature {IT e ~ 3800 K, T, ~ 4000 K, T, ~

4500 K), vibration T, and rotatbn T ; temperatures is constant

[1] Xumei Tao, Meigui Bai, Xiang Li, Huali Long, Shuyong Shang, Yongxiang Yin, XiaoyanCHé-CO2
reforming by plasmd challenges and opportunities, Progressin Energy and Combustion Science XXX.
(2010).
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[2] O.A. Nedybaliuk, V.Ya. Chernyak, S.V. Olszewski, Pladigaid system with reverse vortex flow of
fitornadoo tLE)pRroblénEoframa do sci ence and technol ogy,
(16), p. 135137. (2010).
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Potentialapplication of nanosize polymers in different technologies such is trarespbrt
luminescent layers in electroluminescent diodes, sensors, and photoresistors stimulates
investigation of their optical and electrical properties. Recently the possibilityatopoiate
properties of nanosize polysilanes by incorporating them in mesoporous silica has been
demonstratedt was shown that we can control the number of embedding polymer chains, their
conformation and orientation, and their optical properties by Igimpanging diameter of
nanopores.These investigations revealed new polymer conformational states with different
degree of disordering, which are not present in polymer solutions and solidfjI&]s

In this workfour novel compositefilms based omphotoconducting silicomrganic polymer
poly(di-n-hexylsilane)PDHS incorporatedhto different SiO, and TiQ nanostructuresnamely
in nanoporousSiO, and TiG films, silica photonic crystals and silica ghhve been fabricated.
Photoelectronic properseof these composites have been studied usinlpincinescence (FL),
absorption,FL excitation spectra as well as FL degagasurements in the wide temperature
range (5330) K. The analysis of the FL spectra ttie composites shows three different polyme
conformations coexisting inside a pore: gauchens conformation and aggregatesThe
aggregate fluorescence intensity in photonic crystal iansilica gel gradually decreases by
increasing temperature,hile in porousSiO, and TiGQ films the tempeature dependences are
more complex: the fluorescence intensity gradually decreases by increasing temperature below
transgauche transition, e at higher temperatures it increases until 31Qvken aggregates
are thermally destroyg@Fig. 1).

Fig.1. Tempeature dependence of FL spectad: a) PDHS/SIQ porous film; b)
PDHS/TIQ, porousfilm. &= 280 nm.
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Fig.1. Tempeanture dependence of FL speatfaa) PDHS/SiQ porousfilm; b) PDHS/TIG, porousfilm.
A= 280 nm.

[1] A. Dementjey V. Gulbinas L. Valkunas N. OstapenkoS. Sutoand W. Watanabe, J. Phys. Chetl

(2007), 47144721.

[2] K. Kazlauskas A. Dementjey V. Gulbinas L. Valkunas P. Vitta, A. Zukauskas, N. Ostapen&ad S.

Sutg Chem. Phys. Lett. 465 (2008) 2864.
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ELECTRICAL POWER SYSTEM OF THE ESTCUBE -1 SATELLITE

M. PelakauskadM. Noorma
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ESTCubel, the first Estoniarstudent satellite www.estcube.el is a student project

which is aiming to create, build and | aunch &

primary mission will be to test the concept of the electric sola(waw.electricsailing.con) in

space for the first time. The novel electric propulsion technology based on the interaction of
charged particles with a microscopic tether will be tested together with pdrorarthe Finnish

Metrol ogi cal I nstitute (FMI), Jyvaskyl & Univer
and the German Space Agency (DLR).

The Electrical Power System (EPS) subsystem of the satellite is responsible for generating,
storing and distbuting the electrical power to other subsystems of the satellite. For other tasks,
it is also responsible for the initial startup of the satellite, beacon control, watching over other
subsystems and power consumption monitoring and control. Its corcectlaable operation is
critical to the success of the whole mission.

The projected power production of the solar cells is to be at around 2 W with an estimated
efficiency of around 75 % at the 3,3 V, 5V and 12 V output rails. Several designs with and
without an additional battery charging and discharging control step are being tested for best
efficiency and robustness.

Batterychoice is also being investigated very thoroughly. 4 differerthatshelf batteries
from different manufacturers are being tested for best sgackness. The tests involve various
current tests at various temperatures, cycling, vacuum and vibrasisnaind radiation resistance

testing.
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Permanent magnet (PM) rotors are very successfully used for pumping and stirring of
liquid metals [1] due to fact that they are Aamasive and do not loose energy in windings as it
is in 3-phase inductors classically used for such tasks. Though in practice PM systems are bein
used only in metals that are relatively cool like Li, Na, Hg or some eutectics {Ba-8n due to
fact that PM produce relatively high fields only at small dis&s, but hetiquid metals like Iron
or Aluminium requires significant thermal isolation layer and therefore magnets can be put only
at significant distance from metal making them ineffective. So there was set task to optimize PM
configuration to achievdigher fields at further distances. Considering the optimization task
regarding the most efficient stirring and/or pumping efficiency it was proposed that, if the
distance of the liquid metal region from the surface of the magnetic rotor is not veryamall,
single cylindrical permanent magnet may turn out the best option [2] in respect to traditionally

used multipolar designs (Fig.1.).

Fig. 1. Magnetic rotor with arbitrary number of magnetic pole pairs N (left) and a single ticagdjpele
cylinder (right).

Rotating magnetic cylinder produces alternating magnetic flux in the surrounding space
and induces vortical electrical field. Induced current in conducting media, interacting with the
magnetic field, results in electromagnefmrce proportional to a square of magnetic field
induction and first order of the frequency. It is obvious that a single cylindrical PM, a magnetic
dipole, would produce maximum of induction comparing to any other rotor with higher number
of magnetic pols. Therefore a small scale model was built to test experimentally the feasibility
of such a stirrer for practical tasks of metallurgy.

Modern rareearth permanent magnets tend to ideal when magnetization is nearly uniform

all over the volume and relativeagnetic permeability is nearing 1. Therefore, two dimensional
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magnetic field of a cylindrical magnet with remaneBgé&ansverse to the axis of a cylinder, and
radial extenR >> W (W - axial length of the magnet) at a distaihcieom the axis of the magnet

may be given by a simple expressions (1) in polar coordinates

2 (1)

These simple expressions alloweslto calculate also analytically output parameters of
such system. As these results were close to oliesned experimentally, it was possible also to
compare results with multipolar rotors and calculate if similar systems could be used in real
metallurgical applications.

After first experimental tests it seems that a cylindrical magnetic dipole rototbmay
promising option to consider for practical tasks in metallurgy for stirring or even transporting
molten metal, moreover when high temperature and/or erosive action of the melt require thick
refractory wall thickness of the melt containing enclosUiigere were also proposed more
complex systems with two, three and more rotating PM cylinders in series coupled magnetically
or mechanically which gives possibility to create more powerful systems and systems that create
completely different flow patternsyhich are more perspective rather for stirring than metal
transport.

[l]Bucenieks | .: Perspectives of increasing efficiency
14th international conference on nuclear engineering, Miami, Florida, USAL 32§, 2006.

[2] Bojarevics A., Bucenieks I., Gelfgat Yu.: Flow at the Liquid Metal Surface Subject to Rotating Magnetic
Field. PAMIR 2008, pp.27-275.
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Granular metadielectric nanocomposites have becomeitquattractive migrials to
develop spintronic devicegmagnetic sensors, high frequency nasaillators, spintronic
transistors, magnetic storage devices dbegause of their unusual physical properties. The
advantage of such nanocomposite materials that contain soft ferromagnetic nanogranules coatt
with dielectric matrix igelated tahe appropriatgroperties combinatigrsuch as ilgh saturation
magnetizabn Ms (° 200 emu/g), low coercive forclc (less than 100 Oghigh electrical
resistivity  and high negative magnetoresistanddR=ag /} =(} (H)-}0)/} 0~5 %). It has been
shown experimentally that physical properties of granular filepend orchemical composition
of nanogranules and matyixhe shape and size of nanogranules, their structural order and
possible surface oxidation, thicknes$ insulator layers and state of the interface between
nanogranules and matrix. In this work wesent astudy of the magnetic and magnetotransport
properties of granulafFeCoZr}(Al,03)1x (35at. %¢ x O 4 @t. %)thin films with respect to
their structure. Two kinds of samples wenmthesizd by ionbeam sputtering in pure Ar (Ar
series) or mixed Ar +O, (Ar + O, series) atmosphere The electron transport in such
nanocomposites proceeds by intergranular tunneling when the concentration of metallic granule
is below the percolation threshold $2% for films of Ar series). Granular fims of Ar+O series
do not reveal percolation (formation of metallic curreohductive cluster) even at metallic
contribution as high as 64 %.

Complementary study of the magnetic structure characteost{&eCoZry(Al,O3)1 001 x
coverirg different concentrations of metallic phase was performed gsimdpination of atomic
force (AFM)}magnetic forceni cr oscopy ( MFM) met hod. MFM t @
of Ar and A+0O, series with three studied compositions (FeCagfl.03)s7,
(FeCoZ)45(Al03)55 and (FeCoZiu(AlOs)ss d i f f er gr eat of\Ar seriestMFM t h e
study of x=33 at.% composition showed no magnetic interactions between the isolated
nanoparticles, forx=45 at.% the labyrinthlike structure of ferromagnetically interaug
nanoparticles and fox=36 at.%it was shown the stripike structure thatt o n gd the
formation of magnetically ordered net of imetallic granulesThe study oMFM images ofAr
+0; films seriesshowed ncevidence tderromagnetic interactiohetweemanoganules and that

proves the oxidation of FeCoZr nanoparticles during fétication of nanocomposite films.
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This conclusion is strongly confirmed with direct observation of metallic-opide shell
structure with transmision electron micropgoThe sameshould be deduced basing on fietd
dependencies ahagnetization NH) as a functiorof temperature (5300 K) for three studied
compositions from Ar series (x=42,47,50 at.%) and Ap $€ries (x=35, 5559 at.%). For all
studied compositios of Ar +O, seriesFeCoZr granules should rather be considered as non
i nteracting and superparamagnetic (SP).= This i
300s as at quite |l ow temperature (50 Keiesand frc
M(H) of film (FeCoZr)x(Al.O3)ssat =30s s howed no ferr betweenneti c |
matellic nanogranules that should be assigned to tBér state Granular films of
(FeCoZr)(Al,03)s3 composition revealed similar M(H) behavior, whilEeCoZr}o(Al,03)s0
film evidencedpartial magnetic interaction betweErCoZr granules. The magnetization curves
of nanoparticles in SP state can be analyzed within the framework of the Langeven theory of
paramagnetismFor nanogranules &r + O, seriesand neglecting their metal ceoxide shell
structure their medium diameters <D> could be roughly estimated lyngevinapproximation
of M(H) curves as 2,99m for thecomposition x=36 at.%, 5,6 nm for x=55 at.%, 6,2 nm for
x=61 at.%. For granular fiimef Ar seriesthe same tendency ofD> growth with metal
concentration has been observed, particulaip=6,2 nm forx=42 at.%, <D>=11,4 nm for
x=47 at.% This tendency in a good agreement with MFM data that detected the increasing of
magnetic contributio with metal concentration growth in studied films.

MR of nanocomposite films from both Ar and ArzQeries were investigated with
different FeCoZr concentratiorx€42,47,50 at.%for Ar series) andx=35, 55, 61 at.%or
Ar+0,). Concentration dependency MR at Hhax © 3 kOerevealed twice higheeffect for
oxidized film as compared to naxidized onelt shouldto mention that oxidized films have
much higher magnetisensitivity S (S is equal to variation of MR when magneticdiél is
changed on 10 kOe) and much higher resistidtytainedabsolute values afegativeMR effect
at higher magnetic fieldHmnax © 80 kOe), values of resistivity anthagnetic sensitivityfor
oxidized and notoxidized granular films as a function of metallic contribution are summarized
in the Table 1.This evidenceghat incorporation of chemically active impurities like oxygen
during preparation procedure of theCoZrAl,O3 has a greatmapr oach f or tuning i
and magnetotransport properties.

Table 1
Composition, x % | MR, % | J, mOh 1 S, 1/0Oe| Composition,x % | MR,% | |, mOh 1 S, 1/0e
Non-oxidized Oxidized
42 3 1,20 2,4 35 55 540 1,3
47 0,8 0,16 0,5 55 6,3 3,16 4,2
50 0,5 0,08 0,2 61 54 4,6 3,2
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DEVELOPMENT OF ESTONI AN A NUCLEAR IENANR SBECLEAR
SAFETYO0O MASTEBRAMS PRO

A. H. Tkaczyk
University of Tar t u;105 TartutciOiOuBsteniaof Physi ¢
alan@ut.ee

In 2009 Estonia approved the National Development Plan for the Energy Sector, including
the nuclear energy option. This can be realized by construction of a nuclear power plant (NPP) it
Estonia or by participation in neighboring nuclear projects (e.ghuaitia and/or Finland).
Either option requires the availability of competent personnel. It is necessary to prepare
specialists with expertise in all aspects related to nuclear infrastructure and to meet workforce
needs (e.g. energy enterprises, public agere s , municipalities). Es
higher education and research with the support of the European Social Fund have announced
this context a new nuclear masterods currict
of instructon will be English.

Since April 2009 a committee at the University of Tatil has been working with
partnersat Tallinn University of Technology (TUTjo develop and introdwcthe completely
new joint mast erEdesgetipsrandNucie@a fibtugl eéamMhe comm
include Alan H. Tkaczyk, Arvo Kikas, Enn Realo, Marco Kirm, Madis Kiisk, Kadri Isakar, Siiri
Suursoo, Rein Koch, Eduard Feldbach, Aleksandr Lushchik, and Kaido R&hislhew degree
curriculum complies with the Europeartofnic Energy Community (EURATOMjreaty and
takes into account International Atomic Energy Agency (IAEA) and European Nuclear
Education Network (ENEN) recommendations. It is based on consultations with the premier
Estonian energy company Eesti Energia, Bmvironmental Board Radiation Department, and
international scientific contacts.

The curriculum consists of the following modules:

1) General subjects module which provides students the basic knowledge on nucleal
physics and technology.

2) Nuclear enerdgies module providing a theoretical and applied fundamental knowledge
of nuclear fuel cycle. This module includes handshuclear reactor training.

3) Nuclear safety module which handles nuclear and radiation safety, including
radiological assessment.

4) Electives for quality management, economics, measurements, reactor dynamics anc
practical experience.

5) Free electives to broaden horizons or complement specialized knowledge according tc

needs and interests.
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6) Master 6s semi namws,ora grédsenthtiomsgand ekcurgonsat ur e r ev
7) Masterods thesis, which develops knowl edge
the specialty.

-~

0l UNIVERSITY>TARTU

Master of Science in Engineering

NUCLEAR ENERGETICS
AND NUCLEAR SAFETY

The master’s programme in Nuclear Energetics and Nuclear Safety provides students with the specialized
nuclear knowledge and training necessary to contribute to the international field of nuclear science and
engineering. The programme is jointly delivered by the leading institutions of higher education and
research in Estonia' - University of Tartu (UT) and Tallinn University of Technology (TUT).

2 Vi ) Students tour the AS ALARA
Overview w 4 | s

ear
The c

www.ut.ee/nuclear

Fig. 1.Promotional flyer for the new curriculum.

Upon completion of the curriculum the graduate is expetctédive systematic knowledge
of the physical and chemical basis of nuclear energetics and the technologies used in nuclear
power plants; has acquired an overview of the management of nuclear safety and emergency
preparedness; understands nuclear safetgsament methods, international nuclear regulatory
requirements on construction, operation, monitoring and control; understands nuclear safety
culture and safety requirements; is able to assess risks associated with nuclear energetics; has
expertise in mesuring ionizing radiations and doses, analyzing measurement results, and
assessing radiological impacts; is able to participate and defend his/her scientific views in
discussions related to the profession, and communicate with both specialists pedadists;
is competent to be employed in the nuclear field, or to pursue doctoral sidigsnts from all
countries are encouraged to apply to the program at the websiteut.ee/nucleaand there are

some scholatsps available.
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FORSTER RESONANT ENERGY TRANSFER FROM TWO-PHOTONS EXCITED
QUANTUM DOTS TO CHLORIN &

G. Dauderi§ A. Skripk&, J . V af, & BdgdohdsamdRt Rotomskis 2

! Department oRuantumElectronics Faculty of Physics, Vilnius Universitg,a u | 4t e &l o Av e .
LT-10222 Vilnius, Lithuania
2|nstitute of Oncologyilnius University, Baublio 3 LT-08408Vilnius, Lithuania

Artiom.Skripka@ff.stud.vu.lt

Semiconductor quantum dots (QDs) amensively studied for different applications.
Sizedependant photoluminescence (PL) spectra, broad and intensive absorption spectra, high
photostability and flexible surface modification make QDs attractive as energy donors for
different biological flusophores[1], including porphyrirtype moleculeqg2]. Porphyrins are
typical light activated drugs for the photodynamic therapy of cancer (PDT) with the high singlet
oxygen quantum yield and preferential accumulation in tumour. However, the smglhotan
(TP) action cross section limits their applicationTP-PDT. This problem can be solved by

using QDs as energy donors to activate the porphyrin sensitizers.

T 4
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Fig 1. The photoluminescence spectra of ZX¥0QDs, 2.5x10 M Ce; and QDCe; (4x10°% M:3.6x10"
M) solutions usingwo-photon excitation at 810 nm. The region from 650nm to 720nm is shown in
different scale.

Here we present the study on Forster resonant energy transfer (FRET) from two photon
excited CdSe/ZnS QDs to photosensitizer chlogifCes).

For TPE of the samps 810 nm pulsed radiation of-3apphire laser was used. TPE
fluorescence spectra of QDs,{&ad mixed QBCe; solutions are shown in Fig. 1. The sample
of QDs displayed an intensive TPE PL at 605 nm. Meanwhile, the intensity; dluGescence

at 660 m, which is usually observed by singlaoton excitation, was negligible. The absence of
72
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TPE fluorescence indicated the small TP cross section gf @@ addition of Ceto QDs
solution caused the quenching of QDs PL as well the formation of the newsiteoice band at
670 nm was observed. Similar fluorescence band at 670 nm was obtainedde; @utions
using singlephoton excitation. This band was attributed t@ @elecules localized in the lipid
based coating of QDs [3]. Close localization of; @ QD core ensured the effective energy
transfer. The hydrophobic environment of QDs coating resulted in 10 nm bathochromic shift of
Ces fluorescence band. Similar appearance of the intensive fluorescence band at 670 rm in QC
Ce; solution confirmed the emgy transfer from TPE QDs to boundsC€he most intensive TPE
fluorescence at 670 nm was observed when QPn@xdar ratio was 1:10. The obtained results
demonstrated the evidence of indirect PS activation via TPE of QDs, which shows the primary
perspeates of using such QiCe6 complex for THPDT.

AcknowledgmentThis work was supported by the Lithuanian Science Council Student
Research Fell owship Award (A.S) and-indasvwel t i
early diagnostics and treatmentafo c e r 0 {LTO036IP-2NOR Y

[1] Medintz, I.L., Uyeda, H.T., Goldman, E.R.,Mattoussi, H. Quantum dot bioconjugates for imaging, labelling
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PERCH (Perca fluviatilis) STOCK EXPLOITATION BY GREAT CORMORANTS
(Phalacrocorax carbo sinensjsAND FISHERY IN THE CURONIAN LAGOON

E. Jaku'haGi'Pi Ly Gofné? R. RepRe| kBlhkontait a

'Nature Research Centreaboratory of Marine EcologyAkademijos st. 2, LiD8412 Vilniu$
21, Lithuania
?Department of Primary IndustrieQueenscliff Research CentR) Box 114, 2A Bellarine Hwy,
Queenscliff VIC 322%Australia

ejakubaviciute@ekoi.lt

Perch is @ importantfish speciesn the Curonian Lagoon fishery as well as prey species
in the diet of Great Wrmorant (Phalacrocorax carbo sinensisfishermen often consider
Cormorants as competitors aachecessity appears ¢évaluatehow these two mortality factors
interact with each other and affect perch population in the Curonian lagmoimg to evduate
the interactionage structure of perch population in the Curonian Lagoon was assEssed.
were aged using otoliths collected in 2009 and 20&£744). Otoliths have been processed by
cutting and submerging into polyester resin on microscopesssha@ual rings were identified
and counted usingight microscope. Backalculation was performed by measuring growth
zones; different mean temperatureshaf pasgrowth seasons were used for age correction.

The dtained sizeatage data were used fagstimation of growth and mortality
parametersof perch population byemploying FAO FISAT Il software [1]The analysis of
length-atage data showed an asymptattal length (Lp) of 49.99 cm and growth curvature (K)
of 0.13 yi.

The selectivity of Cormorans @iet and commercial 40i 45 mm gillnet fisherywas
evaluatedin 2009 and 2010Cormorant diet wasstudied by analysing pelletgfor detalil
description see [2] collected at the Juodkra@nt c o | o n y PefciNwas 6r@ )of. the most
important fishspeciesby biomass and numbeintributing to the diet 19% and 18.7%
respectively.Sets of various mesh size (1%-21.52530-33-38-45-50-70 mm) gillnets were
used for fish sampling, perch length distribution and fishery selectivity evaluation.

Compaison of different cohortgh catchesobtained as the result of the research surveys
in 2009 and 2010 revealed that survival of 4,-§eér old individuals was 53.4, 19.5 and 13 %,
while instantaneous mortality rate (Z) was 0.27, 0.7 and i@8&ectively Increasing mortality
rates from age groupdid not fit withCor mor ant sé6 sel ectivity, whi ch
onli 3 years oldperchindividuals Fig. 1).1 n contrast to Commescialant s6 p

407 45 mm gillnetfishery targets andiminates 4i 6 years olgerch.
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Fig. 2. Length distribution of perch i ni46immagill@etsy mor
in contrast to lengtat-age distribution (solid line).

Our study demonstragethat direct competitiorbetweenCormorantsand commercial
fishery for perch stock iweak On the other han@ormorants consume large amount of pérch
approximately 140160 tones in 201@ccording to the diedttudyexceedingeportedcommercial
landings by fivefold. However, @rmorants exploit young age, mostly premature perch and
mortality caused byhe predation might be compensated by loweraspecificcompetitionand
reduced natural mortality caused by other fact&rsmluation ofCormorans émpad on perch
stock needs furthestudieson the dynamics offish cohors, including such parameters as

recruitment and production.

Acknowledgements.The study was granted by Research Council of Lithuania (grant No.
LEK-24/2010).

[1] Gayanilo F.C., Sparre FPauly D. FISATIIFAGI CLARM st ock assesment tool
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AEROSOL SPECTROMETRY: PARAMETERIZATION OF SUB -MICROMETER
AEROSOL PARTICLE SIZE DISTRIBUTION DURING NUCLEATION EPISODES IN
PREILA

V. Ulevicius, S. Kecorius

Center for Physical Sciences and Technol&avanoriu ave231, LT-02300, Vilnius, Lithuania
simolas2000@yahoo.com

Atmospheric aerosol particles, which are very small and suspended in the air, affect the
Earth's climate by directly scattering and absagliimee atmospheric radiation and indirectly by
acting as cloud condensation nuclei and modifying the optical properties of droutieermore,
human exposure to fine particulate matter is associated with adverse impacts orhkaltian
[1] and the environent [2]. Because of the high variability of the properties of atmospheric
aerosol particles, simplification are needed before the parameterized particle number size
distribution can be used as input data in global climate md8gls.

In this work we focs on the strongest nucleation episodes:

200904-06, 200904-19, 200904-21, 200905-10, 200905-13, 200905-23, 200905-26,
200906-12, 200907-27, 200908-04, 200909-20, 200910-10, 200911-23, 200912-01. The
aerosol particle concentration measurementere performed at the Preila environmental
poll uti on research s makloveosea |gved)5irA Bié cobistal/mariheA 0 0 ' E,
environment. Scanning Mobility Particle Sizer (SMPS) spectrometenufactured by IfT,
Germany and Condensation Parti€leunter 1500 (CPC), manufactured by Institute of Physics,
Lithuania were deployed at the site and providedties, continuous measurementsagirosol
size distribution and aerosol concentration.

Aerosol particle size distribution was parameterized [i3ing multi log-normal

distribution

f(Dp’D—pg.i’Ni’o-g.i):

N, [log(D, )-10g(D,,,, )}
P m § exp{— 2log’ (O-g.i ) } (1)
presented by Whitby4]. The main objective of the fitting is to obtain the -ogrmal
parameters: geometric mean diamé&grmode number concentratidh and standard deviation

Sg, that best fit the measuredrficle number size distribution and thus describe the properties of
the atmospheric aerosol particle formation.

In this study, we used DistF}t (Chimera Technologies, USA) software that parameterizes
aerosol particle number size distributions with thelti log-normal distribution functions.
DistFit™ software revealed that there were three modes in aerosol particle number size
distribution during nucleation episodes in Preila. Selected size ranges for modes were:
Nucleation: 3- 20 nm, Aitken: 20" 100 nm, Accumulation: 100 1000 nm. Parameterization
showed that main multi legormal distribution parameters afé=6.67E+04 s=1.57, Dg=14
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nm, Ni=9.18E+04, s= 1.77, Dg=43.6 nm.,N;=13.94+04, 5=1.83, D,=114 nm, for nucleation,
Aitken, and accumulatiomodes respectively.
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Fig. 1. Aerosol particle number size distribution spectriYhaxisi particle size, X time of the day,
colori aerosol particle concentratiodN/dlogD,).
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NON-LINEAR MULTIMODAL OPTICAL MICROSCOPE BASED ON CARS MICRO-
SPECTROMETER

J . K A.dé&meistjev

Center for Physical Sci en¢tB0®30@Vinds, Oteuanmn ol ogy, A.
juris.kiskis@ff.stud.vu.|t

Light microscopy has greatly advanced our understanding of the world on thescateo
Various lightmatter interactions are used tovéstigate different physical properties of the
specimen, e.g. in bright field microscopy, image contrast is based on absorbance and scattering
of light. As developments in optical techniques progress, more specific and contrast mechanisms are
used, the lgher spatial resolution and higher sensitivity levels are achieved. In particular, the use of
nortlinear lightmatter interactions in microscopy has emerged as a powerful research tool for
biology [1]. In the past few years, there had been number of d@®do combine multiple nen
linear contrast mechanisms in one microscope [2,3,4,5].

In this work we present neinear multimodal optical microscope based on coherent anti
Stokes Raman scatterin@€ARS) micro-spectrometer [6] and multimodal imaging of some
biological objects (i.e. green algae, starch granukesundamental beam of picasend laser
operating in a cavity dumping reginidd:YVQO,4, 1064nm) at the 1MHz repetition ratis used
to pump optical parametric generatahich serves as a twwolor, signal beam (850040nm)
and idler beam (1060395nm), excitation light sourceExcitation beams ardirected tothe
standard ingrted microscope (Olympus IX71) afatused on the sample with an-oiimersion
objective (Olympus, Plan Apochrom., 60 NA 1.42). This experimental setup can be used for
imaging with multiple nodinear contrast mechanisms: coherent-&itkes Raman scattering,
two-photon excitation fluorescenc€REF), and second harmonic generati®HG).

Vibrational origin of CARS signal lBws us chemically selective imaging without
chemical labeling. In biology, high intensity CARS signals arising from, @Hrations are
frequently used for lipid membranes, elastin and collagen fibrils imaging. SHG signal arises
from noncentrosimetric stuctures. This characteristic of SHG signal can be used to determine
the orientation of molecules in the specimen. TPEF from-fuboescent components gives
information about the distribution of the fluorophores. Combining information from images of
different contrast mechanisms lead to better understanding of the sample under investigation.

Imaging green alga&lostoc communwith CARS and TPEF contrast mechanisms are
shown in Figure 1. The green algdestoc communhas two types of cells: normal celldieh
have chlorophyll and heterocystcells which do not have chlorophyll. Figure 1A shows CARS
image tuned to Chlvibration contrast where both types of cells are visualized. Figure 1B shows
TPEF image of chlorophyll fluorescence. In this figure heteramisis not visible.
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C CARS+TPEF

Fig. 1.Pseudo color images of green algfestoc commuusing different contrast mechanisms:
coherent antbtokes Ramagcattering(A), two-photon excitatiofluorescencgB) andoverlay of CARS
and TPEF image&C). Scale bar 10 ¢ mength.
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METHODS OF COLOR CORRECTION AND OBJECT IDENTIFICATION IN
SEAFLOOR VIDEO MOSAIC
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The combination of new underwater technology as remotely operating vehicles (ROVs),
high-resolution video imagery, anseafloor mosag creating provides new opportunities for
marine geological or biological studies. While these underwater techniques are new well
engineered, there is still a lack of methods for the automatic analysis of theedamage data.
Suchdata are mostly anadgd manually at present, which is a very labatensive and time
consuming task [1].

Research was started to create video mosaic image aalgeods, which would reduce
time-costs and human labor and increase precision in obtained data.

Mosaic is mad from individual video frames merged together through similar p{fhts
That creates problems in image color and contrast integrity. &@mentation, Color and
Contras correctionlalgorithm was made to divide image in to segmentsaatjdstcolor and

contras each frame separately (Fig. 1).

—> image contour

v : 5
. contras adjust &=
points of frame =
v 5 1 2
1B color level adjust ]

search of segmentatio| |3

function 2 <
v g
making image segment >| creating segments matriy | image compiling

Fig. 1. SCC algorithm operation sequence

This sgmentation methods based on searching andetecing two video frames
connecting poirg on image and calculating function between them. Frames comnedciims’
detection works only with standard video mosaic forms. Functions are lines separating individual
segments.

Underwater rnages typically wind up looking far more green or bédunel less reds we
move away from the object being imagg8]. So SCC kyorithm color correction method nearly
removes water effect from video mosaic by adding red and subtracting green or blu¢ceglors

2.). Method will be improved adding color intensity leveling algorithm.
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Fig. 2. Video mosaic a) before and b) aB&C Fig. 3. Object identification
algorithm was used.

Video mosaic is usually analyzed manually, and obtained data isn't accurate. So there wa
created identification method witch is semiautomatic, based on color tolerance and made ol
PhotoShop (PS) dss plugin. Object color interval is define maally using PS tool i ma gi ¢
wand and its tolerance parameter. |t i's ea
create a pattern before image analyze as it is usually used in identificatarsgi]. After
defining one object software finds all similar cotdnjects(Fig. 3).

Using SCC algorithm can increase image color contras and quahyynoticeableand
help to analyze video mosaic maecurately for human and computer softw&emiatomatic
image analyze saves time and obtains better quality data. Also Itegoires preparation

(making patterns) for image analyzes.
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GIRULIAI FOREST
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The purpose of workvas to assess variety and distributionroédicinal plants in the
Giruliai forest. Researches were performed in of 28@® 2009n the Giruliai forest which is in
the territory of Klaipeda town. To get more accurate results were ci@fgpiots in different
locations. The width of each plot wase hundred square meters. Tietypes of medicinal
plants werefound in the researched plot®ryopteris filixmas, Linaria vulgaris, Tanacetum
vulgare Thymus serpyllumUrtica dioica, Melampyrum nemorosynMelampyrum pratense
Silene vulgaris Achillea millefolium, Viola tricolor, Centaurea cyanuand Calluna vulgaris
speciesAll these species are very frequent in Lithuania.

During researches was measured heigh of plant, weigh mass of plants, establish
phenological phase and status. During researel, apply coefficient of correlation and linear
regression analysis.

The most prevalerfterbal wasCalluna vulgaris(frequency of occurrencg7,57 %)and
Melampyrum pratens@requency of occurrence B8 %).The least prevalent herbal wela
tricolor individs (frequency of occurrence 0,%%). The most of medical plants status was good,
there was no injuring. Onlfentaurea cyanustatus was at an average, with insignificant
injuries.

There was a very strong positive correlation between heigh and wengédatal plants (r
reached from 0,82 to 0,99; p O 0,05).
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MERCURY CONCENTRATION MEASUREMENTS IN LAKE SEDIMENTS AND
WATER IN WESTERN LATVIA
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Water is very important for all living organisms but it afsays an important rolen the
transport and cycling of toxic elements, including Hg, in nature, so it is necessary to control

concentration rates in order to prevent pollution, especially in drinking water.

Mercury was analyzed isediments from Engures lakad watersamples fronL i e p Uj a
lake and several rivetscated inwesternLatvia (Venta, Slocene)lhe mercuryconcentration in
sampleswas analyzed using mercury analyzer -BE6+ and its attachments RFLC (for
sediments) and RP1 (for water)

Method sed for the mercury determination sedimentss based on the atomization of
mercury contained in the sample in an -REC attachment and subsequent mercury
determination by flameless Atomic Absorption Spectroscopy (AAS) in a mercury analyzer RA
915+. Usig mercury analyzer RA15+ together with attachment RRC allows determination
of mercury in soil and other similar samples without specific sample preparation and mercury
accumulation on a sorbent.

Mercury concentration in water was determinedalbymizaion of mercury cordined in
the sample in an RP1 attachment and subsequent mercury determinatioCdig Vapour
Atomic Absorption SpectroscopyC¥-AAS) in analyzer RA915+. Chemically pretreated

(mineralized) and untreated samples were analyzed. Theatmon of the results will be

shown.
Profile of concentration distribution de
sedi ment s. Determination of sediments | ayer

changes in time and sedimentatigiocity.

For water samples detected mercury concentrations varied between 0 and 1,5 ng/l and tht
they were below analyzerds detection | imit
water bodies is free of mercury.

Acknowledgments The work wagartly supported by European Social Fymdject Nr.
2009/02D/1DP/1.1.1.2.0/09/APIA/VIAALOO.
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INFRARED SPECTROMETRY METHOD FOR THE PREVENTION OF KIDNEY
STONE DISEASE
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9-1ll, LT-10222 Vilnius, Lithuania

sandra.tamosaity@ff.stud.vu.lt

Kidney stone disease affects about 10 percent of the people [1]. Therefore, emerging
kidney stones should be found as early as possible. However, usually kidney stones are only
found when they have already formed, mainly big and cause severe pain. To suggegima so
to this problem the hypothesis was set: infrared (IR) spectrometry method could be informative
enough to investigate human urinary sediment composition and identify the crystals in the
urinary sediment which are highly responsible for the kidnegestormation. Urine which is
saturated with these materials usually signal about highly anticipated or already existing kidney
stone in organism [2]. Continuous monitoring of the patients’ urinary sediment composition and
its changes could be a way to potdhe formation of the kidney stones and then take certain
preventive measures to stop kidney stones from growing further.

The urinary sediment samples of Santariskes clinics patients' were tested during the
experiment. All spectra were registered udtogirier transform IR spectrometer (FTIR) Bruker
Vertex 70. Firstly, centrifuged urine was evaporated until only crystals of urine sediment were
left on permeable for IR plate. Then, the IR absorption spectra were registered of these samples.
Using the sam method the urea sample was prepared and its IR absorption spectrum registered.
Recording of the IR absorption spectrum of urea was necessary as it was immediately noticed
that urine sediment contains mainly urea. Knowing exactly in which wavelengtgsvatea
molecules absorb, it was possible to reject the influence of urea molecules absorbtion. Then it
has been analysed what other low concentration crystal materials could be found in urinary
sediment samples.

It was found that excluding urea urinarydseent also contains uric acid. This material is
one of the main kidney stones forming substances. Fig. 1. shows uric acid absord&¥® at
cm?, 1348 cnt, 1305 cnt wavenumber valuesAlthough uric acid also hasharacteristic
spectral absorption bands 3160 cni - 2550 cni* region, it is likely that because uric acid
molecules concentration is low these bands are disguised in the inclined part of the spectrum of
the corresponding interval. By forming urine sediment and urea differential spetitea, low

concentratiorcrystalline substansavere bund inthe urine sediment.
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Fig. 1. Urine sediment, uric acid and urea spectra

Thus, the selected spectral method is sensitive and informative enough to identify low
concentrabn crystal materials in the urine. Analysis and proper interpretation of patients' urine

sediment composition changes could make this method a viable technique for kidney stone:

surveillance and prevention.

[1] N. Bullock, A. Doble, W. Turner, P. Cuckow,Urm gi j os vadovas (VaistO ¢gini
[2] J.H. Parks, M. Coward, F. L. Coe, Correspondence between stone composition and urine supersaturation i

nephrolithiasis, Kidney Int. 51, 898100 (1997).
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The easternAtlantic harbor seal occursaround Svalbard,Iceland, the British Isles and
Ireland,in Norway up to Finnmark,in the southwestermpart of the Baltic, in the WaddenSea,
andonthe North Seacoastof Denmarkthe NetherlandsandBrittanny (France)1]. Generally,
the length of malesrangesfrom 1.5to 1.8 m andweight from 55 to 130 kg, while the slightly
smalleradultfemalesmeasurel.2-1.5m in lengthandweigh45-105kg. Pupsmeasur&0-90 cm
atbirth andweight9-11 kg [2].

Sexualmaturity is reachedat an ageof 3-5 yearsfor femaleand 4-6 yearsfor male [3].
Gestationlasts 10.511 month, including a 2-month delayedimplantation.Lactation lasts 4-6
weeks.The annualpregnancyrate of adult femalesin on average87%. Pupsare ableto swim
anddive within hoursof birth, andtheygrow quickly on their mothersmilk [4, 5].

Onaverageharborsealmilk is about45%fat, 9% protein,and45.8%water,with tracesof
lactose(milk sugar).The extremelyhigh fat contentof the milk helpsthe pupsmorethandouble
their weight by the time they areweaned This speciesgrew rapidly (0.56 N 0.01 kg day™) over
the ~25 day | actation period and body conditio
weaning, before falling to an average value of

The aim of this study wat® evaluate the growth rates of five harbour sealsspdpring
the breeding season by the female harbouriseadptivity. Threeadult harbour seals (one male
and two females) were housed together in-fiawing water tanks (8 x 3 x 3 m) at the Lithuania
maritime museumHarbour seals give birth in the second half of June or July, nursing lasts for
approximately 30 daysihe rate of massgainis directly relatedto the durationof the lactation
period.Pups less than 7 days old hadetevated or reducdabdy mass compared with theiain
growth. Pupsgrew from 10.6 N 0.3 kg to 27.7 N 1.6 kg (meansN S.D.) over the duration of
lactationperiod.Male pupsbodyconditionincrease®% morethenfemale.

The effect of maternal age and condition on the dagedbrition and the duration of the
perinatal period were investigated over three consecutive breeding seasons. Although females
may first pup at three yeandd, they did not attain full adult size until six years of age; older
femal es ( O @ bgeavierslpnget, aml éh detter condition than younger females
(3i5 years) [9]. Maternal body condition aratje influence the physicablevelopment of
offspring and thereby their reproductive success. Younger fempilgs are nursefibr about 6
daysshorterduring which time they will gain 15% more than older females pups.
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Analysisof dive and surfacedurationsindicatesthat young pupsneedmorerestbetween

divesthanolderones Theyspenda smallerproportionof time submergedhanolder. Pupshauk

outlessfrequentlyastheygrow older.

[1] G. B. Corbet, S. Harris, British Mammals, The Mammal So@e82 642 (1991).

[2] J.J. Burns, Harbor Seal and Spotted Seal Phoca vitulina and P. Largha, Encyclopedia of Marine Mammals
12, 552560 (2002).

[B]C.Lydersen, K. M. Kovacs, Worl dso nobr3g40é200i)most poc

[4] M. A. Bigg, Harbor seaPhoca vitulinaLinnaeus, 1758, anBhoca larghaPallas, 1811. In: S.H. Ridgway
& R.J.Harrison (eds), Handbook of Marine Mamnil4-77 (1981).

[5] P. J. H. Reijnders, Recruitment in the harbor ¢Babca vitulina)population in the Dutch Wadden Sea,
Netherlands Journal of Sea Researzh) 164179 (1978).

[6] J. M. Burns, C. A. Clark, J. P. Richmond, The impact of lactation strategy on lolgysé development of

juvenile marine mammals: implications for the transition to independent foraging, International Congress
Seriesl275 341-:350 (2004).

[7l] Y. Dub®, M. O. Hammill, C. Barrette, Pup develo
vitulina) in the St.Lawrence River estuary, Canada, Canadian Journal of Z&4dlat§8194 (2003).

[8] W. D. Bowen, D. J. Boness, S. J. Iverson, Estimation of total body water in Harbor seals: how useful is
bioelectrical impedance analysis? Marine Mammal 18m@é4, 765777 (1998).

[9] H. D. Fisher, Delayed Implantation in the Harbour Seal, Phoca vitulina L., Behavioral Ecology and
Sociabiologyl73 879880 (2008).
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Mortality is known to be one of the principal factors that determine the dynamics of natural
populations. Traditionally researchers collect, preserve and enumerate zooplankton samples
without knowledge of the health status of the zooplankton. Zooplankton could saffendn
consumptive mortality due to starvation, environmental stresses, diseases, pollution, injuries,
parasites, and harmful algal blooms.

The research was performed on the 10th and 20th of April and 4th of September, 2009, as
well as on the 20th of Agri, 2010 in Klaipada along the crui
September, 2009 in Nida and Nemunas; on the 11th of May, 2009 in Palanga; on the 4th of
September and 20th of April, 2010 in Melnraga,

During the researcRrocion dyesvas tested, however when the expiration date was over,
the paint did no longer affect the deceased individuals. Therefore, the comparison between
Procionand the Neautral red and the Aniline blue dyes failed.

The Neutral Red method was applied in the Bafiea, dead copepods were not stained
whereas live copepods were stained red; the Aniline BineCuronian Lagoon, dead copepods
were stained blue, livie not stained.

The mortality of zooplankton species in the Curonian Lagoon and the Baltic Seatcoast a
Mel nraga, Pal anga and Liepaja was investigated
Eudiaptomus graciloidesMesocyclops leuckartiiRotatoria sp. dominated in the Curonian
Lagoon; Cyclopida representatives and thdWauplii i a t Me | Acattia ifdosa species
dominated in Palanga. Low species diversity was observed in Liepaja, however, the most
dominant were Rotatoria sp. aNauplii.

On the 4th of September, the mortality in the Curonian Lagoorvwa8 N 4 . 3 %, 15.1
Ni da, 6. 6t he 4B.ad%iat Sea coast along Melnragéa,
2.9% in Liepaja.

However, this study did not observe a significant relationship between percent dead
copepods and environmental factors, that this factors varied within a rathev nange in this

field study.
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The aim of this work is to measure dacompare the variation of the recent activity
concentrations of three radionuclidesosmogenic B, artificial Cs137 and terrestrial PB10
i in the nearground level atmosphere at two different Sitesthe Ignalina Nuclear Power Plant
(furtheri INPP) impact zone (B8 km southeast of the INPP) and in Vilniuand to estimate
how these radionuclides contribute to the annual committed effective dose for the members o
public.

The measurements of the activity concentrations were carried out usinghagam
spectrometers with HPGe detectors for the-destructive analysis of FPE5 filters. The filters
used in Vilniug(sampling time& 2 weeks)were analysed usingwell-type detector and the ones
from the INPP impact zongsampling timei 1 week)were anfysed usinga coaxial detector.
Three peaks of the gammay spectra were analysed:.3t&keV (Pb210), 478 keV (B€7) and
6617 keV (Cs137).

The variations of the B&, PB210 and Csl37 activity concentrations in Vilnius and in the
INPP impact zone from May to December 2010 were measured and the results are shown i
figures 1, 2 and 3, respectively. The vertical dashes in the figures denote the 68% confidenc
intervals. Assuming that theadionuclides get into the human (adult) body via the inhalation
pathway and the mean breathing rate.& I6nin, the contribution of each radionuclide to the
annual committed effective dose was estimated. The results are shown in Table 1.
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Fig. 1.The variation of the B& Fig. 2 The variation of the RB10
activity concentrations activity concentrations
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Tab. 1.The mean activity concentrations of-BeCs137 and P¥10 and the estimation of the
annual committe@ffective doses for the members of public

Conversion _ Vilnius . Thg !NPP impact zone
Nuclide coeff. Activity Effective Activity Effective
[Sv/Bq] conc.3 dose conc.3 dose
[Bg/nT] [Sv] [Bg/nT] [Sv]
Be-7 55E11 4.0 E-03 7.5 E10 3.1 E03 59E-10
Cs137 3.9 E08 2.6 E-06 3.4 E-10 7.9 E-07 1.1 E-10
Pb-210 5.6 E-06 6.7 E04 1.3 E05 6.5 E04 1.2 E05

The activity concentrations of B&in Vilnius and in the INPP impact zone are highest in
July and August because of the tropopause changgsing [1].

The Cs137 activity concentrations both sitesrepresenthe global distribution of this
radionuclide.

The activity concentrations of PHO in both sites arsimilar with a mean value of
6600 B q 7. These are typical for the contineriadations.

The annual committed effective dose for the members of public due-2aPmakes up
about 12 7 1.3% of the annual limit effective dose (1 mSVhe annual committed effective
doses for the members of public due teBand Csl37 are insigniftant.

Acknowledgements. We acknowledge Student Research Fellowship Award from the

Lithuanian Science Council.

[1] ST kora, | ., Jegkovskl, M.,
Comenianae2009-2010, 5651 (1-2), 15-132

Me r e g cAetg Rhysita UniRessithtiso a ct i v i t
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NMR MONITORING OF NONEQUILIBRIUM AGGREGATION IN IONIC
SOLUTIONS
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It is known thatsame mesoscopic structures appear in aqueous solytipnhe complex
shaped'H NMR signal of1-decyt3-methyl imidazolium bromidéin shorter versiofiC10mim][Br])
has been observed after it was mixed with watatifferent concentrationsVithin time of minutes
the contourf a signal caused from-8 L. L k Hydrogen bdge wastransformed into Voigtunction
pr oyl e wdortributidd asudsnsinargnd startedo evolve towards Lorentz functidime shape
while the contour from water signal remained Lorentz shaped during all the waitindridaévehalf
width (wg/w,) contribution inVoigt p r o (fid. &) was introduceds the measure of nonequilibrium
aggregation in mesoscopic/saprolecular scale.
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Fig. 1. Kinetics of eqiuilibration ifC;gmim][Br]/water solution (ionic liquid molar concentration 0,003)
using the parameterghw, of a fitted Voigt function.

The equilibréion kinetics was monitored by time dependence of thewndlths GausslLorentz
with waiting time upto 10 days.The6 n o n e q u icdvarshonly certaid degrees of freedom of the
guest (ionic liquid) moleculesyhereas the matrix, i.e. the hydrogeonded network of water, is
equilibrated.

Acknowledgments Vyt aut as Kdknowedges Studens Research Fellowship Award
from the Lithuanian Science Council

[1] A. F. Kostko; M. A. Anisimov; J. V. Sengers. Physical Review E. 2004, 70, 026102611811.
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Fundamental issue in rapidly developing field of organic optoelectronic is a research for
derivatives possessing desired optical, electrical, thermal and chemical properties. Consequently
incorporation of different organiaufctional groups in molecular structure leading to arise of
novel characteristics plays a key role in molecular design. Due to unique physical properties
carbazole (C), fluorene (F) and benzotiadiazole (B) moieties are preferred from a remarkable
variety d functional groups.

This report presents spectroscopic properties of novel organic multifunctional compounds
CFC, FFBC, CBFBC and CBC. It is evident from experimental results that fluorescence and
absorption properties for these molecules are deterntigecharge transfer state related with
presence of carbazolebenzotiadiazole chromophore and excited state delocalized over entire
molecule for CFC. Timeesolved fluorescence spectra reconstructed from fluorescence
transients for FFBC, CBFBC and CBC segts that exciton migration induced fluorescence
qguenching takes place resulting in decrease of quantum vyield in neat films. Furthermore, we
propose that conformational relaxation taking place in solutions is suppressed ipadked
structures contributg to a decrease of fluorescence efficiency.

In order to investigate ultrafast excited state relaxation processes of studied compounds
tetrahydrofuran, pentane solutions and neat films were investigated by means df purbe

spectroscopy.
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This work is devoted to the theoretical study of oxidateduction (redox) reaction of
vitamin K;. Mentioned reaction is very importam medical chemistry due to possibility to
generate the derivatives containing active oxygen forms. Initial assumption describing the
catalytic properties of vitamin C ingd¢edox reaction was formulated in Ref. [1]. According to
this assumption, vitami@ could significantly increase the rate and product yield pfddox
reaction.

Mentioned task was solved using quantum chemical study of dynamical processes betwee
vitamin complexes containing C {&scorbate, two forms) and; Kmenadione, one form). Fig. 1
represents all molecular systems.

Optimization of the ground state complex geometry was provided by means of
GAUSSIANO3 package using HF#L1G and HF/@11G(2df.2pd) basis. Optimized structure of
complex is presented in Fig. Following simulation of intermolecular electron transfer (IET)
was done using NUVOLA package [2] in the framework of molecular orbitals (MO) expressed
as linear combination of atomic orbitals (AO). Rate of K&¥as calculated using Fermi Golden

rule:
¥ 2" ” . .
=0 013 0 © (1)
Results of simulations allow us to create the model of reaction pathway. Several

possibilities are presented and discussed.

HO HO @)
HO HO
0O o 0O o
H Hv
HO OH o o O

Fig. 1. Two forms of vitamin C (left, center) and vitamig(Hght).
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[1] J. Verrax, J. Cadrobbi, M. Delvaux, J.M. Jamison, J. Gilloteaux, J.L Summers, H.S. Taper, P.B. Calderon.
The association of vitamins C and K3 kills cancer cell mainly by autoschizis, a novel form of cell death.

Basis for their potential use asadjuvants in anticancer therapy, European Journal of Medicine Chemistry
38 (2003) 451457.

[2] NUVOLA. Quantum chemistry package. Vilnius university, 2007.
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Aromatic derivative containing heteroatoriispyridine i is well known as a model
compound for simulations of adsorption on metal surface. Quantum chemical modeling of
adsorption processes includes several significant factors: i) ground state geometgiaimi)l
intermolecular electron transfer simulation.

This work is devoted to exact quantum chemical study of intermolecular electron transfer
(IET) between donor (pyridine) and acceptor (Ag surface). Ref. [1] (containing different
geometry optimizatin tasks as well as excitation energy distribution tasks) allows us to take
attention to the IET processes between pyridine and neighboring Ag atoms. Fig. 1 shows twc
structures which were used for IET simulation.

DALTONZ2 package was used for vector getien in the molecular orbital (MO)
framework using linear combination of atomic orbitals (AO). Density functional (DFT) method
CAMB3LYP (U=0.190, b=0.460, £€=0.330) by- mea
sddDZ was used for such purposeBollowing simulation of intermolecular electron transfer
(IET) was done using NUVOLA package [2]. Results of simulation allow us to discuss the role

of p- andd-electrons.

\
)

)
) /.

?

Fig. 1. Ag..Pyr (left) and Ag.Pyr complexes.
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[1] V. Arcisauskaite, J. Kongsted, Hansen, and K. V. MikkelserCharge transfer excitation energies in
pyridine-silver complexes studied by a QM/MM method. Chem. Phys. 4&&.2009) 285.
[2] NUVOLA. Quantum chemistry package. Vilnius university, 2007.
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White LEDs are more energoeffective and serve longer than conventional light bulbs.
Therefore investigations of new phosphors for setate lighting are in progress [1] to find an
appropriate phosphorith wide enough spectrum for higher quality lighting. In our work, the
luminescence of oxyfluoride samples activatedda}/, EL?* andCe*'/EU** have been compared

together and discussed from the point of view of ssiiade lighting applications.

[1] A. A. Setlur, Phosphors for LEDased SolieState Lighting, The Electrochemical Society Interface,
Winter 2009, pp 336.
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R. Grzibovskis |I. Muzikante J. Latvels M. Rutkis
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Organic thin films with semiconducting properties haween intensively studied in
nowadays due to very promising applications in organic electronics, for example, organic
photovoltaic. Among organic semiconductors, group of indandiones with their electrical
properties, thermal and chemical stability are geatdidates for use in design of novel

molecular electronic devices.
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Fig.1 Spectral dependence gfiantum efficiency

We have investigated photoconductivity and its spectral dependenweo dlifferent
dimetilaminobenziliderl,3-indandion (DMABI) derivatives DMABI-dph and DMAB}JU.
Value of the threshold energywEfrom spectral dependence of quantwefficiency of
photoconductivity is obtainedThe values of the surface potential of thin films of DMABI
derivatives are compared with oxidation puials andshifted highest occupied molecular level
(HOMO) and lowest unoccupied molecular level (LUM@Juesaccording to the RHBRD initio
calculationsAlso photocurrentvoltage characteristics are measured.

Acknowledgements. This work is supported bythe ERAF Project No.
2010/0252/2DP/2.1.1.1.0/10/APIMIAA/009.
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Ceramic composites containing ferroelectric and ferromagnetic phase recently drawn
scientissd attention because of their possible applications. The aim of this research was to
characterize multiferroic F®4 BaTiO; composites by means of dielectric spectroscopy. This
enables us to describe conductivity and dielectric relaxation phenomena in the material and make
predictions about its intrinsic structure. Measurements were made in wide temperatud®(150
K) and frequency (20 H4,2 GHz) range.
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Fig. 1.Spectra of complex dielectric permittivity

Dielectric measurements indicated that in high temperatures and low frequencies the
dielectric response of the composite is governedcbyductivity. Evaluation showed that
conductivity satisfies the Arrhenius law and the activation energy of this process agrees with the
value of electron hopping between different valence states of Fe ions. Further measurements in
low temperatures and highequencies, where the influence of conductivity is smaller, revealed
dielectric relaxation (Figl.). It can be said that both phases, conductin@fand dielectric
BaTiOs, have influence to the dielectric spectra of the composite so this operesHilility for

the multiferroic response.
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Porous silicon (PS) and polymer composites are particularly interesting because of their
visible luminescence, which hasegter stability and emission efficiency compared to plain PS
[1]. What is more, different polymers allow tuning of luminescence spectra to match specific
requirements [2]. However, the processes taking place during fluorescence of these composite
andthe r properties arendét sufficiently examin

In our work we used timeesolved fluorescence measurements to investigate energy
transfer in PS/polymer composites. THF solutions of mLPPP and-RIEW polymers were
spincoated onto porous silicon substrate teate the composites. After close examination of
fluorescence spectra and decay kinetics of the composites as well as constituens, we ce
conclude that energy transfer from PS to polymer takes place during fluorescence of the
composites.

Acknowledgements.This work was partly supported by the Lithuanian Science Council
Research Fellowship Award (V.P.).

[1] D. Li, D. Yang, C. Zhou, D. Que, Excitation transfer from porous silicon to polymer, Mater. Sci. Eng. B
121, 229231 (2005).

[2] H. A. Lopez, X. L. Chen, S. Alenekhe, P. M. Fauchet, Tunability of the photoluminescence in porous
silicon duo to different polymer dielectric environments, J. Lumin. 80;11115(1998).
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Modeling the organic lightemitting diode structure, it is necessary to study electrical
properties and energy structure of organic layerpdar organic material (electron and hole
mobility is of same order) is very important for organic light emitting diodes (OLED). Carbazole
derivatives are one of them.

In this work, we have studied electrical properties and energy structnoyelf carbazole
derivatives (JS97 and JS100) thin fiiméle wused fAsandwi ¢keoFigl.ype san
consisting of derivative of carbosole oligomer as active layer sandwiched between top
contacts of different metals and gold bottom contdidte organic films were prepared by spin
coating method with the thickness of the order o0 and vacuum evaporatin
the thickness of order of 0.5 to 0.9 Om. It al
characterize charge carrier injection and energy distributiotrapls in the thin filmsFor
injection of holes ITO, A, Pd, Cu electrodes and for injection of electrons Al electrodes were

applied.
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With the growing need for micro and nascale objects, fabrication methods that are low
cost, high throughput and simple to operate are in an increasing demand. We present replic

molding by PDMS (polydimethylsiloxane) soft lithography (Figa)) (

OR THERMAL CURING ™
slZe

w MICRO/NANO-STRUCTURED 3D
SUBSTRATE
'y ! 2D
PDMS SOFT 1D
TN R
PDMS STAMP
$ PDMS
m REPLICA MOLDING BY UV %
(a)

(b)

Fig. 1. (a)- schematics of micro/narstructured object replication using PDMS; (b) Replication by
PDMS soft lithography is independent of structure dimensions, because it is cured all at once. Fabricating

a structure using muiphoton polymerizabn requires time consuming serial writing.

Compared to other fabrication techniques, like laser rpbltiton polymerization (Fig. 2

(a)), PDMS soft lithography is attractive because of its area (volurmglependent fabrication

time (Fig. 1 (b)) and a fatively low cost/quality ratio.
PDMS is a substantial elastomer and stamps made of it may be used up to a thousand time

without significant loss of quality. It also allows usage of new materials, that would otherwise
not be susceptible to structuringy. ePEGDA (poly (ethylene glycol) diacrylate).
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Fig. 2. (a) The principle of directaser writing using mukphoton polymerization. (k) SEM
micrograph of a scaffold out of SZ2080 photopolymer, fabricated usingpingdton polymerization.

We have sccessfully replicated scaffolds for stamall growth (Fig. 3 (b)), reducing

fabrication time twentyfold, as well as elements of migptics.

Fig. 3. (a)i a PDMS stamp, made using a SZ2080 mastelri. &xeplica of the laser fabricated SZ2080
scaffold, made of PEEGA-258 polymer.

There is a wide spectrum of other applications which would benefit from this replica

molding technique, such as microfluidics, photonic components, plasmonic metamaterials, etc.

[1] M. Malinauskaset al., Large Scale Laser Tvithoton Polymerization Structuring for Fabrication of
Artificial Polymeric Scaffolds for Regenerative Medicine, Proc. AEB8 12-7 (2009).

[2] M. Malinauskaset al., Femtosecond laser polymerization dbrity/integrated micreptical elements and
their characterization, J. Oft2, 124010 (2010).

[3] G. Kumi et al., High-speed multiphoton absorption polymerization: fabrication of microfluidic channels
with arbitrary crosssections and high aspect ratios, Lab CHip105760 (2010).
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The acoustooptic interaoth provides many possibilities for light control and probing of

the acoustic wave properties. Bulk wave acoustooptic devices have found numerous application

as light deflectors, modulators, and tunable filters [1]. The leaky surface acoustic waves

(LSAWSs) have many advantages as compared to the conventional Rayleigh waves, such a

higher velocity and electromechanical coupling coefficient values. In given geometry, the leaky

surface wave strongly radiates energy into the substrate in the form of a belkallawing for

efficient acoustooptic interaction. In the present work, the acoustooptic interaction using the

LSAW radiation in YX- LiTaO; has been investigated. The interdigital transducers (IDTs)

deposited on the crystal surface were used for acomatie excitation.

Fig. 1. Wavei vektor diagranof anisotropidight diffraction
The acoustooptic interaction is described usingribenentunconservatiodaw [2]:
Ki=k +K, (1)
where K is the acoustic wave vector?and lzliare the wave vectors of the incident and
diffracted light. Anglesg and g Nj Fig. (1) define the directionsf incidert anddiffracted light

beams with respetd the acoustic wave vector normal.

The dependwcies of these angles on the acoustic frequency can be derived from Eq. (1) :

e aVocén ){J'—

2\/ n f x
g=arcsin = ° @ ¢ : (2)
/f € &g . 2 p
él.- B 2 _ r]2 b+
- . Z\/Bno é (%f g Céne O)E
gN§ arcsin , (3)

where g=g- p/6 and gi=gqi+p/6, / is the optical wavelength in a free spacéis the
acoustic frequencyys is the velocity of bulk acoustic wave, and n. are the ordinary and
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extraordinary refraction indices, respectively. The dependeggiesand ¢ (f ) calculated from

Eq. (2, 3) for the case of YKiTaOs; are shown in Fig. (2). The same dependencies, measured
experimentally, are also shown in Fig. (2). As seen, the experimental and theoretical curves are
in perfect agreement. It follows that the pagation angle of the radiated bulk acoustic wave
equals to 30 degrees with respect to the crystakiX on the substrate surface and its velocity is
3530 m/s.

deg T T T T T T T V T T T T
20 + | 4
Theoretical ~Experimental 12L ® =120 um, f= 33 MHz I
' O  2=60um, f=65MHz
. Y
10} i| 4 10 |
2 e I
y | ] ) 2 ]
0 U 06 0’06‘U|hm‘ 5
diffr .6 - \ = .
0’02 UIDT
1 5
-10 |- o 04 Py 4
02} 1
—20 C 1 1 " 1 1 1 " 1 " 1 3
20 40 60 80 100 120 140 160 MHz a0, - T
f UII)I
[Fig. 2. The experimental (dots) and theoretical ¢y 3 pependencies of diffracted light intensity ¢
(lines) dependencies of angles of inciderg@(d  |pT yoltage amplitude at different IDT periods

diffraction (gNjon the acoustic wave frequency i
YX T LiTaOscrystal

The dependencies of tlagfractedlight intensity on the amplitude of radfeequency (RF)
voltage applied to the interdigital transducer are shown in Fig. (3). The curves exhibit quadratic
dependencies, in accordance with the theory of acoustooptic interaction. Our experiments
revealed tht the efficiency of acoustooptic diffraction was different for different IDT periods. In
particular, the efficiency increases 3 times when the IDT period is increased from ®€0120

mm.

[I1]R. Ri meiilpdysD. PL Ka g, daidotlopics acostdt. optiS diffraGitnuby leaky wave
radiation in ZX- LiNbO3, Appl. Phys. Lett., 90, 181935, (2007).

2] 1. [lj.BOdzs oz OYdidAMmMmj W dzdj Mo jlsO &0 b @FEHN B dhoslddizOn o Ctod
229- 236, (1972).
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Graptolites from erratic boulders are known since the 19th Century.

Graptolites from Baltic erratic boulders serve as a tool for taxonomic, morphological,
phylogenetic and evolutionary investigations, as well aspfpulation dynamic studies and
partly for stratigraphy and Quaternary geology which documents the significance of their
investigation.

Mokrzesz-w quarry i s |l ocat ed i n Lower
sout hwest of Wrocgiaaw G@+rr & 0klme tewmseé n oWaJled 2ync

Mokrzesz-w quarry is |l ocated in the ar:e
Mokrzesz- - w, which separates her-Sudetic\Bioak.bTbed z i
thickness of Cenozoic sediments excsed80 m. There are tens of meters composed of glacial
grave originating from the Saalian glacier. Lower Palaeozoic limestone is dominalid$¥3b
together with Scandinavian crystalline rocksi@2%). The minor part consists of quartzite,
white sandstorgg Mesozoic limestones, flints and grey granites. Some of them might originate
from the Sudetes.

ABal tic | imestoned are found in Central
We s t Lithuania in the East, f r oBaltic Beagnerth of | s |
Lower Silesia in the South. The southern distribution border of Silurian gechiebes with
graptolites coincides with their maximum distribution in Pleistocene (Saalian) glaciers.

Silurian Graptolites variety is enough wide both speqigantity and ageMonograptus
flemingi and Pristiograptus pseudodubiuar e t he ol dest graptol it
quarry. They are from the middle Wenloakdiansi lundgrenibiozones)Gothograptus nassa
and Pristiograptus parvugparvusi nassabiozones),P. praedeubeli, P. deubdlpraedeubeli
deubelibiozones) are found in the upper Wenlock. P. parvus and G. nassa (parvus biozone) wer
on the one side of the boulder, and the younger P. praedeubeli (praedeubeli biozone) epecies
the other sid. Mostly the boulders with the lower Ludlow graptolites are found:
Neodiversograptus nilssoni, Colonograptus colonus, Saetograptus varians, S. chimaera,
Bohemograptus bohemicus, Monograptus uncinatus, P. dubius frequens, Lobograptus
progenitor, L. scanicsiThese graptolites are fromlssonii scanicusbiozones . Slovinograptus
balticusfrom balticusbi ozone (Upper most Ludl ow) was fo
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Mokrzesz-w quarry i ugpemoshiudianw (the IOMemLudow kgraptolites
dominag) graptolites are found.

W AL R T O N E TR WP

Fig. 1. Some graptolites of eirM. #emingcluntdgenibiodome; s f r om

B i G. nassd1l) andP. parvug(2), parvus nassabiozones; @ G. nassaparvus nassabiozones; O P.

parvus parvu§nassadiozones; H S. balticusbalticus biozones; FL. scanicusscanicus biozone; G

N. nilssonj nilssonibiozone; Hi S. variansgnilssoni biozone; 1 B. cf. garrati scanicus biozone;iJB.
bohemicusscanicus biozone; K B. cf. praecornutusleintwardinensis biozone.

The number of investigated samples may not be identical with the real number of glacial
erratic boulders, since some of the samples could be fragments of larger boulders. However, it is
obvious that boulders with graptolites frome lower Ludlow dominate. The oldest Silurian
boulders from that locality refer to the belophdélusdgreni biozones, while the youngest come
from the bohemicus tentiikozlowskii biozones. The latter represahte youngest Silurian
erratic boulders in Bope yet known. Whether or not this quarry yield even younger Silurian

graptolitebearing erratic boulders needs further investigations.
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The Amperator is a powerful stebown transf or mer . 't was 1
law and show how much ehergy is being lost in transfer lines.

The Amperator has a very low output impedance, that makes him a powerful current
source. Even though the output voltage is approximately 3V AC, it can deliver up to 700Amps of
current on short circuit. If we putraa i | i n between output <cl amp
up and melt. The current on the nail can be determined using Ohms law:

U
R+r

(1)

Here Ui output voltage, R samples resistance (typical resistance of a nail is 0.010hniis), r
inner resistance of the device that is many times less then the resistance of the sample, so all
the voltage drops across the sample. Then,
Is being exceeded.

Q=R0O*® 2
Here 11 current that flows through the samplel time. The Power that is dissipated in the
sample:

P=R}?2 (3)

Even though Amperator is basicly a stipvn transformer it can help a lot of people to
understand where is the energy lossramsfer lines, what is inner resistance and what does it
do.

RLI T1
51

220V 0 ) 1N i

Fig. 1. Schematic of the device

The switch S1 turns on the relay RL1, that enables current flow through theostap

transformer T1. Transformer changes voltage from 220AC to approximate®NC3 If sample
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resistance R is low, a high current will flow through the circuit and a lot of ohmic heat willd be
created.

Fig. 2. A nail as a sample in the device

Figure 2 shows a device itself. A nails is usually used as a sample. After couplerafssafter

switching on the device nail starts to glow brightly yellow and melts.
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Cloud chamber is a device, invented by C. T. R. Wilson in the beginnind"afez@ury,
used for detecting paths of charged particles and other ionising radiation [1]. It can be called the
cornerstone of the experimental particle physics, because it gave discoveries of a positron an
muoni first discovered elementary particles, aliniare not, by direct means, a part of an atom.

The operating principle of the cloud chamber is based on the nucleation (formation of
droplets) of supersaturated (more than it should be under given conditions) vapour around thi
condensation nucléi whena charged particle passes through vapour, it ionises vapour atoms
alongside its path and the ionised atoms act as condensation nuclei, forming a cloud.

The original cloud chamber, as developed by C. T. R. Wilson, used the process of adiabati
expansion tdorm supersaturated vapour, but because of discontinuous operation the active time
of track formation was less than a second [2]. However Patrick Blackett partly solved it by
making rapid expansions a few times per second. Another great developer outhet@dmber
was Alexander Langsdorf, who developed diffusion cloud chamksercontinuously sensible
cloud chamber in 1939 [3]

Since 28 century technologies have greatly advanced and more sophisticated particle
detectors were created, pushing cloud dherm out of the research field. Currently,
semiconductor devices are being used to detect paths of elementary particles. However, due to |
simple construction, diffusion cloud chambers are still being built. Their complexity varies from
simple home mad& enough technically equipped to produce fairly accurate measurements.
Since this device has such a straightforward display of subatomic particles, the goal of this
research is to share the experience of building and testing diffusion cloud chamber.

The mrticular diffusion cloud chamber, which was used in experiment, is shown
schematically in Fig. 1. Container walls (and top) [W] are made out of 125x125x4mm Plexiglas
plates. The bottom is 1mm thick steel plate [M] with folded sides. It was painted foliabletter
contrast of particle tracks. Walls, top and bottom of the chamber have been fixed together usin
adhesive sealant [F]. The heating wire [H] was wrapped on two plastic trays [S], which were
connected to the top of the chamber using metal rods [R]

During the experiment, trays were filled with pure isopropanepr@anol) and the
heating was turned on by supplying power to the metal rods. When the cloud chamber is
saturated with isopropanol vapour the bottom is then cooled to temperature, [€0@an
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Bright white tangential light is applied to the side of the cloud chamber to make the isopropanol
mist visible. After 2 min. of cooling, a layer of supersaturated vapour [L] starts to ford a2
above the bottom of the chamber. Obscured traitske observed at this time, however, it takes

approximately 10l5 minutes until the supersaturated layer fully forms.

| | E——1 ]

L S m

o\

Jl: &M

Fig. 1. Scheme of the diffusion cloud chamber used in the experiment

Observed natural background radiation consisted mainly ofdaetecles, which formed
thin (less than 1mm) and relatively long-16cm) tracks. However, due to greatly varying
energy (in range from keV to MeV), beta particle tracks had different forms, from short and
curly (due to interaction with vapour moleculeg)straight long lines, although less energetic
beta particles were more common. Another common radiation was alpha particles, occurring a
few times per minute, compared to several tracks of beta radiation every second. Alpha particle
tracks are thick .0mm), short (up to 4cm) straight lines. Besides of common tracks, several
rare events were also observed. High energy cosmic alpha particles had enough energy to pass
through the whole cloud chamber (12cm). High energy alpha particle collision with a folecu
was also observed. There were other cosmic ray events, which are not discussed here.

It is important to discuss problems, which occurred during the experiments. The most
common problem is setting up the right heating and cooling. Underheating anéahcooling
resulted in depletion of the supersaturated layer, while overheating caused vapour condensation
on the walls. Optimal bottom temperature was found out to bé220K. Other problems were
cracking of Plexiglas, sealant and paint detaching dueh&mical and physical reactions to

isopropanol and very low temperatures.

[1] C. T. R. Wilson, On a Method of Making Visible the Paths of lonising Particles through a Gas, Proc. R.
Soc. Lond. A85(578), 285288 (1911).

[2] C. T. R. Wilson, On an Expansion Appéus for Making Visible the Tracks of lonising Particles in Gases
and Some Results Obtained by Its Use, Proc. R. Soc. Lo&d(595) 277292 (1912).

[3] Langsdorf, A Continuously Sensitive Diffusion Cloud Chamber, Rev. Sci. Insi@ro1 (1939).
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This device was created to show the abilities of inductive force to students and to explain
the basic principles of electric and magnetic fields. Alternating electric current through a can
induces a very strong magnetic field, which results in crushitigeodan.

The main components of the earusher are:

Microwave oven transformer;
Four capacitors;
Trigatron;

A couple of resistors;

=4 =2 4 A4 -

Diode bridges;
1 Electromagnet.

This device is powered by 220V alternating current, which is a standard in Europe. When
the device is turned on, the voltage is increased to approximately 2.1 kV in the transformer T1
Then the high voltage current passes through the diode bridge, whsainade from 15 cheaper
diodes, and we have a direct current of 3kV. Resistor R1 is used to reduce the current, so that t
conductors C1,C2,C3,C4 would be charged slower, preventing overcharge and explosion. The
when a special switch, which is coveredaih to prevent short circuiting, is turned on, the
current travels through wires and starts charging four parallel connected conductors. In about on
minute the conductors are charged to their full capacitances, containing about 2,5kJ of energy
The switcles are then turned off to stop the current flow to capacitors. At this point the can

crusher is charged and ready. A thick wire from one end of a capacitor is wound into a coil L1

and connected to speci al switch dcaa bltereating fit r
current flow through separate wires into ¢ttt
connecting capacitors. When an air gap 1 s

the circuit is then close®Vhen the sparkap fires, current rapidly climbs in the work coil ahd
creates a rapidly increasingagnetic fieldwithin the work coil Throughelectromagnetic
inductiona huge circulating current is induced within the can which then creates a magnetic field
of the can These magnetic fields are of the same polarity and push each other. Because the ce

is thin it canét hold the magnetic force th
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Fig 1. Electric wiring diagram of the camusher.
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Recently Gratzel t GOB @) demangratedelativelys ldgh axternat e | |
quantum efficiency (%), which stimulatednterest of theifurther researchrlhe efficiency of
GOSC significantly depends on roughness and porosity of SuBlayer, on which the organic
dye is deposited. Th&iO, surface can be formedf different structuresnanowires and
nanotubes]], annealedchanasphereg$2], by laserablaton [3, 4].

The objective of this research is to investigate the influefc&iO, layer roughness
formed by laser ablation eV characteristice f Gr @2t zel type organic

For experiments a Yb: KGW femtoseconbth | a
Lithuania) has been used. The light pulse durat&#80 fs,<=1064 nm has been used, and the
pulse repetition rate can be tuned from 1 kHz up to 350 kHz at average power up to 6W. The
har monics generator AHI ROo0 ( L ibgeh usedGm geneeate s i
third harmonic €=343 nm) pulses of light. Fdream XY posi ti oning the
for Z coordinate the AVari oSCAN 200 (SCAN
(Altechna Co Ltd Lithuania) software has been used to compile exedute fabrication
algorithms. For beam focusing thettieta objective field size 160x160 mm, &r@55 mm, has
been used. Surface was mapped using profiler, AFM and SEM. Fig. 1 demonstrates an examp!
of TiO, ablation.

0673
3 — Profile 1
3 — Profile 2

LI I B
i} 10 20 30 40

)
Fig. 1. Ablation mappedising optical profilomet_er. Profile -lablated region, profile 2 not ablated
region.
Organic layers were vacuum deposited on ;Ti@yers. Metal electrodes were vacuum
deposited onto the top of the OSC structuresraffected and laser ablated }i@gions.
The electric features of forme@OSC structures wer@vestigatedby measuring -M
characteristics in the dark and under illumination by AM1.5 light sourbe. optoelectric
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features of GOSC have beewvestigaéd and discussed taking into accountrdluence of TiQ
sublayers of various roughness.

[1] Craig Grimes, Karthik Shankar, SPIE 10.1117/2.1200806.1148.
[2] Rui Zhu, Changrun JiangAppl. Phys. Lett.93013102(2008).

[3] H. Kim, G.P. Kushto, Appl. Phys. LetB5 464 (2004).

[4] S.K. Das, K. Dasari, Nanotechnolog{, 155302 (2010).
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Atmospheric humidity attenuates the propagating electromagnetic waves. Water molecules
scatter (undirected reradiation) and abéw ( heat i ng) el ectromaghnet
on purpose to design reliable and efficient communication systems, it is necessary to estimate tr
specific electromagnetic wave attenuatian,

In calculations of thes-value, a very important parareets the rain rateR (mm/h), which
Is thethickness ofarain precipitation layewnvhich felled down over the time period of one hour
in case whemain precipitation is not evaporated, not soaked into the soil, and isovat bff by
the wind[1]. In most of thea-value calculation models, onminute rain rate values(imin)
(mm/h), are required. ThBimin)-value is aR-value, measured with interval of 1 minute and
multiplied by 60.

Usually the reliability of communication system must be 99.98%means, that system
may be unreliable only 0.1% of a year (52.56 minutes a year). TherefoRthgvalue, which
is exceeded no more than 52.56 minutes a year, must be known. In Lithuaianthevalue
for 99.99% system reliability is 60.28m/h[2].

I n cases, when required communication s
AWomotnt hdo model can-moentihode dno dEBHh e i fBWaosrusgtg e st
Tel ecommunication Uni ono6s -HBldTheconceptrafuhe warsat i o
month can be applied in terms of rain rate for a period of 12 consecutive calendar months. Th
annual worstmonth for a selected threshold (tRgmin)-value is described as a month (or 30
days period) with the highest probability @étceeding that threshold. According to the HRW s
AWomoinht hdo model , t he aver age p&),nsupeoportianal toe p

the average annualwomsto nt hés ti me per(ent age of exces:

:& 1
p o 1)

whereQ is the conversion factopandpnc or r espond t he sRamge t hr es't
The conversion facto@ is dependent on parameteds and 4. In cases, when a high
reliability communication system is required (reliability none less than 97%), the deyognd
[3]:
Q=Q,p”. )
Considering Lithuani aéRsdsclIrienaoQenddvdiestsare 2.85n s ,
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and 0.15 respectively.

In this work, the ITUR6s fAMomtsh o model wa s cédysAcdondimgt e d
to (1) and (2), and using the ITRIO s recomme Qde8 andabl=0.35s the
theoretical p-values were calculated. Those values were calculated for thresholds till

Riminy=6023 mm/h. The theoreticap-values were compared to the measupedalues.
According to the results, the IFH6s r e c 0o mme@ d288 and &= 0% &e proper

only for thresholdsR ., 2 34 mm/h. For thresholdsR, .., <34 mm/h, the measuregtvalues
) )

are double the calculatgevalues. Therefore, fahresholds lower tharmk,;,, =34 mm/h, the

Q1 and b values must be corrected according to measphelues.

[1] R.L. Freeman, Radio System Desifpr Telecommunications (JOHNWiley&SONS, INC, New Jersey,
2007).

[2] M. Tam@yi T naiM.d Tamogi I ni erBd, TA.Redcloh afdekestromagnetic wave
attenuation due to water in atsphere. 1. Attenuation due to rain, Innovative infotechnologies for science,
business and education, Val(9), 3-10 (2010).

[3] Conversion of annual statistics to wensbnth statisticSRECOMMENDATION ITU-R P.4814 (Question
ITU-R 201/3).i 199219992001-20032005.
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Cervical cancer is one of the most frequent forms of cancer in women and more than a hal
of cases of tls disease are lethal [1]. Usually methods of cytology and histology are used for
diagnostics of the cancer and itsqsecer states. Unfortunately, these methods can be realized
only by qualified specialists in specialized laboratories. So the purpase ofvestigation was
to search for supplementary or alternative diagnostic methods based on cervical smear materi
autofluorescence.

In this research we had samples of cervical smears whichalsasgfiedinto normal and
precancerous CIN2feervical intaepithelial neoplasia of'2degree or highemyroups according
to diagnostic (cytological and histologica@sts. Ultraviolet radiation (355nm) of microlaser
STA-01-TH was used to excite the samplasvitro and fluorescence spectra were registered.
Method of spectra filtration was developed to analyze individual regions of fluorescence spectra.
The main procedures of this method are spectra normalisation, rectangular function (i.e.
rectangular filter) creation and filtration (Fig.1). This sequence afqutures was repeated 4524
times with different parameters (stat position and width) of filter. Then areas under the curves of
filtered spectra were calculated and compared between normal and CIN2+ groups using analys
of ROC curves. Source codes have rbadeveloped in order to perform this analysis
automatically. In several spectral regions statistical parameter AUC (area under the ROC curve
of 0.71 has been achieved. According to literature [2], this indicates diagnostic value of the tes
as O6good?é6.
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Fig. 1. The main procedures of fluorescence spectra analysis: (a) normalization, (b) creation of filter and
(c) filtration. Legend: I intensity (in arbitrary units), .1 normalized area under the curve from the
baseline, $ area under the curve oftéred spectrum from the baseline, start (stopdsition at which

filter begins (stops) transmitting fluorescence signal.

[1] Sankaranarayanan R.ervicalcancermprevention strategies in tldevelopingworld. Cytopathologyl8
(Suppl 1), 1 (2007).

[2] JKurtinaitis, A. Gulbinas, KlinikiniO

tyrimO metodol
pp.1344.
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Laser refractive surgery using excimer ultraviolet (UV) laser was first performed on a
human eye in 1990 by Pallikaris et al. [1] and applied in the clinics by Bumattd-errari [2].

Ever since, the corrective eye surgery was dominated by ArF excimer laser systems. They ensu
an effective and predictable ablation since the absorbance of corneal tissue at ArF lase
wavelength (193 nm) is high. However, excimer lasechhology has several essential
disadvantages. The active medium of the laser is toxic gas, the laser is mainietesiee

and expensive, the system is sensitive for the environment conditions. The alternatives for the
excimer laser in the refractiveye surgery have been actively researched for some time.
Utilization of solidstate lasers is very promising since it guarantees stability and a good beam
quality. Femtosecond lasers are becoming the routine tools in many ophthalmic procedures, fo
example,as the replacement of a microkeratome for flap creation in the LASIK surgery; in
cataract surgery, corneal transplantation, presbyopia correction, etc. In this study we present
femtosecond alsolid-state system with capabilities of both deep UV laserce and standard

IR femtosecond laser, as well as discuss results of thanfiwsto applications.

A laser system for corneal ablation must meet several requirements. Firstly, energy densit
at wavelengths of corneal tissues absorption must be hlgh for the effective ablation to be
ensured. Secondly, the duration of the surgery has to be comparable to that when an excim
laser is used. Our deep UV laser system is based on femtosecond high power Yb:KGW lase
APharoso (Li ght u&anWhenappeodad with thte fifth hdtmohichgenerator,
the laser provides ~300 fs, 206 nm pulses in a Gaussian Hdemefficiency of the fifth
har monic generator is about 7.7 %, ankHzt he
repetition rate).

Our previous experiments using 206 nm 300 fs pulses gave excellent results of ablation or
model materials such as g@hethylmethacrylate), gelatin and freshly enucleated porcine eyes
[3]. Here we present our first results iof vivo experiments on rabbit corneas. Corneas were
mechanically debrided and received photaabh at an average power of 1060 mW and
repetifon rate of 520 kHz with variable spot size. The duration of treatment fdr2aD

refraction change within the optical zone of 6 mm was about 100 s with the laser duty cycle of
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70%. Fig.1 shows the progress of flat ablation of the cornea until perforaperformed at a

20kHz repetition rate and an average laser power26fMW. From the cross sections one can

see that the cornea keep its shape until it becomes very thin, which indicates gentle action of low

energy femtosecond pulses.
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Fig. 1. Change of comna thickness vs ablation time (left pgreahd crossectionof cornea at different
stages (right panglDifferent symbols denote measurements at different spots.

In conclusion, the presented laser system has a potential of becomiegsatile/

ophthalmic laser system due to its high power and wide range of wavelengths. Further research

is aimed towards investigation of the safety of short UV pulses, collection of more extensive

statistical data is in progress.

[1] I. G. Pallikaris, M. EPapatzanaki, E. Z. Stathi, O. Frenschock, A. Georgiadis, Laser in situ keratomileusis,
Lasers in Surgery and Medicid®, 463468 (1990).
[2] L. Buratto, M. Ferrati Excimer laser intrastromal keratomileusis: case repddarnal of Cataract &

Refractive Surgry 18(1), 3741 (1992).

[3] M. Vengris E. Gabryte, A. Aleknavicius, M. Barkauskas, O. Ruksenas, A. Vaiceliunaite, R. Danielius
Corneal shaping and ablation of transparent media by femtosecond pulses in deep ultraviolé&uamgle,
of Cataract & Refractive SurgeB6(9), 15791587 (2010).
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Optical properties of the diffraction grating based laser beam spldegendon the
chosen materials, linear dimensions and profilethe grating. Appropriate set of grating
parameters allows controlling intensity and spatial distribution of diffraction spectra. Diffraction
optical elements are most efficient only in a narrow wavelength range and are designed an
manufactured for evg application individually. In this work we present experimental results
and simulations of optical properties of visible light diffraction grating based beam splitters.

Diffraction gratings that were used as beam splitters were fabricategkirs mni fused
quartz substrates employimgticalcontact lithography and plasma chemical etching, \west
performed in PK2430PD unit with mixture of GH80 %) and @ (20 %)gasesThe depth of
structures was controlled by changing etchdoigation (18 40 min) andit wasmeasured bgan
atomic force microscope NZ06. Linear dimensions ¢iie formed structures were measured by
a scanning electron microscope (SEM) FEI Quanta 200 FEG. The optical properties were
evaluated by measuring white light reflectiondatransmission spectroscopy (spectrometer
AvaSpee2048).More experimental details can be found elsewljgfeNumerical simulations
of diffraction efficiencies (transmission and reflection spectra) were performedhwitindard
softwar e ( A PRCBeg iatdgmlcequatiansneetthod) and additionally calculated using
analytical model of a rectangular profile phase diffraction grating, which rajga@ groovely)
are of equal width.

The fabricated phase diffraction gratings of greater déptthingtime 40min)revealed a
disagreement betwedine experimental and simulated diffraction efficiencies. From the obtained
SEM micrographs it was found that the profile of diffraction grating is sine trapezoidal (Fig.1.).
The change of the initial rectangulprofile could be addresses to the anisotropy of plasma
chemical etching. Depth of the fabricated structures was estimated tfenwhite light

transmission spectroscopy measurements using the (1) equation [2]:

he(oker), /&M LU (1)
2 ?nj-nfsinza cosa 9

whereUis the angle of incidencey, n, i refractive indexes of the incidence media and

diffraction grating respectivelk= 0 , 1, 2 é
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Fig.1.a) 0 P CGr a of sine trapezdidallprofile diffraction gratir@'l"érating peri'odh I groove
depth,a, b1 width of the ridge and groove respectivelySEM micrograph of the diffraction grating

Numeri cal di ffraction efficiency (reflectio
software using sine trapezoidal grating profile are in good correlation thatlexperimental

results(Fig. 2.)
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Fig. 2. Experimental and simulatigasults of absolutdiffraction efficiency (reflection) of diffraction
grating of periodl= 2 ¢ m, h=46& r{a#¥01 nm,b=530 nmmeasured for different ahe of
incidence.

Resuts:

1 We have shown that our produced beam splitters demonstrate high diffraction
efficiencies (73.4%, &=405nm) ;

1 The disagreement between experimental and theoretical diffraction efficiencies of
the fabricated beam splitters was explained by the anisotrfoplasma chemical
etching, which causes sine trapezoidal profile of the grating.

1 We have demonstrated that depth of the grooves can be evaluated from the white

light transmission spectroscopy measurements.

[I] Tamul evilius T.; Geperys R.; Mor klnas V. ; Kopustin
Diffraction Grating Based Beam Splitters: Calculations and Implementatidnternational Conference
Radiation Interaction With Material and Its Use In Technidsg2010 materials2010, 357360 psl.

2 Tamulevilius T.; Tamulevilius S.; Andrulevilius M. ;
Geometrical Parameters of MieRelief Structuredater. Sci-Medzg.2006, 12(4), 36865 psl.
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Recently a huge progress was achiewedevelopment of ultrashort pulse (<ps) fiber laser
technologies [1] However,due to the nonlinear effects in the core of figemoducing high
energy ultrashort pulse fiber oscillatorasmplicated [2]. One of theimplestway to solve this
problem is to genate low energy pulses with fiber oscillator, and furiherease their power in
fiber amplifier(MOPA'T master oscillator power amplifieischeme)

In this experiment, the diode pumped fiber amplifier wasstoicted. The picoseconds
pulses from athormal dispersion fiber oscillator were amplified. Amplifier gain media was

glass doped Ytterbium ions (Fig. 1). One of its propeitissnall quantum defedt5%), that
leads to potentially very high power efécicy.
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Fig. 1.Absorption and emission cross sections of ytterbilaped germanosilicate glass, as us
in the cores of ytterbiurdoped fibers [3].

Measurements were made for several values of pump and input signal powers. It was
noticed, that theamplified spontaneous emision (ASE) dominates while having low input
powers. With higher powers, the saturation was observed, the gain was increasing slowly (Fig
2). After shortening Ytterbiurdoped fiber, output power increased (Fig. 3).
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Fig. 2. Dependence of output powes,, from Fig. 3 Amplifier gain G from pump power
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[1] F. ¥ Il day, J. Buckl ey, L. K u z-femtbssconcpoallses feoma  F . W.
ytterbium fiber laser, Optics. Expres$, 35533554 (2003).
[21J. R. Buckley, F. W Wi se, F. ¥. Illday, and T. Sosn

above 10 nJ, Optics. Lette), 18881890 (2005)
[3] http://www.rp-photonics.com/ytterbium_doped_gain_media.html (202-21)
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We present a study of optical properties of Spiral Zone Plates (SZPs) [1]. The SZPs are
apertures which not only focus light, as wiatlown (Fresnel) Zone Plates, but also modify its
angular momentum. The emphasis of the reseiarphit on the spatial shape of foci, as well as
on the behaviour of the beam near a focus.

In the experiment we use a binary SZP, that is a mask [2] consisting of transparent anc
opague parts one/zero transmission (Fig. 1). Such an aperture giveses sérfoci with focal
lengthsf/n (wheref is the major focal length andis an integer). The number of arms indicate
the topological charge of the vortex for the major focus. The nth focus has the topological charge
ntimes that of the major focus.

The SZP foci have unique properties. The light in the focal plane forms a thin ring with
radial fringes (Fig. 2). The radial fringes bend as the plane is moved towards or away from the
aperture.

Our experimental findings are supported by both a numerical siimuland a theoretical
model based on the Ref. [3].

Fig. 2: Spiral Zone Plate with 3 arms. Fig. 3: Image (3mm x 3mm) of a nefucal region
of a SZP with 3 arms. The intersection plane is r
the 6th faus.

[1] . R. Heckenberg, R. McDuff, C. P. Smith, and A. G. White. Generation of optical phase singularities by
computergenerated holograms. Opt. Lett. 17, 228 (1992).

[21P. Mjg®#agFita, C. Radzewicz, BesnelMane platesHkor useNimane f r
undergraduate laboratory. Am. J. Phys. 76,-229 (2008).

[3] V.V. Kotlyar et al. Diffraction of a plane, finiteadius wave by a spiral phase plate. Opt. Lett. 31, 1597
1599 (2006)
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Theoretical model is developed of setfjansation effects in chromium layer under
incident laser beam. In the actual experimdm@ beam of a nanosecond pulse laser tightly
focused to a line was applidor the backside ablation of the chromium thin film on a glass
substrate. The stripe ablated with a single laser pulse had sharp edges on both sides and ridges of
the melted metadround it. Subsequepartially overlapping pulses formed a wide cleanesh
with a complicated structure made of the metal remaining from the ridges. Regular structures,
ripples, were developed when the shift between pulses was less than half width of the line
ablated with a single laser pulse. The ripples were located maligd(4 em) and were
orientated perpendicularly to the long axis of the beam d$pfferent theoriesof the ripple
formation in the thin metal film were consideré2he of the most probable reason for such metal
layer behaviour appears to be surféeesion of the boundary diquid metal dependence on
temperature. This model is developed to estimate the influence of this effect.

The theorem, which describes surface tension dependence on temperature influence to fluid
flow near the free surface is dwn as Marangoni effect. It states that surface tensibepends

on temperatur@. Expanding surface tension up to the first order in temperature, we obtain

HSs _ps pT 1)

We omit surface tension dependence on concentration. This equatiapplied to
boundary condition of air liquid metal boundary
p R _ ps il )
My WD X
Whered is dynamic viscosity of liquid materialy is the tangential component of velocity
andy is the normal coordinate.
Full Navieri Stokes equation system neddsbe considered because of significant-non
linearity effects of the fluid flow:
rgéy+v®v8=- B +m°v+F (3)
GHt *
P& =0 4)

The standard diffusion equation was used for temperature dissipation.
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Comsol Multiphysics 3.%vas used for a computational scheme. Moving mesh is also
required to model this situation. Calculations to this fully coupled multiphysics simulation was

carried out for a wide range of parameters. Typical results are represented in Fig.1 and Fig. 2

Fig.1 The process of ripples formation.

o e 090900

Fig.2 Cooled ripple

[1] K.RegelskisRipple formation in the chromium thin film during laser ablatidpplied Surface Science 253
(2007) 65846587

[2] D.lsvoranu Marangoni convection basic mechanism explanation using thgotmtotheory of mass and
heat transferinternational Journal of Heat and Mass Transfer 47 (2004) 33682
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All -optical poling of azalye polymers is carried out by inducing the second order
nonlinearities by means of polychromatic interference of first and second harmonic Waees.
optical poling of azalyes in the polymer matrix is going throughcadled reorientational hole
burning and molecular reorientation mechanisfitss is a complexmechanism consisting of
three parts:

* photo excitation of azdye and isomerization ofdns state transforming to cis state;
% cis state relaxation back to trans state of e
* molecular thermal induced orientational diffusion.

Kinetic equationgor the opticalpoling model were proposed by-JM. Nunzi [1], where
only the trans statef azo-dye was taken into consideration in thyaical poling procesd.ater,
this model has been improved imgludinginto the overall balance of kinetics the molecules in
the cisstate [2. Our simulations are based ¢inis more general modéelVe obtained ifinite
system of coupled differential equations for order paramé&jeasd C;, which define 1D all
optical poling model [3]. This system was truncated to 10 equation system and solved for case of
CW laser excitation by numerical methods using MATLAB software. It is assumed that before
poling process, all azdye molecules are in uxeted state (trans state) and oriented
isotropically. The parameters needed for modeling of optical poling are found out by fitting to be
near to real parameters of materials used for optical poling experiments [4]. The fitting of the
theoretical modelingvith the measured relaxation of induced second harmonic generation in the
"dark" regime is presented on the Fig.1 for azo phenylcarbaz6@8\n polycarbonate polymer
matrix. This fitting was obtained with model parameters: single photon excitatiof*i&e ™,
two photon excitation rate 2*10s*, azo dye orientational diffusion coefficient 11*16" and

cis isomer relaxation time 400s.
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Fig.1. Amplitude of generated second harmonic in phenylcarbaz6®8Wersus seeding and reading

time inall-optical poling process. Curve with dots is theoretical modeling, with triangbgserimental
results.

It is shownthat the relaxationkinetics of optical poling canbe dividedinto shorti and
long i time relaxationkinetics Long time relaxationkinetics is fully describedby diffusion
coefficientD; for the trandgsomer The shorttime relaxationkineticsdepend orthe conditionsof
the micro - texture grating writing and is mainly caused bythe relaxationkinetics of the cis

iIsomerand paramets for thereorientation probabilities

[1] C.Fiorini, F.Charra, 3M.Nunzi, P.Raimond, Quagiermanent albptical encording of noncentrosymmetry
in azadye polymers).Opt. Soc. Am. B4(8), 19842003 (1997).

[2] G. Xu, X. Liu, J. Si, P. Ye, Zh. Li, Yu. Shenodified theory of photoinduced molecular polar aliggnment
in azo polymers, Opt. Lett., 25(5), 3331 (2000).

[3] R. Petruskevicius, L. Kucinskaite, G. Navickaite, G. Seniutinas, R. Tomasiunas, Photoinduced Molecular
Polar Alignment in EO Polymers by AHOptical Poling Holographic Methods, IEEE Proc., 4p., (2010).

[4] G.Seniutinas L.Laipniece, JKreicberga, VKampars, JGr agul eviPeitusygkeR. |
R.Toma i WptaAsBure.JApplOpt.11, 034003 (2009).
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The spectral regionf 1.5mm is very attractive, as it is supposed todyesave andas

wide technical and technological applicatioi$e configurations of such lasers are rather
different There areshort length resonatoedfiber optical amplifiers of different lengths (from
few cm up to several metergjifferent varants of glass lasem@nd crystal active media lasers
which use end or transverpamping scheme, laser diode pungpor pumping by Ti: sapphire
laser Nowadays, the most popular system of this type is a diode pllaper systerwith glass
media ©-doped with erbium and ytterbium iork, .

The question about geometrical and power parameters optimizatighigdaser type
remains actual. Irthe literature optimizations(for threshold medialength slopg are done
mostlyfor fiber opticalamplifiers shortactivemedialasersoptimizationis mostly abandoned.

We heldout numeri@l simulation ofshort laserlt revealed 2], thatoptimal geometric and
power characteristics can also be determined for this tylasers.

We consider on€imensional shoflaser model with an active medium been a glass matrix
co-activated by Er and Yb iond3Ve use the foulevel schema for the descriptions of the
dynamics of populations Yband Er* ions(theup-conversion processésis been neglected)

For the evolution of dimensionless intensities been used the propagation equation

M. (x 1), _fefx
Mt K

Polarizationandinhomogeneoumedia issues were not taken ictmnsideration.

D dicn(xd ks@ n(xd) FOIOK Hxx BOH )

Herewe discussesultsof researchowardsoptimal thresholdandslopevalues Threshold
power dependenceon active media length is given on fig.1la for severalpump absorption
coefficient Ip (that is, for several Yb ion concentratignsAn qualitative explanation for
minimum can be given

In caseof short active mediaamountof absorbed energis rather small, so higher

puming power level is required to reach generetion threshold. With the increase of media length
L amount ofabsorbecenergyraises, so threshold value lowers down to some minimal value. In
the case of long active media most poweahisorbedhear input mirror and the other media part
is excited relatively low. This part introduces neglectable amplificcation, and ingleases
that lead to threshold value increase.
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Maximum on fig. 1b in slope versus lglependence can be explainedhe sameway.
However we point out that despite the same explanation, regions of optimal threshold and slop

values differ.

[1] S. Liu, F. Song, H. Cai, T. Li, X. Zang, Z. Wu, J. Tian, , J. of Appl. Phys., 108108104 (®07)

[2] L.I. Burov, G.G. Krylov, L.G. Krylova Influence of spatial inhomogeneity of pump energy distribution on
output characteristicsof Yb:Er |l aser with end pl
4., 368380 (2010)
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The scattering of the opticalcomponents caused by surface topography, surface
contamination, bulk index fluctuations, and bulk particulft¢sCoefficient of the reflection of
optical component is decreased and losses of the optical laser system increased due to the
scatterind?2]. That is the reason why scattering losses must be minimized as much as possible. It
Is more usual to measure the total integrated scattering (TIS) from a component than to measure
the scatter as a function of angle of incidence. The measntegmeciple of TIS described in
International Standard 1SO 13696:2001 is based on an Ulbricht sphere as the integrating element
for scattered radiation and cw la$8}. The Ulbricht sphere is standard scattering sphere coated
with suitable scattering surface and fitted with aadle detector for the wavelength of interest.

This work explores modified TIS measurement scheme based on repetitre@htoQed laser
source. Usage of the repetitivelysgitched laser source allows easier measurements at different
wavelengths using @nlaser with harmonic generators and optical parametric oscillators. The
main aim of this work was evaluation of the influence of the laser beam diametre on the TIS
measurement accuracy and roughness estimation of the polished substrates.

Measurement of IS was based on 1 kHz repetition rates\@itched laser and capable to
perform measurements at 532 nm and 355 nm wavelengths. ISO 13696:2001 requires that laser
beam diameter on the measurement surface would be larger than 0.4 mm for correct surface
rougmess estimation. Measurements in this work were taken using four different diameters
some of them bigger (up to 1,12 mm) and some smaller (0.2 mm) than required by the standard.
Scattering losses of the entire mirror surface measured using different di@ameters are
presented in the Figure 1. From the experiments conclusions was made, that decreasing of the
beam diameter increases resolution of the scattering centers, a little bit increases the surface
roughness values for local places and increaseslulation of the measurements. When the
average surface roughness must be evaluated all used in the experiments beam diameters could

be used as it changes the roughness values in
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Fig. 1 Scattering losses of the entire mirror surfaeasured using different beam diameters.

[1] J.C. Stover, Optical Scattering: Measurement and Analysis, S fnteffational Society for Optical
Engineering, Bellingham, Washington, USA, 1995.

[2l M. Maciulevilius, OpmentO daegbsisklazeosnt @rieh
Daktaro disertacija, Vilniaus universitetas, Vilnius, 2009.

[3] 1.O.f. Standardization, International Standard ISO 13696, Optics and optical instruri@stsmethods
for radiation scattered by opticalmponents, Geneva, Switzerland, 2002.
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Efficiency of thinfilm Culn,Ga1.xSe (CIGS) solar cells with large active area might be
maintained if small segments are interconnected in series in order to reduce photocurrent and
resistance losses [1]. Theoretical CIGS element efficiency limit reaches 27% [2] with a record
value of 203% [3] which was demonstrated in laboratory conditions. Cell interconnect
formation requires high quality scribing with precise depth control. Laser ablation has been
established as one of the most effective method of solar cell element microfabricatiaa me
[4]. Scribing the thidfilm solar cells with Gaussian beam profile causes damage in the center of
laser machined trench and excessive melt formation at the trench edges. To avoid damage and
melt formation it is necessary to convert it to a more skaitpiofile beam [1].

3P 4000 : : S
- - = Gaugsian beam shape .
= top-hat beam shape

Zn0:AlL {350 nm) 2000+
CdS (10 num)

£

a Culn Ga,  Se, (Zpm) 3 2000+
0o

Mo (0.5 pm} 10004

P {25 pm}

10 308040 B0
E, pnd

1P

Fig. 1.The structure of CIGS thifiilm solar cell ~ Fig. 2.Relationship between the ablated crater a
element and three scribing processes done a and lasepulse energy.
different stages of the production process to for
cell interconnect.

The aim of this research was a laser beam profile formation withabpaser beam
shaper and photovoltaic thfilm processing mode selection in order to maximize the quality and
productivity of thinfilm laser scribing. The photovoltaic elements use@xperiments where
complete multilayer thifilm solar cell structures made of ZnO/CdS/CIGS/Mo/Pi layers (Fig. 1).
Laser with picosecond pulse duration (10ps), 100 kHz rate and 1064vawvelength  together
with laser beam profile shaper were used in tteeements. In this work, P3 scribing process
was studied to expose the Mo bamkntact layer. Relationship between the ablated crater area
and laser pulse energy is shown in Figure 2. The experiment shows that the laser beam profile

has flattened when telpat laser beam shaper was used.
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High quality P3 type scribes in CIGS solar cells using-Hap beam profile were
achieved with 500mm/s scanning speed, 5 scans and 0,63 W laser power. Uniform exposure (
Mo backcontact was observed with small melted areh the edges. Using Gaussian beam
profile laser scribes were achieved with 500mm/s scanning speed, 3 scans and 0,6 W last
power. In order to maintain damaffee molibdenium back contact less scans were performed,

however, wider melt formation areas webserved at the edges.

X1,000° < 10pm L% °X1,0000 “1opm

Fig. 3. SEM images of the P3 scribe in CIGS solar element with djetiop) Gaussian beam shapes.

Top-hat laser beam profile increased productivity of 4filim solar cells scribing and has
led to greater ablation quality, thésee it has great potential in the rodl-roll production

applications.

[I]P. Gelys, G. Raliukaitis, M. Ehrhardt, K. Zi mme
Processing, 2009,101, 3B38.

[2] Cheyney, T. Photovolt. Int. 2008, 1, 8.

[3] Kho, J. otovoltaics World. 2010, 6, 227.

[4P. Gelys, G. Raliukaitis, M. Gedvilas, A. Selsk
12508.
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Nitride based laser diodes (LDs) which cover the emission wavelengths from ultraviolet to the
green region recently become a subject of intensive studies. The emission wavelength can be engineered
by changing the indium composition in the quantum wallse can shift the wavelength from ulvelet
up to green from quantum wells [1]. For a successful operation of LDs not only perfect structural quality
of grown layers is crucial but also the reduction of the optical losses in the laser structure greathe
importance.

In this work we study a new design for waveguide (WG) and cladding layers (CL) for nitride based
trueblue LDs operating at 45060 nm to reduce optical losses. We calculate the influence of
composition and thickness of WG and CL on the confinement fantbinternal losses of a LDs (for LDs
details see Fig. 1a). A orttmensional method developed bl J. Bergmann and H. C. Casey [&].is
used for numerical determination of the transverse electric field distribution. Parameters for calculations
were talen from Ref [3]. In Fig. 1b we demonstrate how the thickness of upper cladding layer affects the
internal losses. For too thin claddings the mode reaches the highly absorptive upper gold contact which

causes unnecessary losses.

[ T I [T I
—=—q. total
% o Au contact

Gold contact, 0.1 pm

w
ST

[
moo
[
L~

Upper AlGaN cladding

LS
B

Upper GaN waveguide

Upper InGaN waveguide % ‘;

Active region (QW+QB+EBL) % - —

Lower InGaN waveguide pg , \\‘k

Lower GaN waveguide f \‘“\

Lower AlGaN cladding j T

Substrate T or o4 os o8 o1 o

Upper cladding layer thickness [um]

Fig. 1. () The simpligd LD structure, (b) the influence of upper cladding layer thickness on internal
losses fot =460n m. Note that c¢cladding thicker than 0.7 Om
contact layer.

By changing in the composition of waveguide we can 8aamntly modify the operating
parameters of a LD. Fig. 2 shows a comparison between two waveguide designs: a) 180 nm GaN
waveguide, b) 180 nm GaN with internal 90 nm InGaN high refractive index waveguide. The

second design not only gives a higher confineinfactor but also lowers the internal losses
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caused by magnesium doped cladding and gold contact. Fig. 3 shows the magnification o
optical intensity from Fig. 2. In case of the waveguide without indium the mode leaks to the
substrate which negatively effts the fafield pattern [4]. The design with an internal InGaN

waveguide eliminates this phenomenon.

(b) F=125%

T=083%

WG 0% In WG B % In
CL 8% Al, 2 um

CL 8% Al, 2 pm

index
ve index

Refractive
Refracti

0.0 0.2 0.4 0.6 08 1.0 1.2 14 0.0 0.2 04 0.6 08 1.0 12 1.4

Transversal position x [ gm] Transversal position x [ um]

Fig. 2. The crossection of a LD showing refractive indices (blue) and the optical intensity (red) for
| =455 nm. (a) without indium side waveguide and (b) with the internal InGaN waveguide.
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Refractive index
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24+
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Fig. 3. The magnification showing mode leakage to the substrate for the design without (a) and with (b)
the internal InGaN waveguide.

In conclussion, we demonstrated that proper design of the waveguides and claddings
reduces the optical losses in the contact layer and the substrate. We will compare one
dimensional model prediction with more genetab-dimensional method developed by U.

Schwarz et al. [5].

[5] J. Wu, W. Walukiewicz, K. M. Yu, J. W. Ager lll, E. E. Haller, Hai Lu and William J. Schaff, Appl. Phys.
Lett. 80, 4741 (2002).

[6] M. J. Bergmann and H. C. Casey Jr., Journal of Applied Physics, 84(3) 125 1998.

[7] G. M. Laws, E. Clarkins, |. Harrison, C. Molloy, and D. Somerford, J. Appl. Phys., 89(2)1085,

2001.

[8] L. A. Coldren and S. W. Corzine. Diode Lasers and Photonic Integrated Circuits. Willey Interscience,
1995.

[9] U. T. Schwarz and B. Wi t z i egemating lasers: Qnedsiremart ang r o

s i mu | anvitedacmapter in Nitride Semiconductor Devices, edited by J. Piprek, Wil#y 2007.
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Optical parametric generation (OPG) is a promising methoaldéeelopmenbf tunable

light sources [1, 2]. These light sources "M 231 em spectr al rang

AV e. 1

e coul

analyzing properties othe water rich biologicalobjects, which are characterized by high

absorption in thispectralrange. It isalsoimportant to generatat this wavelength femtosecond
pulseswith sufficient power for laser micromachining of those biological tissues.

PPLN

Ap=1,026 pm ¥ e H i
Pharos  — 1 — Il [llilllll g U i
i E E :-

'
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'
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A TS L oteeeommmeed M1 M2 F TS

Fig. 1. Experimental setupfone a sur ement of OPGOs p ® wigars, Lélena,r act er i s

TS1thermal power sensor filter(s), A- attenuator

The experimental setup (Fig. 1) consist of Pharos ladeKEW) producing 290 fs pulses
at 100 kHz repetition ratat 1026nm wawelength.We used &8 mm long and & mm thick
periodically poled lithium niobate (PPLN) structungth 27 gratings, whoseeriodsvaried in
0.250 mstepf r om 25 .50 mOFbrdhe Geheration of the idler wave in 2.3 . 1
spectral range we used grat g wi t h 29 TheOmrpetrabd.was

temperature ithe copper oven in order to minimize a photorefractive effect.

90

0!
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60:
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40+

Pout MW

30}

20+

Fig. 2. OPGsignaloutput powerdashed lineand SHG power (solid lings a function of pumping
power.

First of all, the optical damage thresholdtioé PPLN crystal was found out by takitige
measurements ahe laser beam diametesn the crystaland energy, which csed surface
damage. Measurements showed that damage thrésh@dn 1 test with S=f@pulses with 290
fs duration at repetition rate 100 kiMzas0.02 J/cn.
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The experimental setup for analysistikOP G6 s power isdh@avnoaEid.&r i s
Output and pumping power was measured by Ophir Optrotiesmal power sensor.
Furthermore, tw mirrors with high reflection index 499.6 %) for pumping wavelengtl{ & =
1.0 2 6 Wene)used. Selective filters foequiredwavelengtls were closen dependinghich
conversion efficiency was measure8elective filterlKS-5 was usedh conversion efficiency to
signal powemeasurmentsand the filters SZST 21 and SZS 25 were usd for conversion
efficiency to thesecond harmoni(SHG) (513 nm)measurement&esults are shown in Fig. 2.

Measured threshold pump intensfty parametric generatiowas equato 2.77 GW/cn?
usingthe 8 mm long PPLN structurélhe conversiorefficiency from pumpng (1026 nm) to
signal (1535 nm) was 11 % when 23 GWcpumping intensity was reached. Conversion
efficiency into SHG was measured6% when 15 GW/cnf pumping intensity was reached.
Measureddata shows, that quite low optical parametric generation efficiesycaused bya

competitive processf SHG, which broughaway large part of pumping energy.
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Fig. 3.Registrated spectra tifie second harmonics of the pump and signal pulses and spectrum of the
sum frequency

Output parameters of the OPG radiation were measured using Avantes spectograph, witl
registration range from 200 nm to 1110@, i.e. that was too narrow to observe radiaof OPG
directly. Recorded spectral di&ution is shown in Fig. 3, where spectral line at 619 nm
corresponds to the sum frequency generation of signal and pumping pulses, 777,5 nn
corresponds to the signal wav e oOs toshe SHGhad h«

pumping wave.

[1] M. H. Dunn, M. Ebrahimzadeh, Parametric generation of tunable light from contimaues to
femtosecond pulses, Scien286, 15131517 (1999).

[2] U. Bader, T. Mattern, T. Bauer et al., Pulsed nanosecond optical parametratgebased on periodically
poled lithium niobate, Optics Communicati@1,7, 375 380 (2003).
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Tunable wavelength light pulses with less than 20 fs duration are required for ultrafast
molecular dynamics experiment, for example coherent 2D spectroscopy [1]. Such octave wide
tunable pulses can be generated at up tdHz repetition rates by a noncollinear optical
parametric amplifier (NOPApumpedby the thirdharmonic ofan Ytterbiumlaser systen].

Typical NOPA design employs: white light generator (WLG), an optical parametric
amplifier and a pulse compressor.agiical pulse compressor based on a pair of prisms is
i nsufficient in <20 fodlerdispgsiom®that methods are meeessaryd u a |
for highrorder dispersion compensation of NOPA optical components. Computer programmable
pulse shapersadsed on acoustoptic modulator or liquid crystal mask, which is placed in the
Fourier plane of4f optical systems, allow one to manipulate the phase of the individual
frequency components, which permits to compensate complex phase distortions. A simpler
aternative of adaptive pulse shaperdfi®ptical line with passive phase mask. Such system was
developed in commercial NOPA for Ti:Sapphire laser systemm®PASwhite [3] and allows
generation of tunable wavelength pulses with duration down to 10 ésmgjority of losses in a
pulse shaping apparatus are due to the dispersive element, typically a grating. Energy losses have
to be reduced in order to use pulse shaper in the high repetition rate NOPA.

In this contribution we present results on numerioaldeling of negative dispersiotf
pulse phase shaper consisting of a prism (near Brewster) as the dispersive element and passive
phase mask, whicis placed in the Fourier plane. A simplified setup of the pulse shaper model is
shown in Fig. 1. A phase migsvhich we use in our model, is thin, transparent glass plate with a
curvature as a function of the spatial coordinate. Group delay of each frequency component is
predefined by a refraction angle in the Fourier plane and the path length in the seamnd pris
Spatial dispersion after the second prism is compensated by double pass through the optical

system.

f

e—— RR

Fig. 1. 4f pulse shaper configuration (Rorism, FMi phase mask, RRretroreflector).
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The phase mask surface curvature has been estimated using ray tracing technique. We ha
calculated optical path length and group delay for each frequency component, which is passes &
optical system of NOPA, which consists of a WLG crystal plate, puis@es, crystals in
amplifier and compressor based on material dispersion. Result of the group delay calculation i
shown in Fig. 2. Our 3D model dfconfigudtianaviths h a
single SF10 prism, spherical mirror insteadtlod lens and a flat folding mirror in the Fourier
plane. The phase mask is positioned in front of the folding mirror.

1500 ——
1200 4 GDD > 950 fs’
& 900 L/ IGDD| < 30 fs’
= 600 \
% + A
5 300 x -
D N -
Q. 0 ST
g 300 o - i > d
-600
-900 p—-
450 500 550 600 650 700
Wavelength (nm)

Fig. 2. Dispersion property of the NOPA components. The GDs of materials in WLG, amplification and
compression stages (dashed curve), the pulse shaper (dotted curve) and the total NOPA (solid curve) ar
shown. Also shown is calculated coefficient of group delageision.

The upcoming work is to check newly designed pulse shaper experimentally with a NOPA

pumped by the third harmonic of an Yb:KGW femtosecond laser (PHAROS, Light conversion
Ltd.).

[1] Two-dimensional electronic spectroscopy of the BEBBRO lightharvesting complex, DZigmantas, E.
Read, T. Mancal, T. Brixner, A. Gardiner, R. Cogdell, G. Fleming, PR@$ 1267212677 (2006)

[2] C. Homann, C. Schriever, P. Baum, E. Riedle, Octave wide tunabjpudiped NOPA: pulses down to 20
fs at 0,5 MHz repetitin rate, Opt. Expresks, 57465756 (2008)

[3] www.lightcon.com
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Various microoptical devices allowing to guide and direct light are used nowadays. Those
devices range from microlens, diffraction gratiiggphotonic crystals. Microlens are now fairly
widely used in scientific research and industrial applications, although one can miss a detailed
examination of their focusing properties, especially when nearing the nanoscale.

Here we present aspherical mulens arrays of various parameters (Fig. 1) fabricated by
means of multphoton polymerization technique, granting unrelevant flexibility of microsystems
design. The arrays are made of hybrid orgamicganic photoresist ORMOSIL (SZ2080,
FORTH), chosendxause of its high mechanical resistance and good optical properties.
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Fig. 1. SEM micrograph of aspherical microlenses with various parameters fabricated by means of multi
photon polymerization.

Mi crol enses with radiemvandyilnignearont r2abn selna ttio
from 1000 em [ s t o 1800 em [ s wer e successfu

specificallyfocal distance and beam waist radiwgere examined (Fig. 2).
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Fig. 2. (a) SEM mi cr aricarnicmlens arfay. (b)Beagnmaist radisvsl s a s |
distance from lens surface) (of one selected microlens.

y: 96 |um

Fig. 3. (a) Surface topography of a diffractive optical element. (b) SEM micrograph of microlens array
made by interference polymerization.

One of many possible applications of microlens arrays is their use for multibeam two
photon polymerization processing [2, 3], allowing to noticeably reduce fabrication time of
repetitive structures and still employ an unprecedented flexibility of the tedyoldere
diffractive optical elements and microlens arrays made by interference polymerization technique

(Fig. 3) are presented.

[1] M. Malinauskas, A. Zukauskas, V. Purlys, K. Belazaras, A. Momot, D. Paipulas, R. Gadonas,
A.Piskarskas, H. Gilbergs, A. Gaik ev i | i Tt &, I . Sakellari, M. Far ¢
polymerization of hybrid/integrated miaptical elements and their characterization, J. 1Qpt.
124010 (2010) .

[2lC. S. Lim, M. H. Hong, hvk,ALSi Kumar, Q. Rakriar, MicBlens &8ray L u
fabrication by laser interference lithography for supmolution surface nanopatterning , Appl. Phys. Lett.

89, 191125 (2006).

[3] R. Guo, D. Yuan, S. Das , Largeea microlens arrays fabricated on flexibleypatbonate sheets via

single-step laser interference ablationMicromech. Microeng21, 015010 (2010).
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Every modern higipower ultashort laser system involvpsise stretcher and compressor.
Ultrashort pulses are initiallgtretcled in time andféeera mp | i y they tarerecompressed
with the help of the reversed dispersammpressar

The aim of this work was to develop the compressor for ultrashort pulses derived from
femtosecond oscillator and further amplified in an optical parametric amplifier. In order to obtain
high stretch factor, it is necessary to use highgpersive SF 10 ki glass stretcher. The
compressor mustompensat@&ot only group velocity dispersion @VD (that is introduced by
dispersive materialput alsothe third order dispersion or TOD. If left uncompensateftiover
TOD will prevent the pulse from being congsised to its transfortrmited duration.

A compressor consisting of grating and prism pairs has been modededany
corfiguration of a grating compressor, the GVD is always negative and the i @vays
positive. However, aprism pairproduces negfive GVD and negative TOand can be used
complementary with a pair of gratingéhe results of output pulse group delay or GD modeling

are depicted in fig. 1.
15
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GD, ps
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-10
650 700 750 800 850 900 950
\Wavelenath 11im

Fig. L Compensate&D (solid ling, GD induced by glasslésh, gratingpair GD (dotg, prismpair GD
(dash and dot

[1] C. Wang , Y. Leng, C. Li, B. Zhao, Z. Xu, Parameters optimization and phase analysis of decentered
grating stretchers, Optics & Laser Technology 42,-66% (2010).

[2] L. P. Kuznetsova, HIGH ENERGYULTRASHORT-PULSE FIBER AMPLIFIERS (A Dissertation
Presented to the Faculty of the Graduate School of Cornell University, 2008).

[3] J. C. Diels, W. Rudolph, Ultrashort Laser Pulse Phenomena (Elsevier Inc, 2006).
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The beam propagatiomethod(BPM) is an approximation technique for simulating the
propagation of light in slowly varying opticataveguides. BPM has several key advantages.
First, BPM is an effective method of modeling. Second, BPM is a quick and easy method of
solving for fields in integrated optical devices. Third, BPM has also been extended to be
applicable to analyze: polarizati, nonlinearity, nonparaxiality, reflections and other physical
phenomena.

Two coupkd Fresnel equations in partial derivatives (3D geometry system) are used to

describe first and second harmonic waves in 3D polymer layer @f{x, y,z) micro-grating

pattern:

2 2w —w

2 2
2 KoMyo “EZW - uwlfw * “ufzw +KE(n2(x,v,2)- 2 )E, +KEc® (x, v, 2B, Ere ™ "

2

2 2
o Pt =B s BB (08 (x,y.2)- o, + 160 (0 v, 2)E, B0
(74 pXx Ky (2)
where K, = kW:%V, ] =J-1, Db = 2k,(n,,0 - N,,) - Phase matching mismatch (determines

QPM grating period),n,, and n,,, are refractive indices of the first ansecond harmonic

waves. Induced secoratder nonlinear susceptibility is describesifollows

c?(x,y,2)= c2(x,y, z) co{Df + Dkz)expde w 28 3)
g -

where Df =7, - 2f, - phase mismatcha,, second harmonic absorption coefficiesntd

induced effective nadinear susceptibility:
il (% ¥.2) = ¢ (x. Y, ) Re(EJE,,) (4)
Eg. (4)means that we have a generation of static electric field [1].

The above Eq1) and Eq(2) system is so called BPM mod#lelectromagnetic optical
poling. Equations are sobd by finite difference BPM [2, 3], using the Craicholson
difference schemes with ADI (alternating direction implicit) algorithm. A transparent boundary
condition (TBC) capble of handling wave propagation in the infinite spacecorporated in

the finite differance algorithm.
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3D optical poling results (first and second harmonic intensity distributions and induced

c'? distribution) are showin Fig. 1, wherec®® =1.8*102*m?/V?. As shown in Fig. 1, we get

depletion of first harmonicand localization effect of second harmonic and induced ¢‘®.

During this work 3D optical poling BPM model for focused polychromatic beams has
been presented. This modalso takes into account optical pofinspecifics related to the
orientational hole buing mechanisms. Fthermore, it was shawthat it is possible to achieve

spatial localization of induced® and depletion of first harmonic.

Fig. 1. First (green color) and second (pink col@monic distributions (a)(ZY plane), (b}(XY
plane), where z = 0.7mm, (eshows the induced® (ZY plane), (d)- induced ¢® (XY plane), where

z=0.7mm. In all figuresc® =1.8*102°m? /V2.

[1] P.S. Weitzman, U ¥st erberg, A modified beam propagation met't
it optical fibers, Journal of quantum electronics 29, 14343 (1993).

[2] R.Pet r u g kBPM imbdelingsof thregvave interaction in periodically poled seceoidier nonlinear
materialsL i et uvos f i32 1685 (1998).r nal as

[B]R. Petrugkdauiilmoud auko (TEV,Yilhias]2008)k ampad opti ka

146



PP-45

SPATIAL CHIRP AND ANGULAR DISPERSION DYNAMICS IN FEMTOSECOND
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Nowadays the noncollinear optical parametric chirped pulse amplification (NOPCPA) [1]
is a well establishetechniquefor generation of ultrdigh-power, few cyte opticalpulses. A
number of published analytical treatments and numerical simulations on NOPCPA performance
optimization focus mainly on achievable gain bandwidths and conversion efficiencies. However
in case when pulse length in space is shorter than its traesdenension it is necessary to
consider also the possible spatmnporal pulse distortions, such as pulse front tilt, angular
dispersion, spatial chirp arising as a consequence of noncollinear parametric interactior
geometry of NOPCPA

In this contribtion we present the results of theoretical and experimental study on
transformation of chirped pulse spatemporal characteristics durintpe amplification in
femtosecond noncollinear parametric amplifier.

As it was demonstrated by Akturk et al. [2], ilfront tilt and angular dispersion are not
equivalent, thus from pulse front tilt one cannot conclude that pulse has angular dispersion
Alternatively, pulse front tilt can originate from the presence of simetias spatial and
temporal chirpsThe orgin of spatial chirp and signal pulse tilt during amplification in NOPCPA

can be explained with the help of Fig. 1.

Fig. 1. Noncollinear interaction scheme when pump and signal fronts are mismétche
andk, denote propagation directions of sigaad pumppulse r especti vel
opti calp haaxsi es ; madt ¢ hriomcglinearitygahgke., U

As one can see the gatontour (defined as overlap area and depicted thilblack line)
is tilted, i.e. at different time slices different part of signal beam (red line) is amplified.

Therefore during parametriamplification powerful pump (green line) makes signal pulse tilted.
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Moreover, if input signal pulse is temporallgiped then differemvavelengthsare amplified at

different transverse positions (Fig. 1), thus amplified signal pulse acquires spatial chirp as well

These considerations were approved by (2Danerical simulatios of BBO-based
femtosecondNOPCPA Signalpulsespatietemporalcharacteriscs after amplification obtained
by numerical modeng are depictedn Figs. 2a2c. As we can see amplifiesignalpulseis tilted
(Fig. 28), has spatial chirp (Fi@b) and has negligible angular dispersion (2g.

0,8 0.8

16

0,6 0,6 1,2
04 04 0,8
0,2 0,2 04
£ £ €
g 0 E 0 E 0
02 X 02 b
0.4 -0,4 0,8
0,6 -0,6 1.2
0'?0.3 -0,15 0 0,15 03 .0@50 -25 0 25 50 >1'§50 -25 0 25 50
t, ps v, THz v, THz
(a) (b) (c)
Fig. 2. Amplified signal pulse intensity profiles in three different domdajsspacdime domain (xt);
(b) spatiespectral domai (x-3 ) ; ( e¢emposapspectium domaind ) .

Also, analytical treatment of this phenomenon have beeiorpeed and two important
expressions were obtained from which we canclude that after amplificatiosignal pulse may
have angular dispersion or spatial chirp or both at the same time. It depetisamount of
temporal chirp of the signalulsebefore amplificationangular dispersion is always decreasing
by the rate proportional t@? when increasingignal temporal chirp, whereas spatial chirp is
increasingoy therate proportional to .

The theoretical considerations were verified experimentdlywell. Oltained results
show, that chirped pulses acquirgpatial chirp during parametric ampliftaan in caseof not
matched pulse front3 his spatial distortion of amplified pulserrespondetb spatial dispersion

parameter of1 nm/nm, while the angular dispersiarasnegligible.

[1] Dubietis, G. Jonusauskas, and A. Piskarska® o we r f u | femtosecond pul se
stretched pulse parametric amplification in BBO

gene
crys

[2]lS. Akturk, X. Gu, E. -Zeekt @ndt Rcadsedbibp, spRui ak a

Express 2, 4399 (2004).
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SECOND HARMONIC GENERATION USING BROADBAND FIBER AMPLIFIER
OUTPUT
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Modern pulsed fiber amplifiers and lasers are capable of providing high peak power output
with excellent beam quality [1], what makes them ative for variety of applications. Silica
based rarearthdoped fiber lasers and amplifiers usually work in infrared wavelength region but
for some applications shorter wavelength light is more suitable. Frequency conversion can b
accomplished using nankar crystals [2], however, when high peak power light pulses travel
through fiber their spectrum is inevitably broadened due to phasmadiflation. This limits
frequency conversion efficiency because nonlinear crystals have limited -rphéag@ng
(aceptance) bandwidths. In order to overcome this problem, in this work we investigate
experimentally two methods for improving efficiency of second harmonic generation (SHG)
using broadband fiber amplifier output.

Our experimental setup consisted of-ddyped doubleclad LMA fiber amplifier with core

diameter of 3C% M seeded by pulsed solid state laser working at 1064 nm wavelength. Two
different solid state lasers where used for experiment: one of them generated 15 ps pulses at
MHz repetition rate and the otheB ps pulses at 100 kHz repetition rate. Fiber angplifiutput

was directed and focused to LBO crystal (14x3x3 mm), where frequency conversion took place
in form of second harmonic generation (critical phase matching setup).

When amplifying 15 ps pulses up to 3 ¢
broadened up to 1.7 nm because of phasamsaiiulation. Second harmonic generation energetic
efficiency of 50% was easily achieved using this radiation, as crystal-pteishing bandwidth
was not exceeded. Theoretical estimation of crystal phase-ptaesking bandwidth provides
value of 2.2 nm, what is more than the bandwidth of radiation used for second harmonic
generation. I n contrast, when 8 ps pul ses
was expanded much moreto about 24 nm and saed harmonic generation efficiency
dramatically decreased to less than 10 %. At this point, two different methods for increasing
SHG efficiency were implemented and investigated.

First method was based on double pass of first harmonic light through ttal.cBecond
pass was at some other angle in respect to crystal axes than the first one so phase matchi
occurred for some different wavelengths than during the first pass. This method increased secor
harmonic generation efficiency to about 16 %o forgnbr oad spectrum ( at
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Second method was based on spectral splitting (using dichroic mirror) first harmonic beam
into two separate beams, so as half of initial beam spectrum goes to one resulting beam and half
to another. Next, nondolear sumfrequency generation was performed in LBO crystal. In this
configuration second harmonic generation efficiency of 22 % was achieved (for 24 nm broad
spectrum aneherg). 3 €J pul se

Experimental results are summarized in Fig. 1, which showsngeharmonic average
power and first harmonic (pump) spectrum width as function of first harmonic (pump) average
power. From presented graph it can be concluded, that second method (based on spectral
splitting) allows achieving highest power of SH in garison with other two methods at highest
pump power (and broadest spectrum). Frequency conversion efficiency using this method can be
increased twice in comparison with conventional SHG. However, it shows not very good results
at lower pump. This decremasat lower pump (in comparison with other methods) can be
explained by shorter interaction length as beams travel noncollineary and the distance they

overlap in nonlinear crystal is shorter.

Second harmonic generation method:

P /mwW/[ | —©=Collinear, single pass T T D/ / nm
SH H
F Colinear, double pass o 1
70 | | =O=Noncollinear, with spectral splitting - 28
—QO= First harmonic
0 spectrum width D/ 1%
50 - - 20
40 | - 16
30 —4 12
20 48
10 | —H4
O £ 1 1 1 1 1 1 O
0 50 100 150 200 250 300 350
P/ mwW

pump

Fig. 4. Seconcharmonic average power and first harmonic spectrum width as function of first harmonic
average power

[1] [1] Roger L. Farrow, Dahv A. V. Kliner, Paul E. Schrader, etHigh-peakpower (>1.2 MW) pulsed fiber
amplifier, Proc. of SPIE Vol. 6102 (2006)

[2] [2] Dahv A.V. Kliner, Fabio Di Teodorob, Jeffrey P. Koplowb, et &fficient visible and UV generation
by frequency conversion of a mefileered fiber amplifier,Proc. of SPIE Vol. 4974 (2003)
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FLUENCE DEPENDENT VARIATIONS OF CURRENT AND CAPACITANCE
CHARACTER ISTICS IN Si PARTICLE DETECTORS
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In high energy particle experiments it is very important to register ionising radiation
rapidly, reliably and effectively. Therefore, Si pin particle detegtoperating at full depletion
regime are commonly employed. However, radiation induced defects affect the detectors
functional parameters by the increase of leakage current, of full depletion voltage, and by a
reduction of charge collection efficiencycdil]. So it is important to investigate the variations
of these parameters in radiation damaged diodes. Commonly, these parameters are examined
employing currentoltage (}V) and capacitaneeoltage (CGV) techniques [2].

In this work Float Zone (FZ)red MagneticCzochralskiMCZ) Si pin diodes irradiated by
reactor neutrons at fluences in the range df-10'° cm? have been examined by combined
analysis of 4V and GV characteristics measured at various temperatures. Measuremeivts of |
and GV chaiacteristics have been performed by employBgFemtoampKeithley 6430
electrometer and high precision QuadTech 7600 LRC meter, respectivetyperature
dependent measurements have been carried out by placing the samples in the cryostat.

It has been foun that leakage current increases proportionally to a fluence increment of
reactor neutrons irradiation at room temperature in FZ and MCZ Si diodes due to the radiation
induced defects acting as generation centres. The capacitance obtained at low teaperatur
(<120K) in irradiated detectors is invariable with voltage and equal t@lae of a diode
geometrical capacitance. This indicates a complete compensation of the shallow dopants b
radiation traps within a range of low temperatures. It was also shwulitferent kind defects
are produced in FZ and MCZ Si diodes during irradiation by close values of neutron fluence.

[1] B. J. Baliga,Fundamentals of Power Semiconductor Devi¢€pringer Science Business Media, LLC,
New York, 2008.

[2] P.Blood and J.W. Qon, The Electrical Characterization of Semiconductors: Majority Carriers and
Electron StateAcademic Press Inc., San Diego, 1992).
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INVESTIGATION OF THE AUGER RECOMBINATION PARAMETERS IN Ge BY
FREE CARRIER ABSORPTION TRANSIENT SPECTROSCOPY TECHNIQUES
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armandas.balcytis@ff.stud.vu.lt

Due to its high carrier mobilitygxcellent lattice match GaAs (0.08% lattice mismptelk
well as superior properties at cryogenic temperatures compared to Si, germanium is ideally
suited for special applications, suchiasmultijunction solar cells, strained channel FET's and
cryogenic power electronic devices. Precise knowledge of the characteristic parameters for
Auger recombination is necessary when developing various power devices, as this process is the
limiting factor for carrier lifetime in the indiredtand semiconductors [1]. However, Auger
recombination parameters in Ge have been determined with limited precision.

In this work, a linear and the Auger recombination processes in crystalline Ge have been
studied ina broad range of excitation conditions using a co#é&ss pumgprobe measurement
setup, using free carrier absorption techniques. In order to achieve homogenous excess carrier
generation a 10fs laser of variable waveleng(i~1/E;> 2 nm) was used. Nonlinear carrier
density decay transients have been examined by probing the pulsed excited sample by
continuous infrared (2.4m) radiation. In order to reliably single out the Auger recombination
processes in Ge, additional doping and ingattievel dependant carrier decay transients have
been measured at low excitation regime using a continuous wave micraavave2(GHz)
probe [2].

Both, Auger and ShocklelgeadHall type recombination processes have been observed in
Ge wafers. In low injegton regime, the characteristic dependence of linear recombination
lifetimes on doping level has been determined. At high injection levels, carrier decay processes
are determined by the Auger mechanism, for which the inherent parameters have been
determind. The results indicate, that the values published by other authors [3], and measured at

inhomogeneous excitation conditions, have been overestimated.

[1] P.T. LandsbergRecombination in Semiconductqi@ambridge University PresGreat Britain, 1991
[2] K.G. SvantessarN. G. Nilsson Measurement of Auger recombination in silicon by laser excitation,-Solid
State Electronicg1, 16031608(1978).

[3] D. Poelman, PClaws B. Depuydt, Chemical surface passivation of low resistivityype Ge wafers for
solar cell aplications,Solar Energy Materials and Solar Céli 167-173(2003.
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INVESTIGATION OF ADSOR PTION OF EVAPORATED FROM METAL DISPENSED
EMITTERS ELEMENTS ON SCANDIUM OXIDE

A.O. Dudkqg O.E.Lushkin
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dudkone@gmail.com

The researches of thermoemitters are relevant because nowadays they are the main eleme
in the microwave devices. The best pagtans of these devices are achieved when using Sc
metal dispensed emitters (MDE). However, to date there is no clear theory for explanation of the
mechanism of the emission for such emitters. Despite the fact that already received a lot o
experimental radts there is a series of questions, which need to find the answer. One of them is
the possible dependence of the emission possibility of the emitters from its structure- (needle
shaped formation of the active substance or thick layers of this substatucgsten matrix) and
the composition of the emitting surfaces. So investigation of formation of nanostructures of
alkaline earth metals oxides on scandium oxide and development of the model of crystal grow ot
its surface is relevant.

The researches werergad out in ultra high vacuum chamber at the pressure that does not
exceed 6.810" Pa. There was an Auger analyzer type cylindrical mirror to analyze the
composition of the surface. As a substrate compressed mixture of tungsten powder with
submicrongrains of SgOspowder was sel ected. A@; MDE/ vaas e d

used as a source of Ba, BaO and Ca components.
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Fig. 1.Time dependence éfugerpeakamplitudes othe activesubstanceluringMDE sputteringhe
surfaceSc0s.

The experiment showed that scandium oxide surface loosening by barium atoms take plac
in first minutes of adsorbate sputtering. Our studies also confirmed the main role of calcium
oxide molecules for the formation of crystallites on the basis ides)of alkaline earth metals.

Binding energy of scandium oxide with Band Ca components differs: Bacomponent

has bigger thermal stability than-Gamponent.
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It helps to build a model of complicated structure grow on the scandium oxide surface in

which Ba component adsorbs with a Strankkastanov mechanism and -Caomponent
adsorbs with a Volmeweber mechanism. Grow of Beslands and increase of C@one volume

depends on a ratio between their volume and surface diffusion coefficients.
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CHARACTERISTICS IN NEUTRON IRRADIATED Si PARTICLE DETECTORS
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Future high energy physics experim® such as experiments at CERNI use silicon
detectors for fast and high precision tracking of particles. The high hadron fluences in these
experiments causecrucial damage of the material of detectors. The radiation defect attributed
energy levels are introduced in the bandgapBidhus changing the electrical properties such as

leakage current, full depletion voltag¥,() and charge collection efficiency (CCE). Enhanced

leakage currents are observed after irradiation, and this leads to the higher ielectisa and

reduction of spatial resolution of particle detectds.increases after irradiation and eventually

reaches values beyond the staldege of diode operationl-V and GV measurement is a
standard tool to characterizbe steadystate properties of silicon detectors which provides
information on the quality of diode, on amount of leakage current and on depletion voltage,
stability and breakdown characteristics.

In this work, the combined analysis of the capacitaraitage and currentoltage
characteristics has been performed on CERN standard Sigpactors irradiated by reactor
neutrons. The rectification properties of diodes are clearly observed for detectors irradiated witl
small fluences, while symmetrization eVIcharacteristics occurs in heavily neutron irradiated
detectors. These observations correlate rather well with dbaracteristics measured on the
same detectors, when crucial deviations between conductance and impedéanbar@cteristics
give rise wih enhancement of neutron irradiation fluence. The unveiled effects are explained by
the increased role of the carrier capture/generation processes within depleted base regions of
diode. It has been confirmed that the impact of carrier generation/captoeats can be reduced

by shifting the measurement regimes towards the high frequency range.
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The time of flight neutron diffraction techniguand the elastoplastic selfnsistent
modellingwere used to study behaviour of single and npliase materials. Critical resolved
shear stresses and hardening parameters in austenitic and destéosteels were found. The
special attention was hon transition between elastic and plastic range during deformation.
Moreover, the evolution oftress localizatiortensor in function of macrostress was estimated
from seltconsistentmodel by fitting theoreticallattice strains to experimental valuédodel
predictions were successfully compared with experimental results for both phases of the duplex

steel and also for austenitic steel

[1] Clausen B, Lorentzen T, Bourke MAM, Daymond Mater Sci EngA 1999; 259: 1724.

[2] Baczmanski A, Braham C. Acta Mat2004;52:1133.142.

[B]Dakhl aoui R, Baczma@EsKk.i A, Braham C, Wr onsKki S,
2006;54:50275039.

[4] Cai S, Daymond MR, Holt RA. Acta Mater 2009; 57: 4079.
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A permanent growth of the thiifim electronics market stimulates the development of
versatile technologies of patterning tHilm materials on flexible substrates. Selective ablation
is one of the most important parts of these processes therefore deemestanding of
underlying physicapbhenomenés required for further developmentttietechnology.

Structure under consideration is layered medium consisting of thick polymer substrate at
the bottom, 1um molybdene layer 2um CIGS layer, 50nm CdS anmui Zd® and a 500nm
layer of ITO on top of the solar cell. Material is irradiated by laser from ITO side. Modeling
consists of three parts: energy coupling calculation taking into account interference effects, two
temperature model for heat calculation ahdge transition considerations.

Energy coupling modeling is carried out in the following way. We consider 2D geometry
of solar cell layers in which harmonic TE waves propagate according to wave equation:

noon A £2@E=0 1)

Where¢ = £, + Mis a compéx refractive index. Due to boundary conditions between
two adjacent layers multiple reflections occur. In some cases energy coupling profile in the
materi al deviates from itsdo wusual exponen
conditions must beet on exterior boundaries of 2D domain to simulate plane wave propagation.

Diffusion equation is required in this model. Due to apparent extremely high temperatures
and fast absorption when imaginary refractive index part is significanttetwperaturanodel
must be used:

b= 1% 0% Y +Ymo 2)

)
8= 000"y +0% ¥ (3)

These equations physically mean that electrons and lattice are separate physical systen
and for each a separate diffusion equation is in operation. Electrons are first to absorb lase
energy, only then with the help of electrattice coupling termiO™ Y electron system
transfers energy to latticéY »0 term corresponds to energy coupling from the first part of the
modeling.

Since achieved lattice temperatures surpass those required to heat it up to a melting point,
phase transition had to becluded in the model. Advantage was taken of Gaussian function

which was added to specific heat expression:
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Where0 corresponds to latent hed¥, - melting temperature andis a numerical stability
parameter, Wwich was chosen to be approximatel2% of the maximum lattice temperature.
Analogous term was added for evaporation processes if necessary.

A typical modeling result (the picture is deprived of phase transition effects) is represented
in Figure 1.
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Fig. 3. Temperature profile at various points in the sample at various times. Although electron
temperature is low in the molybdenum but fast transfer of energy results in fast heating of molybdenum
and subsequent ablation of cold Cl&®l ITO layers.

[1] N. Bianco, O. Manca, B. Morrone, Instationary conjugate optieaimal fields in thin films, Heat and
Mass Transfer, 34, 25561 (1998)

[2] MV Shugaev, NM Bulgakova, Thermodynamic and stress analysis ofitakered forward transfer of
metds Appl Phys A, 101, 16307 (2010)
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Protornbeam irradiation is @rospective techniqusr modifying the electrical properties
of silicon crystalq1]. One of themost interesting properties of implanted hydrogen is that its
interaction with radiation induced and native defects during heat treatment leads to the formatior
of shallow hydrogeelated donors (Hlonors)[2].

In our studiesve used commerci&dSi Sclottky diodes The diodes were implanted with
300keV H' -ions at room temperatur&he dose varied in the range F = (1X101x10") cm®?
The electron concerdtion profiles were obtained §i V (voltagecapacitancgmeasurements
at a bridge frequency df.2 MHz. The parameters of radiationduced defects were determined
by deep level transient spectroscopy (DLTS) at 1 MHz and a gating time#tatict

Changes of the depletion region width (reverse biassU% temperatures=86 s) and
dependence of radiatienduced defects concentration from isochronal (20 min) annealing
temperature are presented in Fig. 1. DLTS spectra are shown in Fig. 2. Values of parameters
postimplantation radiation defects (a curve 1) are found usimgehius plots. These parameters

areused foridentification of defects (ording to data [1])
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Fig.1. Depletion region width (a) and radiation Fig. 2.DLTS spectra of Schottky diodes implant
defects concentration (b) Changing V\nmng of with H'-ions at the different thermal treatment:
annealing temperatura) 1- contrd, 2- after 1- after implantation; 2350°C; 3- 450°C.
irradiation;b) 1- [ -center, 2¢ -center, 3VOH, 4-

E.-0.21 eV.

The depletion region width before implantation wds3.6 mm. According to the
comparative analysis of the obtained data (fig. 1), increasidgipfto 4nm is generally caused

by formation Ecenter (curve 1), because concentration weAter and VOH deft (curves 2,
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3) are negligible (Ecenteri defect donowacancy, Acenteri defect oxygervacancy, VOHI

defect vacancpxygerhydrogen). After Ecenter annealing a=200 % d restores to initial

value. At the further rising of annealing temperaturentjiad becomes below initial value. This

fact indicates of donorso6 for mat ive360% afichitei r ma x
coincides with concentration of undefined defect E4 (energy ley€.21 eV andelectron

capture crossections=2x10" cn?) in fig. 2 (curve 2). At the temperature=450 % the

depletion region width exceeds the initial value, and anomalous peak (a minority carriers trap in

the absence of hole injection) appears in DLTS spectrum (curve 3). This peak corresponds to
accepor center H1 (energy leveh+0.31eV), and their concentration is approximately edoal
concentration of E4 defect.

Thus we can seeelationship between radiation defects and donorsilicon. After
annealing of radiation defec{such as Ecenter, Acenter, VOH defect) we observe formation of
H-donors. After annealing at 3504 we observemaximum concentration of dors, and it
corresponds tamaximum concentration oE4 defect Subsequent annealing leads to the

disappearance @4 defect and reduce the concentration of donors.

[1] V.V. Kozlovskii, Proton Beam Modification of Semiconduct{iauka, St. Petersburg, 2003).
[2] B.N. Mukashev, M.F. Tamendarov, S.Zh. Tokmoldin, V.V. Frolov, Phys. Status Solfi, 509522
(1985).
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In our days, demand for energy saving technologies is constantly growing. European
Union, due to greenhouse effect, is planning to produce about 25% of all electricity from
alterrative energy sources until 2030. One of possible ways to reach this target is further
development of solar energy production, by replacing expensive crystalline solar cells with
cheaper cells made of amorphous mater@ls.2 t z e | cel | ,-sesitizedosolak celh w n
has a big potential due to the simple production technology and high efficiency. One of main
componentused in Gttzel cell, is a porous layer of titanium dioxide, covered with thin layer of
the organic dye.

The aim of this researchas the development of various compositions of titanium
dioxide pastes and finding the best technological conditions for porous titanium dioxide layers to
form.

Pastes of titanium dioxide were made from titanium dioxide powsiERQXIDEE TI102
P 25 by addng acetic acid (CECOOH), water, methanol, terpineol [1].

Titanium dioxide pastes, made in laboratory, were compared with industrial d titanium
dioxide paste. Morphology of the layers was examined by the means of the atomic force
microscope (AFM). Electrical features were examined by photogenerated charges carrier

extraction with linearly increasing voltage technique (pHoOELIV).

Fig. 1. ATF photographs of porous TiO2 layers showing the surface morphology of industrial
manufactured (left) and homemade TiO2 (right).

[1] Ito S., ChenP, ComteP, Nazeeruddin M. K, LMsHKagesPinPhotoltachy P .
Resarch andApplication.15, 603612 (2007)
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Organic semiconductors are promisimgterials for optoelectronics due to their properties
resembling conventional semiconductors combined with easy processing and a variety of organic
materials. Considerable Stokes shift, large optical gain and possibility to avoid concentration
quenching inthe solid state by controlling intermolecular interactions make organic
semiconductors attractive as a novel laser gain meeBd [Qrganic semiconductor las€f3SL)
promise easy tunability of lasing wavelength over the entire visible spectrum [3e 4 dbe
broad fluorescence band of organic molecules and possibility to control materials photophysical
properties via chemical engineering. However, to date, there were no reports on electrically
driven OSL which is a consequence of problems associatbedpwor charge transfer in the
organic media. One approach to the issue is the search and study of the new multifunctional
molecules composed of several fragments carrying different functionalities [5].

In this work we present study of photophysical props of multifunctional
fluorene/carbazole compounds [6] and their perspectives to be used as OSL gain media.
Suitability of material for OSL operation is characterized by its short transient fluorescence

lifetime  and high photoluminescence efficiengy,, since radiative decay rate=u p//{J is

directly proportional to Einsteinds B coeffici
., c
B k., 1)
8ohn,

wherehi s P 1| a n c kagisthedrequescy af hght anclis the velocity of light. One of the
straightforward metbds for experimentally determining materials ability for lasing is by
measurement of amplified spontaneous emission (ASE).harmonic of Nd"YAG laser
(355nm, pump pulse 1s) was employed to excite samplés.determine the threshold of ASE
line (Fig. 1 (a)) excitation power density was varied by several orders of magrfiudeene
carbazole derivativeswere embeded in a solid polystyrene (PS) matrix. Films were casted from
THF solution.

CFC compound (Fig. 1(b) inset) showed best results wigs 1 0 0 N5 %=1 m c
solution, which resulted in a distinctly lo=0.6 kW/cnf. However,i p. dropped significantly
in a neat film to 18%I{,=160 kW/cnf), which can be explained by fluorescence quenching via
exciton migration. In a solid PS matrat low concentrations such quenching mechanism is

negligible which resulted irii p, values of up to 48%l{=22kW/cnf, Fig. 1(b)) in optimal
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concentration of 1wt%. Lower values of fluorescence quantum yield compared tm a

solution were showed to laeconsequence of twisted conformers present in a rigid matrix of PS.
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Fig. 1. (a) Integral PL intensity and normalized fluorescence spectra (inset) of CFC in PS (5wt%) at
various excitationdy, indicates where intensity of ASE band exceeds twice the intensity of spontaneous
emission bad; (b) I, dependence of the CFC concentration in PS matrix. Chemical structure of CFC is
also depicted (inset).

[1] N. Tessler, Lasers based on semiconducting organic matédaisMater, 11, 363369 (1999)

[2] M.D. McGehee, S.J. Heeger, Semiconducting j{ogated) polymers as materials for sedidte lasers,
Adv. Mater, 12, 16551668 (2000)

[3] 1.D.W Samuel, G.A. Turnbull, Organic semiconductor lasétem. Rev.107, 12721295 (2007)

[4] J.M. Lupton, Over the rainbow, Natu463,459-460 (2008).

[5] B.C. Thompson Y.-G. Kim et al., Soluble narrow band gap and blue propylenedioxythiophene
cyanovinylene polymers as multifunctional materials for photovoltaic and electrochromic applications, J.
Am. Chem. Socl28 1271412725 (2006).

[6] S. Grigalevicius, L. Ma et al., Synthesis and characterization of new carbazole/ftbasate derivatives

for bluelight-emitting devices, J. Polym. Sci. Pol. Chei, 59875994 (2006).
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Semiconductor device characteristics are determined, to a large extent, by intrinsic and
extrinsic defects. Consequently deep level induced variations in static and dynamic device
characteristics are subjected to intensive research. Moreover, resuéisestudies are essential
for further developments in semiconductor device fabrication technologies and deeper
understanding of defect caused phenomena.

Built-in potential and its stability under intense irradiation are considered to be an essential
characteristic of solid state particle detectors. Dependencies of these parameters are traditionally
studied by analysis of steady state curmitage and ac smabignal capacitaneeoltage
characteristics. However, possible implementations of the mentioned methods are limited by
noise levels in measurement circuits and the linear range of response amplitudes, i.e. commonly
used LRC meters are developed to meagarameters in linear elements.

In this work, a technique based on measurements of barrier charging and charge extraction
current transients caused by linearly increasing voltage (BELIV) is proposed as an alternative to
traditional methods. fe principle of the BELIV method is discussed. Characteristics measured
in Si pin diodes under various experimental conditions, such as reverse and forward biasing at
various temperatures and steatgte illumination, are presented. Simulated and measured

characteristis of the BELIV signal dependent on density of diesel traps are compared.
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Gallium nitride (GaN) and related alloys have been the subject of extensive research
because of their applicat i onhfrequenbyleleatronicsgld.er |,
Usually GaN epitaxial layers are grown on a sapphire substrate which results in a poor matching
of lattice parameters and gives a high density of threading dislocatich&d£@m?) which is
usually not acceptable for ap@itons mentioned before [2].

This work is devoted for determination of threading dislocation density in GaN films using
wet etching and scanning electron microscopy (SEM) and atomic force microscopy (AFM)
microscopy. Usually you cannot detect dislocationsa raw sample therefore etching technique
is used to etch pits around dislocation making them more visible for microscopy analysis.

2-3 mm-thick GaN epitaxial layers were grown on sapphire substrate using-ongéalic
chemical vapor deposition (MOCVD}eactor at the Institute of Applied Research, Vilnius
University. For etching experiments a hot phosphoric acgP() (85%) was used together
with a digital hot plate to maintain dci d°¢
200U C. T hgduratiprowas changed from 8 min. to 20 min.

Etched films will be analyzed using SEM and AFM microscopy to determine threading
dislocation density, and to identify the best etching conditions for revealing the dislocations.
Later determination of dislation density in GaN will be used to optimize conditicofs
MOCVD growth.

[1] Xuenping Xu, R.P. Vaudo, J. Flynn, and G.R. Brandesrnal ofElectronic Materials31, 5 (2002)
[2] T. Hino, S. Tomiya, T. Miyajima, K. Yanashima, S. Hashimoto, and M. Ikadal. Fhys. Lett.76, 3421
(2000)
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ORGANIC MATERIAL MULTILAYER STRUCTURES AND BULK
HETEROSTRUCTURE LAYERS

B. Lenkevil|ilta
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The single, double, triple and bulk heterostructure organic material layers were vacuum
depo#ted or spin coated onto by ITO covered glass and their electrical, photoelectrical and
electroluminescence (EL) features were investigated.

Mobility of charge carriers of materials-417 and G, were measured using photo
generated charge extraction byeanly increasing voltage method (ph@&@&LIV). The mobility
of electronsing@l ayer was of ®dmife/Lesr,dewhidfe Slhike04avobi | ity
l ayer was appaomdxibmat eObyt aGlnle@ r es g listsaitabld e mon st 1
electran transport material, and-¥17 may be used as emission as well as hole transport material
while depositing organic light emitting diode of bulk heterostructure.

The family of Vdt-Ampere Characteristic (VACh) of organic material layers was
measured in & dark and in the light. It is demonstrated that PEDOT: PSS sub layer upgrades
injection of holes from indium tin oxide (ITO) into-¥17 emission layer and into-¥17+G
bulk heterostructure.

The EL of single V417 layer was observed at 80threshold valage while the EL of
double PEDOT: PSSAM17 layer was observed at ¥0threshold voltage. There was no EL of
deposited organic light emitting diode of bulk heterostructure, while after annealinghfat 1

120°C in nitrogen atmosphere EL was observe?2¢ threshold voltage.
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Recently, there is a great interest in multiferroicamaterials which in the certain
temperature range are ferroelectrics and ferromagnetics. The most popular multiferroics are lea
i iron niobiumPb(Fe/Nb,/,)O3 and bismth ferrite BiFeQ. These multiferroics could be used
in microelectronics for example, producing MERAM memories.

PFN crystal dynamic dielectric properties have not been published anywhereasu ihe
to investigatehese properties

In the present styd thePb(Fe/,Nby2)Os single crystals were grown using the flux method
[1]. Dielectric measurementsere performed at temperature range (80800) K and in the
frequency rang€207 1000) kHz and (300 MHEZ 3GHz). In the low frequency range (20 kHz
1000 kHz), investigation was performed by me
angle using LCRmeter HA284A In the high frequency range (300 MIHB8GHz) investigation
was performed by using network analyZagilent 8714ET Measurements wengerformed by

reducing the temperature of the sample and the temperature variation rate was about 0,5 K/min.

14000 T T T T T T T T T
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Fig. 1. Temperature dependence of the real and imaginary parts of dielectric permittivity of PFN crystal.
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Figure 1 showshe temperature dependence of the real and imaginary parts of dielectric
permittivity of PFEN crystal. This investigation shows that PFN crystal has two structural phase

transitions. First structural phase transition is from the monoclinic ferroelectage pio the

tetragonal ferroelectric phase at 365 K and the second is from the tetragonal to the cubic

paraelectric phase at 385 K [2].

[1] A. Kania E. Talkin and M. Kruczek, Ferroelectrics, 391: 1141 (2009)
[2] V. Bonny, M. Bonin, P. Scia. J. Schenk and G. Chapuis, Solid State Commun. 10233271997)
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Cubic silicon carbidé3C-SiC) is one of the most promising materials for new generation
extreme conditions electronics. The main property of this polytype is the biggest mobility value
of the charge carriers ( ~1000 @ws ) and the forbidden energies gap ( ~2.2 eV) correspgnd
to visible light spectrum.

In this work using the temperature dependence of the Hall voltage and photoconductivity
we have tested 3GiC specimens grown by sublimation epitaxy method in9pitkg University
(Sweden). Samples were cleaned with KOH axides were etched with HF [1] water solutions
respectively, and NAu Ohmi ¢ contacts were fabricated
Vapour Deposition technique in Vilnius University laboratory.

In the next stage we measured the samples conductitityogonductivity, Hall voltage
and magnetoresistivity temperature dependencies (in rangé0DORB), from this experimental
data we calculated the carriers mobility, concentration and lifetime temperature dependencies
which revealed the scattering mechsmns and the forbidden energies gap perturbation effects.
We estimated the corresponding energy values, which correlate with those given by othel
authors for nitrogen (N) [2] and oxygen (O) [3] residual impurities (unintentionally doped
crystals). Some expenental data of our complex researches can be explained by the existence

of the extended defects and the forbidden energies gap perturbations.

[1] Gwiy-Sang Chung, KyiHyung Yoon. Ohmic contacts to singgeystalline 3GSiC films for extreme
environment MEMSpplications. Microelectronics Journal 39. 2008. Pp. 1M4R2.

[2] Internet databaséttp://www.ioffe.ru/SVA/NSM/Semicond/SiC/impurities. htifiboked: 201102-20).

[3] J. Han, S. DimitrijevF. Kong, P. Tanner, A. Atanacio. SIMS Investigation of Oxygen ifSBC on Si.
Proceedings of the 2008 conference on optoelectronic and microelectronic materials and devices. Book of
Abstracts (2008). Sydney, Australia. Published by IEEE. p. 3.
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PHOTOELE CTRIC FEATURE INVESTIGATION OF VACUUM DEPOSITED
CuPc/Cso SOLAR CELLS

A. Melianas

Department of Solidt&te Electronics, Vilnius Universit
armantasmelianas@gmail.com

Organic layers o€uPc and g, followed bysolar cells of different structuréBig. 1) were
formed by vacuum depositioonto by ITO covered glass substratego layer CuPc/g (Fig.
la), two layer with mixture CuPc/CuPcgf@Fig. 1b), gradient mixture CuPc§(Fig. 1c) solar
cells. Their absorption spectra amghotoelectric feauture dependence on annealing and various

Cso and CuPc ratios in mixtures was investigated.

26 nm

69 nm

c) GLASS

Fig. 1. Structure of some of the fabricated solar ca)l€uPc/C60 b) @Pc/ CuPc+C60 c) Gradient
CuPc:C60

Carrier mobilityO dependences on electric fidldand carrier lifetimesl,, were measured
by photeCELIV (charge extraction by linearly increasing voltage) technique [2].

Estimated CuPc hole drift mobility and carriéefime € = 3AL0® cn?/Vs, U, = 48 ms;
Cso electron drift mobility and carrier lifetime = 2 A10° cm?/Vs, Up=200g s . mir610°C
annealing of CuPc had no effect on hole transport Qute@ctron transport was enhanced:
Up,=4 30 ¢ shavingwkakerdependence oty (g is the delay between the light pulse and
the linearly increasing voltage pulsghich may be explained by formation of a more favorable
Cso molecule arrangement after annealing that is confirmed battb@rption spectra

Estimated hole drift mobilite = (3,5- 7,5) AL0® cn?/Vs of CuPc/G, sample exhibits a
weak dependence on the applied electric field which may attributed to the formation of CuPc and
Ceo heterojunction that affects the electric field distribution inside the sample.layer solar
cell was fabricated, which demonstratelz = (0.36- 1.05)% efficiency (compaed to
CuPc(20 nm)/Cso (40nm)/ BCP (2 nmilerr = 0,75 % [1])

Samples of CuPC@uPc+Gostructure demonstrated electron drift  mobilities
e=(1-5)A10°cm*Vs which were mildly enhanced by &@n10°C annealing
e = (2,5- 6) ALO® cn’/Vs. The latter can be attributed to a formatiwfa more energetically
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favorable CuPc andgmixture which is confirmed by the increaseatfsorptionin 400- 600
nm range.
In samples of gradient mixture CuPggGolar cells estimated electron drift mobility was
e =(9AL0°- 1 A10°) cm?/Vs, which is close to pure dg electron drift mobility. After
60 min 40°C + 60 min 80°C annealing the electron drift mobility dependence tgnwas
sufficiently increased, which may be explained dgranation of bulk heterojunctiorThe latter
is confirmed bythe increase of current in current voltage characteristics and electron lifetime
decreasel],=280c s, aftel,=h@deasing

[1] P. Sullivan, S. Heutz, B. Sanderson, S. Schultes, T.S. Jones. The influencelegosiion on the
performance of Cut?Cso heterojunction photovoltaic cells. Centre for Electronic Materials and Devices,
Chemistry Department, Imperial College, SW7 2AZ London, UK (2008).

[21 G. Jugka, K. Genevilius, K.Arlauskas, R.Osterbacks:
mobility in p-conjugated polymers. Macromolecular Symposia 212;2000(2004).
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Solid-state lighting technology ismerging as a coesbmpetitive, energyefficient
alternative to onventional electrical lightind1]. Currently, much effort is being put into
improving efficiency and color rendering of the sedichte lamps designed for general lighting.
One of the most important issuespinosphor coversionlight emitting diodes (LEDS) is search
for new efficient phosphors ensuring better color rendering than the currently most popular
phosphor YAG:Ce.

In this work, new sofel derived Y3,Lu,AlsMgSiOCe* phosphors are being
investigated. A set gbhosphors consisting of 16 samples with different relative numbers of Y
and Lu atoms and different cerium content (0.25%, 0.5%, 0.5%d%)dvas under study. All
the samples were anneal ed at 1600AC. Quantum
spectrawere investigated using an Integrating Sph&phereOptics and spectrophotometer
(HamamatsiPMA-12). A blue 440nm InGaN light emmiting diode was used for the excitation
of the samples.

A descrease in luminescence intensity at increasing Ce concenfratin®.5% to 1% due to
concentration quenching effd@] was observedSpectra ofY 3..Lu,AlsMgSiO.:Ce** phosphors
are redshifted from 3 to 1%m if compared to most widely used YAG:Ce phosphor what is very
beneficial considering better color rendering of white LEBigh values of QY were observed
(the highest QY (89%) was exhibited bysAlsMgSiO;2:0,25%Ce*" sample). However the QY

decreased rapidly with the increase of cerium content.

[1] Shur MS,Zukauskas A, Soligtatelighting: Towardsuperiorillumination, Proceedings of the IEEES,
1691 1703 (2005).

[2] Haranath, Chander, Sharma, Singh, Enhanced lunginescof Y3AI5012:Ce3+ nanophosphor for white
light emitting diodes, Appl. Phys. LetB9, 173118 (2006).
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Defects engineering by specific doping and irradiaterhnologies is one of the trends in
improving and modifying of specific parameters of semiconductors devices. It is known that Ge
doping of Si during the Czochralski (CZ) growth process has a beneficial effect on strength of Si
wafers and thus on reduatiof dislocation nucleation [1]. Also, introduction of Ge into Si has
additional advantages because it is isovalent impurity and do not introduce electrically active
deep centres. Therefore, it is a promising dopant for the expedient manipulation déthal in
gettering capacity [1]. Ge doping above?®lém™ leads to the formation of germanium clusters
acting as gettering centres for the intrinsic point defects. The effect of germanium doping has the
important consequences for radiatioduced defect fonation and population dynamics.-21.

It is also known that Ge doping suppresses formation of thermal donors [2].

In this work two sets of 4type CZ grown Si diodes have been investigated, one of them
with Ge doping concentration of facm™ (GCZ) and he second one without Ge doping (CZ).
P-onn diodes were irradiated with 2 MeV electrons with fluence in the range™»aa0 16°
elcnf. Deep Level Transient Spectroscopy (DLTS) has been employed to identify specific
defects and to evaluate density oeth deep centres, of carrier capture esession and
activation energy in order to reveal an impact of Ge doping on parameters of radiation defects
Three peaks have been observed in both sets of samples after irradiation. Electron trap
corresponding tahe V-O complex (the saalled Acentre), to divacancy and to & complex
(E-centre) have been identified after irradiation by°Xcnf fluence of 2 MeV electrons. An
amplitude of the DLTS peak attributed teQ¥ centre slightly increases in GCZ sampidjle
concentration of other defects does not depend on Ge doping. Peaks corresponedragaoai

and phosphorougacancy (PV) complex strongly increase with electron irradiation fluence.

[1] I.Yonenaga, J. Cryst. Growth 275 (2005) 91.
[2] J.vanhellemont, &l., J. Cryst. Growth (2010)
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LEDs clusters based on red, green and blue (RGB) LEDs are widely using-colfwlt
video displays and general lighting. Adding phosphor conversion amber LED to RGB cluster
makes trading off between colour rendition characteristics possiblegD].opemtionbased on
injection electroluminescence which defines unbalanced carrier radiative recombination [2].
Density of states and carrier distribution are depended on temperature so LED spectral power
distribution(SPD)varies. Respectively, cluster outmitaracteristics depend on temperature.

In this work, separate LEDs spectral and thermal characteristics were investigated before
modelling white light clusters at 3500 K, 4500 K and 6500 K colour temperatures. AlGalnP red,
phosphor conversion InGaN amb#&rGaN green and blue LEDs were used. All measurements
were performed within cryostat/oven in order to stabilize the temperature of the LED mounting
pad. Temperature range was set between 273 K and 333K with 10 ISB@pvere measured
using integration dpere and multichannel spectromet&here types of LEDs clusters were
modelled: RGB, RAGB and AGB, which characterized by the highest colour saturation, fidelity
and dulling index respectively. RAGB cluster is linear combination of RGB and AGB clusters
with 0.24 weigh coefficient.

Results shows that AGB cluster chromaticity coordinates in the widest LEDs mounting pad
temperatures are in threeep MacAdam ellipse area which limits unnoticed distortion of the
colour by over 99% of individuals with normal ms. RGB cluster at high mounting pad
temperatures (323 K and 333 K) can not be defined as white light source consideerigan
National Standardor electric lampgANSI_ANSLG C78.733 2008) RGB cluster at low pad
temperatures (273 K) can be desdiilzs lower colour temperature white light source. RAGB
cluster only at 333 K pad temperature are not described as white light source. The highest
chromaticity shift for RGB cluster can be explained by AlGalnP red LED radiant flux the highest
decrease. AGBcluster are the most stable at all pad temperatures independent of colour
temperatures. This is influenced by the same radiant flux decrease of amber, green and blue
LEDs.

[1] Gukauskas, R. Vai ce krmendiok prepertiedof SlidtatS tmps, IEEEQaouinal Ofr
Selected Topics In Quantum Electronics;6l%. 17531762 (2009).
[2] E. F. Schubert, LighEmitting Diodes (Cambridge University press, Cambridge, 2006).
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Triphenylamine (TPA) derivatives are recognized for their excellent hole transport
properties with mobility reaching up ta5t I°@m?/ V L s In hdblifion to superior transport
properties, TPA compounds also feature high fluorescence efficiency in tHaueg\egion.
These properties including high stability of TPA derivatives make them viable in the field of
information storage devices, fie&dfect transistors, photovoltaic cells, and organic light emitting
diodes (OLEDs)Starburst TPA derivativesxhibiting efficiert emission in the solid state cha
highly suitableas bifunctional materialin OLEDs, i.e. as holransporting and emittg layer
simultaneously [2].

Here the optical properties of new triphenylamibased derivatives with 2,2
diphenyletenyl and methoxy substitueats reported. Optical properties of the TPA compounds
in solution and solid state were assessed by measuring absorption and fluoresceree spec
fluorescence quantum yiethd exited statefétime.

Experimental results indicate that maximum of the absorption spectrims wvathe range
of 3007 400nm then diphenylethenyl and methoxy substituerdase attached Generally,
quantum vyields of TR derivatives were found to be much higher in the solid state than in
solution. Up to 16fold enhancementf the fluorescence quantum yield in solution of the TPA
derivative with restricted TPA core by diphenylethenyl groups as compatkeednonrestriced
derivative wabservedThe highest quantum yield in both solution and thin film was estimated
for the TPA derivativgpossessingymmetricalstructure Fluorescence concentration quenching
of the TPA compounds in transparent polymer matrix wasialsstigated and discussed.

The quantum vyield data was supported by fluorescence lifetime measurements.
Significantly lower quantum yields and shorter decay times obtained in solutions as compared tc
those in thin films indicated intramolecular torsionghaf phenyl groups, which caused dramatic

fluorescence quenching.

[1] Y. Song, C. Di, X. Yang, S. Li, W. Xu, Y. Liu, L. Yang, Z. Shuai, D. Zhang, D. Zhu, A cyclic
triphenylamine dimer for organic fieleffect transistors with high performance, J. Am. Chent. 338,
159407 15941 (2006);

[2] S. Tao, Y. Jiang, 4.. Lai, M.-K. Fung, Y. Zhou, X. Zhang, W. Zhao, -S. Lee, Efficient blue organic
light-emitting device with a new bipolar emitter, Organic ElectrotZ;s358363 (2011).
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Nonequilibrium carrietifetime of GaN epilayers is one of the most important parameters
indicating materials quality and influencing the performance of AIN/GaN/InN optoelectronic
devices. Dynamics of the nonequilibrium carrier density in GaN and related alloys is strongly
affeded by recombination through donor and acceptor levels and by carrier trapping [1].
However, transient recombination processes in GaN are complex and not well understood so far.
In particular, data on photoluminescence response time for the yellow luemigesavhich is
due to impurity related recombination, is ambigud§]|

In this work carrier dynamics in GaN was investigated using luminescence lifetime
measurements in the frequency domain under-dowerdensity excitation provided by an
ultraviolet ight emitting diode. The decay time was measured within a temperature range from
80 to 280K. The GaN samples were grown over sapphire substrates in MOGNMDoh CCS3.

With increasing temperature, yellow luminescence intensity increased and respornse beca

slower. The results are used in for revealing carrier recombination routes in GaN

[1] G.Tamulaitis J.Mi c k e y P.Viitay &.Gu k a u s k& Shur, QWareed, RGa g k a,- andi me
frequencydomain measurements of carrier lifetimes in GaN epilayers, Superlattices and Microstructures
40, 274278 (2006).

[2] Y. H.Kwon, S.K. Shee, GH. Gainer, GH. Park, S.J.Hwang, JJ.Song,Time-resolved study of yellow
and blue luminescence in-%ind Mgdoped GaNApplied Physics Letterg6, 840-842 (2000).

[3] M. A. Reshchikov, HMorkoc, Luminescence properties of defects in GaN, Journal of Applied PBysics
061301061396 (2005).
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Graetzel type solar cell was formed on electrochemically deposited ZnO layer. Spectrum
of light absorbance, conductivity, thickness and irregularity of surface of the electrochemically
deposited BO layers were investigated. Vacuum deposition was used to form thin layers of
photoactive and electron transportation materials. It was used CuPc (pbgmdocyaningas a
photoactive material and-809 (organic polymer) as electron transport matefiaé thickness
of deposited layers was evaluated using CELIV method [1].

So formed solar cell structure was photoactive, however the built in voltage was absent.

The phenomenon of switching was observed while measutihgchiaracteristic.

[1] G. J KgAdauskas M. Vililnas, J. Kolka. Extraction ¢
charge transport in microcrystalline silicon, Phys.Rev.Letters 84,-4948(2000).
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Various solid solutions containing perovskite;Mgi;,,TiO3 (NBT) were investigated in
order to find materials suitable for ptecal use. SrTiQ(ST) and PbTi@(PT) were used as
secondary material for NaBi12TiOs. It is known that these materials influence phase transition
of NBT in a different manner. ST increases relaxor properties while PT increases first order
charactestics of the phase transition [1]. There have not been any thorough studies (except [2])
of such solid solutions as NBFT-PT.

Measurements were made for concentrations x = 0; 0.1; 0.15 at temperature interval 110
500 K on cooling with a rate of 1K/min exat around phase transition where cooling speed was
lowered to 0.4 K/min. Frequency range was from 20 Hz to 40 GHz. Silver paste was used for
contacts.
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Fig. 4 Temperature dependence of complex dielectric permittivity of 0.40BET-0.1PT
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Fig. 2 Frequency dependence of complex dielectric permittivity at different temperatures for 0.4NBT
0.5ST0.1PT, solid lines represent fits with Hiak-Negami equation

Fig. 1 shows temperature dependence of complex dielectric permittivity for x = 0.1. The

maximum of real part of dielectric permittivity shifts towards higher temperatures when

frequency increases. It is typical behavior of relaxarofdectrics. Fig. 2 shows frequency

dependence of complex dielectric permittivity. Solid lines are fits with empirical Havriliak

Negami formula (1).

& (u)- ofe)=

e0)- =)

1+(iwd? o

1)

The purpose of the report is to represent HavrNegamifitting parameters and discuss

temperature dependencies.

[1] Lee, J.K.; Hong, K.S.; Kim, Ch.K.; Park, S.E.; Phase transitions and dielectric propertiesit i&n
substituted (NaBi1,) TiO3 ceramics (A=Pb and Sr)purnal of Applied Physi¢sol. 91, No7 (2002)
[2] Birks, E., Dunce, M., Antonova, M. and Sternberg, A., Phase transitions in modifieBiNai03-SrTiO;

solid solutionsPhysica Status Solidi,@ol.6, No.12 (2009)
[3] GomahPettry, J.R.; Said, S.;

Marchet, P.; Mercurio, J.P.; Sodiismuth tianate based leddee

ferroelectric materialsjournal of the European Ceramic Societpl. 24, Issue 6, Electroceramics VIlI

(2004)
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EPITAXIAL LAYERS
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InGaN is a defeetich material with typical dislocation densities of more thaha? [1].

Despite this fact InGaN materials are efficient light emitters and currently are used in fabrication
of various optoelectronic devices, such as green, blue and whitegtiing diocs and lasers.
Some of InGaN luminescence peculiarities are described by carrier localization model. During
the growth of InGaN epitaxial layers indium tends to form higher concentration areas, which act
like quantum wells [2]. Free carriers prefer to lomin those areas and more likely recombine
radiatively. Since most of the photoluminescence (PL) comes from indilinareas, spatial
distribution of the PL in an InGaN are non uniform and PL from high intensity region tends to
have longer wavelengthf ehe spectrum peak than from the low intensity region. Besides the
band edge PL, InGaN emits longer wavelength radiation caused by the energetic levels of
defects. The defecklated emission broadens the PL spectrum and lowers the band edge
luminescenceausing the reduction in the efficiency of InGhksed devices.

In this work, investigation of influence of laser annealing on InGaN epitaxial layers was
performed. InGaN epitaxial layer grown by MOCVD technique over sapphire substrate was
annealed with wéous laser intensities (ranges from 4.2 MW/am 25 MW/cnf) in 6 different
locations. High intensity laser annealing effect to the surface was visible even to the naked eye.
The surface relief was investigated using atomic force microscopy techniqee. draeealing
causes the formation of bumps with bigger radius, but smaller height.

The PL spatial distribution was obtained from all the annealed areas and the initial area for
comparison using laser scanning confocal microscopy technique. Spatiauttribf the PL
intensity from all areas was strongly inhomogeneous. Spatially integrated spectra illustrated in
Fig. 1. The PL spectrum from the initial area has both band edge and-cgé¢et! band with
equal intensity. Laser annealing has consideraifleence on the shape of the PL spectrum at
higher intensities than 12 MW/ém At O 2 6 anidaliigcintensities, the defeefated

band disappears, but the intensity of the band edge PL decreases.
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Fig. 1. Spatially integrated spectra from annealedi initial areas. Legend shows intensities of the
annealing laser.

[1] S. NakamuraThe Roles of Structural Imperfections in InG&ssed Blue LighEmitting Diodes and
Laser DiodesScience281, 956961 (1998).

[2] K. Okamoto, A. Kaneta, Y. Kawakami, S. Fujita, J. Choi, M. Terazima, T. MuRaixfocal
microphotoluminescence of InGabased lightemitting diodesJournal of Applied Physic88, 064503
(2005).
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Heterojunction based on tin dioxide films and silicon, are interesting structures for building

gas sensors, that 6s whphysitahcharacteristiesdobkptacget i on o f i
The investigated experimental structuresevmade by spray pyrolysis from solution en p

type silicon plate. Were received samples with tin dioxide film thickness 4, 7, 10, 15, 20 and 30

nm. Current voltage characteristics (&) were measured in voltagerange, 561, 5 V ( Fi g. :

a) b)
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Fig.1. Reverse (a) and direct (b) brancheg af investigated structures for different thickness of metal
dioxide film

C-V analysis carried out in the approximation of elarrier current transport mechanism.

For semiconductors charge transfer can be described by thermionibawkier emission for
majority carriers.

Barrier height dpendence on SnO2 film thickness is shown on Fig.2. The barrier height
decreases with increases of a thickness of a film from 4 to 15 nm. After that it gets out on
saturation and does not change at the subsequent increase of a film thickness to 30 nm.

As atomicforce microscopy studies have shown tin dioxide films have discontinuous
structure. When they are nanoscale they may grow with mechanism of Strangkaktanova.

The number and size of islands varies with the film thickness by qualitatively\4ik.
increasing of film thickness islets dimensions increases, until they begin to merge with each
other. The mean surface roughness (as follows from the results of atomic force microscopy)

decreases until becoming constant value on film thickness at 2®ont.
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Fig.2. Dependence of barrier height on the thickness of metal dioxide film.

Accordingly to the reduction of mean surface roughness, adsogttive surface area of
metal dioxide film decreases. This reduces the number of traps on the sur&w@zZfwhich
arise as a result of oxygen adsorption on oxygen vacancies. Presumably, this dependence of fil
morphology explains the dependence of heterojunction barrier height on the thickness of meta

dioxide film.
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Vacuum deposition method was used to produce bulk heterostructured organic solar cells.

The active layer structure and electric features changes were investigated before and after
heating solar cells.

The surface structure of organic materidsN-Bis[4-(2,2-diphenylethenyl)phenyi-
methylanilineand fullerene blend was investigated by AFM (atomic force microscope). After
heating (30 min. 60 CU) solar cells active | ay
were measured using TOF (time flifht) method. Measurements showed high mobility of
charge carriers of  materiaN,N-Bis[4-(2,2-diphenylethenyl)phenyf-methylaniline and
decrease of charge carriers mobility after heating from approximatel/@n* V tost,3: I 0
‘em? V.L s
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INVESTIGATION OF DEEP LEVELS IN Si AND IONIZING RADIATION
DETECTORS USING PHOTOIONI SATION SPECTROSCOPY
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lonizing radiation detectors are in harsh environment during experiments in Large Hadron
Collider (LHC). So they degrade because of it. To develop semiconductor material and create
detectors withimproved properties, such akigh speed and high radiation hardness, the
collaboration program RD50 was started by CERN. Silicon is still the best choice for that
purpose. It is believed, that new detectors with better properties, achieved by modification of
silicon, will replace the old ones in LHC after 5 years of experiments.

One of theaimsof our work was to upgradée photoelectrical spectroscopy equipment,
orderto investigate defegiropertiesandtheir variation upon irradiation by different fluencies of
ionizing radiation. Moreover, to observe photocaluctivity quenching effect, two

monochromator system was implemented with automatic wavelength and light intensity control.
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Fig 1. Photoconductivity spectrum of n type .

(thick curve) andts apnproximation'thin curves)

The main purpose of our research was evaluation of activation energies of local levels in
the nonirradiated silicon detectors. Thabtained photoconductivity spectra were modeled
numerically by Lucovsky model [1(Fig.1). The following values obptical activation energies

of deep centers were determined: 0,83 eV and 1,08 eV.
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In order toidentify shallower levels whichcould not be okervedusing photoioniation
spectroscopy, the thermal stimulated currents methodapaised Activation energies of these

levels areas folows n type samplé 0,225 eV, @ type sample 0,15 eV.

[1] G. Lucovsky, Solid State Communications, 283 (1965).
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Charge Extraction by Linearly Increasing Voltage (CELIV) is a widely used technique for
studying charge carrietransport in semiconductors. Due to certain limitations of the latter
technique photogenerated charge extraction (p8&blV) is preferred in new material studies.

In this work we show that photBELIV transients are strongly dependent on experimental
conditions such as the light intensity and absorption profile. With this in mind we introduce a
correction factor, which extends previously derived CELIV equations [1] to allow carrier
mobility to be estimated at various light intensities and photogenegatdites. In addition, we
demonstrated current saturation dependence on recombination. Light absorption is accounte

using BeetLambert law.

Photo-CELIV current transient saturation on light intensity

Photo-CELIV current transients with different light absorption profiles with different recombination coefficients
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Fig. 1: PhoteCELIV current transient dependency on absorpgimfile is illustrated (a). Profile ranges fri

(Ud

15

= 1000)

g

t o

BB =02

[l el el el
o

0 0.5 1
tt 4
(b)

bul k

(Ud = 0.

15 2

001) (bab

Bimolecular recombination coefficient is normalized to Langevin recombinationaienatf

The results are shown in the following figures.
Results shown in figure 1.(b) are yet to be empirically proven. Clearly visible that

extraction current saturates at certain value which correspongis/fo We expect that these

results will help to experimentally determine bimoleculaomebination coefficient.
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Fig. 2: Numerically calculated correction factor K=tmax shown as a function of current

ratio. T displacement currentand 1 current transient maximum. Different curves represent various
i ght absorption profiles (Ud).

In figure 1.(a) current transient maximum time varies when absorption profile

changes. Therefore the correction factor (fig. 2) is used to calculate the charge
carrier mobility using equation at given experimental conditions. These results will

be used in application of phe@ELIV.

[lJ]Jugka G. et al Phys.iRR@288. B. 2000, B62, R16 235
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