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Emil Djakov’s 100-th Birthday Anniversary

ACADEMICIAN EMIL STEFANOV DJAKOV’S
100-th BIRTHDAY ANNIVERSARY

On March 27, 2008, in the Great Hall
of the Bulgarian Academy of Sciences
Central Administration, a ceremonial
meeting was held to commemorate the
100-th birthday
Academician Emil Djakov. The meeting

anniversary of

was organized by the Institute of
Electronics, a  proud bearer of
Academician Emil Djakov’s name, and
under the patronage of BAS leadership.
Academician Djakov  pioneered the
scientific and applied research in
Radiophysics and Electronics in Bulgaria;
he was the founder and first director of the
Institute of Electronics.

The ceremonial meeting was attended
by members of the Institute’s staff,
lecturers at the Radiophysics and
Electronics Chair of the Faculty of Physics
of St. Kliment Ohridski University of
Sofia, students, Academician Djakov’s co-
workers, who brought with themselves the
invisible venerable presence of the their
teacher and scientific leader, members of
his family with the memory of paternal
attention, many guest, specially invited or
attracted by the jubilee poster and the
biographic exhibition in BAS Central
Administration lobby. The ceremony was
chaired by Assoc. Prof. Dr. N.
Guerasimov, Deputy Director of the
Institute.

The meeting was opened by a brief
emotional address of greetings and
recognition delivered by Acad. N.
Sabotinov, then Acting President of BAS,
and among Academician Djakov’s pupils
at the time when the first lasers were built
in Bulgaria.

Antonin Dvorak’s refined music,
interpreted by Stankov Quintet led by Prof.
Angel Stankov, son of the late Mircho
Stankov, the Institute’s first Assistant
Director, charged the audience with new
exalted emotions.

In his speech, the Institute’s Director,
Assoc. Prof. Dr. R. Enikov described
Academician Djakov’s life and deed. He
emphasized the Academician’s
achievements as a scholar, leader and
extraordinary man, delineated their
importance to the development of our
country, and defined his pupils and
followers’ accomplishments.

Various aspects of Academician
Djakov’s complex person were revealed in
the reminiscences of Prof. A. Spasov, Prof.
M. Drajev, Prof. I. Vankov, Prof. Bogomil
Kovachev, Prof. L. Vatskichev. Greeting
addresses were delivered on behalf of BAS
leadership, the Union of Scientists in
Bulgaria, the Institute of Solid-State
Physics, the Institute of Nuclear Research
and Nuclear Energy, and Institute of
Astronomy, the Faculty of Physics of
Sofia University, all expressing respect
and recognition to Academician Djakov’s
deed and to the achievements of his
institute and pupils.

The Institute’s Director presented the
traditional annual Academician Djakov
award for the best scientific work in 2007
in the field of Radiophysics and
Electronics to Prof. P. Atanasov and
Assoc. Prof. N. Nedyalkov, a very
symbolic act, as Prof. P. Atanasov was
among the first Academician Djakov’s
pupils, and Assoc. Prof. N. Nedyalkov is a
Prof. P. Atanasov’s collaborator.
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Once the formal part of the celebration
was completed, the meeting was naturally
and spontaneously transferred to the
Central Administration lobby, where the
attendees continued the reminiscences and
discussions over a glass of wine.

By holding this official celebration,
BAS demonstrated that it remembers and
cherishes the memory, virtues and
achievements of Academician Djakov,
who has fittingly been given a well
deserved distinguished place among the
prominent Bulgarians. This was not just a
formal celebration but a celebration of
man’s spirit.

A Brief Biography

Emil Djakov, a physicist, Academician
of the Bulgarian Academy of Sciences
(1967), Member of the BAS Presidium
(1968-1972), graduated from the St.
Kliment Ochridski University of Sofia in
1931.

Having graduated from the University
E. Djakov became a PhD student at the
Department of Physics and Mathematics.
Two years later he was appointed
Assistant Professor at the Faculty of
Physics of Sofia University.

In 1936-1937 E. Djakov took
specialization courses at Berlin Higher
School (Germany), and in 1939 Sofia
University elected him Associate Professor
on Technical Physics. Associate Professor
E. Djakov read a course ‘“Physical
Fundametals of Electrical Engineering”
and lectures on Radio Engineering, as well
as a brief course on physics for students of
other specialties. In 1942 he was elected
Professor and established the first
laboratory at the Chair of Technical

Physics. He headed the laboratory from
1945 to 1967.

The topic of his main scientific
activities was connected with applied
electronics, radiophysics and metrology.
He studied experimentally the electron
oscillations in diodes and magnetrons.
Together with A. Raev, E. Djakov
discovered a new type of oscillations in
magnetron lamps  whose  frequency
depends on the angular velocity of
electrons around the cathode rather than on
the external circuit parameters. He
developed new methods of high vacuum
measurements, and suggested a high-
sensitivity method of ultra high vacuum
control by means of strengthening the ion
current component in magnetron lamps.

E. Djakov developed a theory of
temporal switches and integrators of
nonlinear functions, a precision analytical
theory of diode connection in automatic
control technology.

From 1952 to 1962 E. Djakov was the
leader of the Department of Physical and
Applied Electronics at the BAS Physics
Institute. He was the founder and the first
director of the BAS Electronics Institute
(1963). He was also an Honored Worker
of Science of Republic of Bulgaria, a
permanent member of the International
Bureau of Weights and Measures (Paris,
France).

Academician E. Djakov took part in
the establishment of the Joint Institute for
Nuclear Research (JINR) and its formation
as a large scientific research centre. In
1959-1961 he occupied the position of
Vice-Director at the Joint Institute for
Nuclear Research and was member of the
JINR Scientific Council.



About the Institute of Electronics

ABOUT THE ACADEMICIAN EMIL DJAKOV INSTITUTE OF ELECTRONICS

The Institute of Electronics at the
Bulgarian Academy of Sciences was
established in 1963 as a non-profit state
organization conducting research,
education and dissemination of scientific
knowledge in the fields of Physical
Electronics, Photonics and Quantum
Electronics and Radio Sciences. Soon, the
Institute of Electronics evolved as a
leading scientific institution in these areas
of applied physics and engineering within
the Bulgarian Academy of Sciences and in
Bulgaria.

Throughout the several decades of its
history, the activities of the Institute were
expanded toward fast developing fields of
applied physics and engineering, such as
high technology material fabrication,
treatment and analysis, nanosciences and
nanotechnologies, nanoelectronics,
photonics,  optoelectronics,  quantum
optics, environmental monitoring,
biomedical photonics and applications.

Key research areas:

o The investigations in physical
electronics are focused on the generation
and control of electron and ion beams and
their interaction with matter. Novel
techniques, theoretical modeling,
experimental and industrial equipment are
developed for surface modification, thin
film deposition and characterization,
welding and melting of metals by intense
electron beams in vacuum. The physical
basis is studied of technologies for
fabrication of nano-dimensional structures
using electron and ion beams. Computer
simulation and experimental investigations
are carried out on electron and ion
lithography of submicron and
nanoelectronic structures. The possibilities
are explored of creating nanomaterials and
nanoelectronic elements utilizing
superconducting carbon and polymer films
and experimental devices on that basis.
Another area of research concerns
fundamental properties of gases and
plasma of rare gases and metal vapors;

restoring electron-molecule cross-sections;
modeling of binary interactions in
molecular gases for industry, ecology and
spectroscopy needs. Arc plasmas and arc
plasma torches are studied in view of
diagnostics and applications, such as
plasma-assisted formation of thin films
and coatings, and realization of plasma-
chemical processes. Langmuir probe
measurements are employed  for
diagnostics of chemically active plasma
discharges.

o The research in photonics and
quantum electronics includes:
experimental and theoretical studies of the
interaction of pulsed and ultrashort-pulsed
laser radiation with matter; new
technologies based on near-field optics,
plasmonics and nanostructuring; laser
deposition and processing of active and
passive optical and magnetic films;
electromagnetically induced transparency
and absorption in alkali atoms with
metrological applications; investigations
and development of complex laser systems
for modification and analysis of
semiconducting and HTSC materials;
theoretical and experimental studies of
nonlinear optical phenomena; bio-medical
photonics.

o The research in radio sciences is
concentrated on studying the interaction of
optical and microwave electromagnetic
radiation with the atmosphere and Earth
surface, namely, laser radar remote
sounding and monitoring of the
atmosphere, = microwave  radiometric
sensing of the soil moisture; detection,
amplification and signal processing
techniques for extraction and interpretation
of information; design of microwave
devices for radar and communication
system applications; nonlinear processes in
optical communication media.

Scientist from the Institute are actively
involved as experts in the work of a
number of governmental and international
organizations, such as the National
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Scientific Fund, the Higher Attestation
Commission, specialized scientific boards
at the Higher Attestation Commission,
scientific boards at other institutes within
the Bulgarian Academy of Sciences,
academic boards of universities, editorial
boards of Bulgarian and international
scientific journals, expert boards of the
European Commission, program
committees of national and international
scientific events.

Scientists from the Institute are
delivering 35 academic courses in ten
universities in Bulgaria and have been
invited to lecture at universities in the
European Union, Japan, etc. At present,
seven doctoral studies are preparing their
theses in the Institute.

The Academician Emil Djakov
Institute of Electronics was where the first
Bulgarian laser, lidar, plasma torch,
ultrahigh vacuum pump, micro-channel

electron-optical ~ converter, parametric
microwave amplifier, Josephson junctions
and SQUID, portable microwave moisture
meter, magnetometer, installations for
electron lithography, electron beam
melting, refining, and welding were built,
followed by the development of several
advanced e-beam technologies, novel
types of optical gas sensors, pioneering
achievements in nanostructuring and
nanoparticle formation, laser and plasma
high technologies.

The Academician Emil Djakov Institute of
Electronics aims to sustain and advance
previous pioneering work by promoting
the theory, basic science and technology of
photonics, optoelectronics, environmental
monitoring, laser biomedical research and
applications. This involves searching for
new materials, new techniques, new
devices and new applications.

LABORATORIES

EMISSION ELECTRONICS
HEAD: Assoc. Prof. N. Donkov, Ph.D.

PLASMA PHYSICS AND
ENGINEERING
HEAD: Prof. B. Djakov, Dr.Sc.

PHYSICAL PROBLEMS OF ION
TECHNOLOGIES
HEAD: Prof. S. Tinchev, Dr.Sc.

PHYSICAL PROBLEMS OF
ELECTRON BEAM TECHNOLOGYIES
HEAD: Prof. G. Mladenov, Dr.Sc,
Corresponding Member of BAS

SUPERCONDUCTIVITY AND
CRYOELECTRONICS
HEAD: Assoc. Prof. T. Nurgaliev, Ph.D.

GAS LASERS AND LASER
TECHNOLOGIES

HEAD: Prof. P. Atanasov, Dr.Sc,
Corresponding Member of BAS

CONDENSED MATTER LASERS
HEAD: Assoc. Prof. G. Todorov, Ph.D.

LASER SYSTEMS
HEAD: Assoc. Prof. N. Mihailov, Ph.D.

FIBER AND NONLINEAR OPTICS
HEAD: Assoc. Prof. L. Kovachev, Ph.D.

LASER RADARS
HEAD: Prof. D. Stoyanov, Dr.Sc.

MICROWAVE REMOTE SENSING
HEAD: Assoc. Prof. B. Vichev, Ph.D.

MICROWAVE MAGNETICS
HEAD: Prof. I. Nedkov, Dr.Sc.

MICROWAVE SOLID STATE
ELECTRONICS
HEAD: Assoc. Prof. A. Yanev, Ph.D.

PHYSICAL TECHNOLOGIES
HEAD: Assoc. Prof. R. Enikov, Ph.D.
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SCIENTIFIC COUNCIL*
Chairman: Prof. P. Atanasov, Dr. Sc., Corresponding Member of BAS,

IE BAS, e-mail: paatanas@jie.bas.bg
Deputy Chairman: Assoc. Prof. M. Mikhalev, Ph. D., IE BAS, e-mail: matam@jie.bas.bg

Secretary:
Members:
Prof. B. Djakov, Dr. Sc.,

IE BAS, e-mail: boyan d@yahoo.co.uk

Prof. A. Draishu, Dr. Sc.,

Sofia University, e mail: ald@phys.uni-sofia.bg
Prof. E. Ferdinandov, Dr. Sc.,

IE BAS, e-mail: ef lor@jie.bas.bg

Prof. V. Gerjikov, Dr. Sc,

INRNE BAS, e-mail: gerjikov@inrne.bas.bg
Corresp. Member of BAS G. Mladenov, Dr. Sc.,
IE BAS, e-mail: mladenov@ie.bas.bg

Prof. 1. Nedkov, Dr. Sc.,

IE BAS, e-mail: nedkov(@ie.bas.bg

Prof. M. Nenchev, Dr. Sc.,

TU Sofia, e-mail: nenchev@ie.bas.bg

Member of BAS N. Sabotinov, Dr. Sc.,

ISSP BAS, e-mail: vicepres@eagle.cu.bas.bg
Prof. D. Stojanov, Dr. Sc.,

IE BAS, e-mail: dvstoyan@ie.bas.bg

Prof. L. Zarkova, Dr. Sc.,

IE BAS, e-mail: lydia@ie.bas.bg

Assoc. Prof. I. Uzunov, Dr. Sc.,

TU Sofia, e-mail: ivan_uzunov@hotmail.com

*4bbreviations:

Assoc. Prof. P. I. Petrov, Ph. D., IE BAS, e-mail: sci_con@jie.bas.bg

Assoc. Prof. K. Vutova, Dr. Sc.,

IE BAS, e-mail: vutova@ie.bas.bg
Assoc. Prof. L. Avramov, Ph. D.,

IE BAS, e-mail: avramov(@ie.bas.bg
Assoc. Prof. R. Enikov, Ph. D.,

IE BAS, e-mail: radi@ie.bas.bg
Assoc. Prof. N. Guerassimov, Ph. D.,
IE BAS, e-mail: gueras@ie.bas.bg
Assoc. Prof. L. Gurdev, Ph. D.,

IE BAS, e-mail: lugurdev(@ie.bas.bg
Assoc. Prof. S. Kartaleva, Ph. D.,

IE BAS, e-mail: dilas@ie.bas.bg
Assoc. Prof. L. Kovachev, Ph. D.,

IE BAS, e-mail: lkovach@ie.bas.bg
Assoc. Prof. D. Oliver, Ph. D.,

IE BAS, e-mail: dik@ie.bas.bg
Assoc. Prof. G. Todorov, Ph. D.,

IE BAS, e-mail: gtodorov(@ie.bas.bg
Assoc. Prof. B. Vichev, Ph. D.,

IE BAS, e-mail: borvich@yahoo.com
Assoc. Prof. A. Yanev, Ph. D.,

IE BAS, e-mail: ssme@ie.bas.bg

IE BAS — Institute of Electronics of the Bulgarian Academy of Sciences
INRNE BAS — Institute for Nuclear Research and Nuclear Energy of the Bulgarian Academy of Sciences

TU Sofia — Technical University of Sofia

ISSP BAS — Institute of Solid State Physics of the Bulgarian Academy of Sciences

DIRECTOR

Assoc. Prof. R. Enikov, Ph.D.
Tel: +359 2 875 0077
e-mail: radi@ie.bas.bg

Deputy Directors

Assoc. Prof. S. Gateva, Ph.D.
Tel: +359 2 875 2778
e-mail: sgateva@ie.bas.bg

Assoc. Prof. N. Nedialkov, Ph.D.
Tel: +359 2 979 5924
e-mail: nned@ie.bas.bg

Scientific Secretary

Assoc. Prof. K. Vutova, Dr.Sc.
Tel: +359 2 875 2778
e-mail: vutova@jie.bas.bg

Administrative Director
Mrs. D. Mladenova
Tel: +359 2 875 2678

e-mail: die@ie.bas.bg
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Research Activities
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Conferences

Ongoing Research Projects
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LABORATORY

EMISSION ELECTRONICS

HEAD: Assoc. Prof. N. Donkov, Ph.D.

TOTAL STAFF: 9
RESEARCH SCIENTISTS: 5
M. Mladenov, P. Georgiev, V. Varbanova, Ts. Valchovska, Pl. Petkov.

RESEARCH ACTIVITIES:
1. Ion beam modification

Modifying the properties of coatings
for biomedical application require surface
activation and functionality in the form of
reactive functional groups or a change of
the charging state of the surface. A
promising approach to activating a
biomaterial surface is using ion beam
assisted  deposition.  Electron beam
evaporation as a coating deposition
process is highly preferred due to the
possibility of efficient surface properties
control.

Ta,Os-ceramic coatings are a
promising  material for  biomedical
applications. We, therefore, performed a
study of e-beam evaporated Ta,Os-film
structure properties effect on
fibroblast/material interaction.

Computer  simulations  of  the
experiments ware carried out using
detailed calculation with full damage
cascades, part of the SRIM 2003 software
package.

The changes were modelled occurring
in layers of Ta,Os prepared by electron-
beam evaporation or ion-assisted electron-
beam evaporation following irradiation by
300-eV Ar ions, with the purpose of
improving the biocompability.

An analogous experiment was also
modelled, but with a thin oxide film
deposited on the Ta,Os layer. Following
the oxide film deposition, the surface is
bombarded by 300-eV Ar ions, in view of
improving the Ta;Os stoichiometry.

The comparison between the two cases
modelled demonstrated that in the
presence of an oxide layer the desired
effect is achieved at lower irradiation
doses. One observes penetration of O,
from the oxide film into the Ta,0Os layer,
which results in an improvement of the
Ta,Os stoichiometry.

At the same time, the number of
induced defects is reduced, which reduces
the degree of layers’ amorphity and, in
turn, the necessity of additional annealing
of the structures.

2. Focused ion beams

The inclusion of quadratic field terms
in the usual expression for predicting the
zero-Q evaporation field for a chemical
element yields a fourth-order equation.
This has previously been solved
numerically, to yield the enhancement
factor £, by which the solution exceeds
that obtained when the quadratic field
terms are neglected. Putting this equation
into a suitable dimensionless form yields a
much simpler fourth-order equation for £,
that has a straightforward analytical
solution. Solutions exist only for values of
the coefficient D less than a critical value
D" equal to 27/256, and D can be simply
evaluated using the bulk atomic volume
and the usual thermodynamic parameters
needed to predict the evaporation field.
The cases where D is greater than D, for
one or more values of the escape charge-
state n, are strongly correlated with the
position of the element in the Periodic
Table, and show that the dominant
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influence is the pattern of ionization-
energy values. Tables and formulae are
provided for performing such calculations
easily. D-values and enhancement factors
were tabulated for relevant elements and
for n =1 to 4, using three thermodynamic
parameter values previously wused in
evaporation-field tabulations. In 9 out of
56 cases ,the escape charge-state predicted
by Branson’s criterion increased by 1, as
compared with predictions based on
Miiller’s  formula and the same
thermodynamic data. The enhancement
factors predicted lay between 1.03 and
1.47, with average 1.11.

3. Ion beam assisted deposition of thin
films and process control

Using an EB evaporation technique,
TiO, were deposited on Si substrates.
Certain  process  parameters  were
controlled during the deposition. The layer
composition was monitored by XPS. A
study of the influence of the partial
pressure on the properties of the in-situ
mass-spectrometer analysis is under way.

In order to determine the TiO, sorption
ability to NH3, quartz crystal microbalance
(QCM) with thin TiO, layers was
investigated. The TiO, film was used for
the detection of NH; gas. Quartz
resonators implemented on an AT-cut with
frequency of 14 MHz were used to
transform the additional mass loading, as a
result of sorption, into a frequency shift.
The experiments were carried out by
measuring the QCM resonance frequency
shifts over aqueous solution of NH; with
different concentrations from 10 ppm to
1000 ppm.

The experimental results obtained
indicated that the resonance frequency
varied depending on the ammonium
concentrations and TiO, thickness. It was
also found that the process of sorption is
reversible.

It could be concluded that a QCM
covered with thin TiO; layer is sensitive to
ammonium vapor at room temperature and
has the ability to distinguish between
different NH3 concentrations in the range
investigated.

PUBLICATIONS:

Georgieva V, Donkov N, Spassov L,
Petkov P, Gadjanova V,

Detection of quartz crystal microbalance
coated with Ti10O,,

J Phys: Conf Series 2008;113:012053.

ONGOING RESEARCH PROJECTS:

Financed by the Bulgarian Academy of
Science

Ion beam application for investigations
and synthesis of the new materials.

Financed by the Ukraine Academy of
Science and the Bulgarian Academy of
Science

New materials for biomedical investigations.

Financed by BMW - Germany

Investigation of the cluster emission
characteristics of a liquid-metal ion source
and their improvement with the aim to
produce focused ionized cluster beams.
Numerical simulation of the cluster
emission process and of the nonlinear
effects in the interaction with matter.

COLLABORATIONS:

Thermionic emission energy transverter
for vacuum technology; Model based
control,

Institute for Applied Physics, Otto von
Guericke University, Magdeburg, Germany.

Ion implantation for nano-technology
applications,

Research Center Dresden-Rossendorf, Germany
and University of Edmonton,Canada.



Annual Report IE 2008

13

LABORATORY

PLASMA PHYSICS AND ENGINEERING

HEAD: Prof. B. E. Djakov, Dr.Sc.

TOTAL STAFF: 10
RESEARCH SCIENTISTS: 8
Prof. L. Zarkova, Dr.Sc.; Assoc. Prof. R. Enikov, Ph.D.; Assoc. Prof. N. Guerassimov, Ph.D.;
Assoc. Prof. D. Oliver, Ph.D.; Assoc. Prof. E. Balabanova, Ph.D.;
M. Dimitrova, Ph.D.; M. Damyanova; E. Vasileva.

RESEARCH ACTIVITIES:

1. Fundamental processes in gases at
high temperatures

The alkenes, cyclo-alkanes C,Hor, (m=1t0 4)
and diatomic halogen molecules F,, Cl,,
Br, and I, are important reactants,
intermediates and end products in the
chemical industry. Some of them are also
widely used in the polymer industry.
Tables are presented with recommended
thermophysical data in the temperature
range (200 - 1000) K and pressures < 0.1 MPa
of ethene, propene, cyclo-propane, 1-butene,
cis-2-butene, trans-2-butene, and iso-butene,
fluorine, chlorine, bromine and iodine. The
second  pVT-virial  coefficients B,
viscosities 7, and diffusion coefficients D
are calculated by means of a (n-6)
Lennard-Jones temperature-dependent
potential. The potential parameters,
namely, equilibrium distance R,(7) and
potential well-depth &(7), are defined as
functions of the temperature 7 by solving
an ill-posed problem of minimization of
the squared deviations between measured
and calculated B, 7, and D, normalized to
their experimental error. Tables with
potential parameters as well as algorithms
for calculation of the potential-dependent
properties are also given.

2. Investigation and description of
nanostructures in oxide glass materials

Different glass and glass-crystal
systems are being very actively studied

because they can serve as matrices for
formation of composite materials. The
borate-tellurite oxide systems are suitable
for this purpose since nano- and micro-size
inhomogeneities develop during the
process of glass formation. Borate-tellurite
glasses are phase-separated glasses, i.e.
immiscible glasses.

In the past year, the relation
composition-nanostructure formation was
studied for different borate-tellurite oxide
systems. The study is important for two
reasons: i) the simultaneous presence of
two glass-formers (B,O; and TeO,) is of
interest for the general concept of
heterogeneous glass structures. These
components compete in the network
building with participation of many
structural (BO3;, BO4, B3O¢, TeOs, TeOy)
and more complex superstructural units;
i1) the nano-scaled formations stimulate
the stable (from 25.5 to 95 mol. % B,03)
and metastable liquid phase separation in
B,0sand TeO,; glasses.

The structural evolution in the glasses
was observed by TEM micrographs of
powdered samples. TEM micrograph
computer treatment (TEM-MCT) was used
for quantitative estimation of the
nanostructures (objects) in borate-tellurite
glasses having different compositions. The
TEM-MCT was applied to obtain the
structural parameters (SP) of the samples
as follows: the circularity (C) of the
nanosized droplet-like formations
observed and their mean area (MA). Also,
the distributions of the relative number of
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objects (Ni/N) and relative droplets area
(Ai/A) in relation to the object circularity
were obtained. For the spherical droplets,
i.e. those with circularity equal to 1, the
distributions of the droplets area were
obtained and the MA was calculated.

The investigations were performed at
the University of Chemical Technology
and Metallurgy —Sofia and the Institute of
Electronics —BAS.

3. Electric arcs and arc plasma torches

Thermal plasma jets and other forms of
accelerated plasmas that are produced by
electric arcs find various applications, such
as material processing, propulsion devices
and space technology simulations.

A. A simple diagnostic device for
monitoring the position and width of a
thermal plasma jet is proposed. Three
narrow-collimated and one wide-angle
photodetectors are pointed at the object
along three different directions within a
cross section of the jet. With an
assumption for symmetric trapezoidal
distribution of the light emitted from the
jet cross section, a simple algorithm is
derived. Tests were performed using fast
CCD camera images of arc plasma jets
carrying powder particles under conditions
typical of a plasma spray technological
process (“plasma coating”).

An experimental program is under way
based upon factorial design and aimed at
providing a means of automatic control for
thermal plasma processing of materials.
The work is in collaboration with a team
from the Institute of Plasma Physics,
Czech Academy of Sciences, Prague.

In addition, it was shown that direct
monitoring of some electric and thermal
characteristics of the plasma torch may be
used for automatic control.

B. In collaboration with a team from the
University of Liverpool, UK, a new
approach  was  proposed for the
electromagnetic control and propulsion of

a current carrying arc plasma ring. The
interaction of the electric arc, formed in
atmospheric pressure air, with a magnetic
field of specific configuration was
investigated. Pulsed plasma propulsion is
obtained when the arc plasma and
magnetic field sustaining current is
reduced automatically to zero whereby the
constraining electromagnetic forces are
removed and, as a consequence, the
resulting plasma ring expands radially
outwards. This expansion is strongly
enhanced by ablation of the internal PTFE
wall of the device. The experimental
results are shown to be in good agreement
with theoretical estimates based upon
Sedov’s self-similar model.

4. Diagnostics of tokamak edge plasma

Langmuir probes have been widely
used in the study of the electron energy
distribution function (EEDF), beginning
with Druyvesteyn’s work.

The recently developed kinetic theory
in a non-local approach widens the probe
method’s  applicability  yielding a
Druyvesteyn formula’s extension to
intermediate gas pressures (100 — 1000 Pa),
or the first derivative electron probe
method at higher gas pressures (>1000 Pa).

We considered the applicability of the
first derivative Langmuir probe method to
measurements in strongly magnetized
tokamak plasma. The method is used for
processing the electron part of the current-
voltage  (IU) probe characteristics
measured in CASTOR tokamak edge
plasma (Institute of Plasma Physics,
Association EURATOM-IPP, Prague,
Czech Republic).

The IU characteristics measurements
in the CASTOR tokamak edge plasma
were carried out by using an array of 16
single Langmuir probes, the Rake probe
being oriented perpendicularly to the
magnetic field lines. Each cylindrical
probe tip has a length of L =2 mm and a
radius of R=0.35 mm. The probes are
spaced by 2.5 mm in the radial direction.
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All probe tips are biased simultaneously
by a triangular voltage U(¢) with respect to
the tokamak chamber, which serves as a
reference electrode. The time necessary to
measure a single IU characteristic is
typically ~ 1 ms. A comparison of the
results obtained with the results given by
the Stangeby method yields a satisfactory
agreement.

PUBLICATIONS:

1.

Zarkova L, Hohm U, Damyanova M,

Viscosity, second pVT-Virial
coefficient, and diffusion of pure and
mixed small alkanes CHj4, C,Hg,
CsHs, n-C4Hip, 1-C4Hio, n-CsHio,
i-CsHj,, and C(CHj3)4 calculated by
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RESEARCH ACTIVITIES:

1. Design of amorphous carbon spectral
selective coatings

Spectral selective coatings are the most
important parts of solar thermal collectors.
Many different coatings have been
developed and are widely used today. An
ideal absorber should absorb all solar
radiation and avoid losing the absorbed
energy as infrared emittance. Real
absorbers are, however, not perfect.
Therefore, different types of spectrally
selective coating are under investigation.
The main goal is to improve the solar
absorption and to reduce the thermal
emittance of the absorbers. There are also
other 1important properties, such as
simplified fabrication technology and long
lasting durability.

Recently, we succeeded in the simple
fabrication of spectrally selective coatings
by only changing the deposition conditions
(different bias voltages) of hydrogenated
amorphous carbon films. We report here
our efforts to design a solar absorber based
on such films.

A rough estimation of the absorber
thickness d can be made using the
transmittance 7 and the reflectance R
spectra of our a-C:H films deposited on
glass. From such spectra measured on
thicker films, one can calculate the
absorption coefficient. For the solar
radiation maximum near 550 nm, the
absorption coefficient is about 25000 cm .
Taking into account that the light is
travelling twice through the absorber

thickness, the estimated film thickness for
95% absorption should be about 600 nm.
The use of multilayer structures can
further improve the performance of solar
absorbers. The design is based on the idea
that destructive interference between
adjacent layers contributes to the
absorption of the absorber. We developed
a computer tool that takes into account the
limited range of available refractive
indices of a-C:H films and the
technological limitations on the film
thicknesses. The goal is to reduce the
substrate reflection by a minimal number
of layers. In what follows, we consider an
Al substrate with films of complex
refractive indices (N = n — ik) in the visible
range, with n between 1.9 and 2.7 and &
between 0.1 and 0.5. The films can have
thicknesses from 50 to 350 nm. These
values of the a-C:H film optical constants
are near to experimental ones. The
numerical optimization of the absorber
design is based on a flexible computer
algorithm, which does not need an initial
guess of the optimization parameters and
does not use derivative procedures. In fact,
we use a direct approach, free from the
drawbacks of minimization techniques,
such as the gradient search or Simplex
methods. Our procedure is computer time
consuming, but that is the price of making
no linearization, either on the goal
function, or on the model functions of the
dependent variables. We define the merit
function of optimization as the reduction
of the substrate reflection on a
wavelength-by-wavelength  basis.  We
reached a solution with three layers.
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Although our numerical simulations
are for normal light incidence, it is known
that at oblique incidence the antireflection
band will shift to shorter wavelengths
(nearer to 550 nm, in our case). The
approach can be successfully implemented
in omni-directional ARC structures with
gradient index materials, etc.

2. Decomposition kinetics of amorphous
AuOy; and AuAgO, thin films with
highly prolonged lifetimes

Up to now, thin amorphous films of
noble metal oxides as AuOyx, AuAgOy and
PtOx have been obtained, employing
mainly radio frequency (rf) magnetron
sputtering or electrochemical methods.
Their application has been, however, very
limited due to their comparatively short
lifetimes (up to 6 months for PtOy films
and not longer than several months for
AuOy and AuAgOx films).

The aim of the present study is to find
a method for depositing noble oxide thin
films with substantially prolonged time
durability. The investigations carried out
showed that the reactive sputtering in a
d.c. magnetron system with controllable
unbalance ratio was especially appropriate
for this purpose. The main advantage of
this magnetron is its capability to ensure
effective ion assistance during film
deposition. The possibilities of the method
were demonstrated in depositing AuOy and
AuAgOx thin films. The influence of basic
deposition and plasma parameters on film
time durability was systematically studied.
After a precise optimization of the
deposition process, the film time durability
could be substantially increased and
amorphous, dense and stress-free AuOy
and AuAgOy films with lifetimes up to two
and three years, respectively, were
obtained. The influence of deposition
parameters on the film specific electric
resistance and film decomposition stability
towards spontaneous thermal reduction to
pure gold or gold-silver alloy, respectively,
was systematically investigated. The film
time durability was determined under

standard open air conditions. The film
decomposition  kinetics at room
temperature was thoroughly investigated.
It was established that it could be
described as a phase formation process
beginning from the surface of amorphous
nano-grains building up the AuOx and
AuAgOy films.

3. A method for controlling the cluster
size distribution

Generation of monodispersed and
isolated nanoclusters from different
materials remains up to now a challenging
problem. We proposed a method for
depositing nanoclusters with a narrow size
distribution employing a magnetron
system with controllable unbalance ratio.
This unbalanced magnetron allows
continuous variation of the regime of ion
assistance within wide limits and thus a
precise control on the cluster size
distribution can be achieved.

The possibilities of the method were
demonstrated  in  depositing  silver
nanoclusters. Optimizing the deposition
conditions  (working gas  pressure,
magnetron discharge power and regime of
ion assistance), isolated silver nanoclusters
with mean size of about 6 nm and
dispersity down to 7 % were deposited on
amorphous carbon substrates. It is
important to note that after long storage
(one year) under open air conditions, no
changes in the mean size and dispersity of
the nanoclusters thus produced were
detected.

The method proposed could be used
for producing nanoclusters not only on
conducting substrates but also on insulated
ones, since using this magnetron an
effective regime of ion assistance can be
also achieved without substrate biasing.

4. Amorphous gold oxide thin films with
long time durability

Noble metal oxide films could be used
as passivating layers, in maskless
production of microelectronic integrated
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circuits and devices, of chemical sensors
and optical switches, or as very active
catalysts. Such films prepared employing
conventional deposition methods are
characterized, however, by short lifetimes,
not exceeding several months, which
substantially limit their prospective
application.

Our investigations carried out showed
that the reactive sputtering in a magnetron
system with controllable unbalance ratio is
especially appropriate for this purpose.
The main advantage of this magnetron is
its capability to ensure effective ion
assistance during film deposition even
under conditions of floating substrate
potential at relatively high working gas
pressures.

The outstanding possibilities of this
method were demonstrated in the case of
gold oxide film deposition. The influence
of basic deposition and plasma parameters
on film time durability was systematically
studied. After a precise optimization of the
deposition process and employing gradient
interlayers, the film time durability was
substantially increased and amorphous
dense and stress-free stoichiometric gold
oxide films with lifetimes up to three years
were obtained.

5. Single electron tunneling as a possible
conduction mechanism in diamond-like
carbon film

Single electron tunneling phenomena
such as Coulomb blockade have been
attracting great interest because of their
scientific and technological importance.
Coulomb blockade of tunneling is a
phenomenon observed in low capacitance
tunnel  junctions usually at low
temperatures. Tunneling of a single
electron causes charging of the junction
capacitance and thus blocking the
tunneling for voltages below e/C. Here e is
the electron charge and C is the junction
capacitance. In order to observe Coulomb
blockade the charging energy E.=e’/2C

should be as large as the thermal energy
kgT (kg 1s the Boltzmann constant and 7 is
the temperature). Therefore for structures
with micrometer and even sub micrometer
dimensions this phenomenon is observed
typically at low temperatures below 1 K.

To fabricate single electron devices
operating at room temperatures it 1is
essential to obtain nano-sized quantum
dots or nanostructures with sizes below 10
nm, because the charging energy can
overcome the thermal energy (kzT = 26
mV at 300 K) only in such small
structures. Dimensions below 10 nm are,
however, below the resolution limit of the
electron beam lithography. Therefore self-
organization processes are promising
candidates for preparing electron devices
operating at room temperatures. In systems
with metallic nanoclusters Coulomb
blockade has already been observed at
room temperature.

We discuss single electron tunneling as
a possible conduction mechanism in
diamond-like carbon (DLC) films at room
temperature. As far as we know, this is the
first time that Coulomb blockade has been
found in DLC films. The motivation for
this work is the following. Diamond-like
carbon films can be considered to consist
of sp>-bonded conducting graphitic islands
embedded in a sp’-bonded insulating
matrix.  Estimating the capacitance
between two graphitic clusters as spheres
with equal diameter of about 3 nm at a
distance of about 2 nm one can find a
value of about 0.5 aF. Thus in a tunnel
junction with such small capacitance
Coulomb blockade should be observed up
to 3000 K. Therefore the first condition for
room temperature observation of Coulomb
blockade in diamond-like carbon is
satisfied. There is, however, a second
condition for observing single electron
tunneling. The charging energy must be
larger then the Heisenberg’s uncertainty of
the energy. From this it follows that the
resistance of the junction R should be
much larger then he? = 4.1 kQ (h being
the Planck constant), which is also usually
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well fulfilled in high-resistance diamond-
like carbon film.

The diamond-like carbon films used in
our experiments were  amorphous
hydrogenated carbon films (a-C:H) made
by DC PECVD from a mixture of benzene
and argon. The films were deposited at a
DC voltage of 1 kV and a pressure of

5X102TOI‘I‘. The films were deposited on
magnetron sputtered Ti films to serve as a
bottom electrode. Top Ti-electrodes were
deposited through a shadow mask with a
circular aperture with a diameter of 1 mm.
Before every deposition 10 min Ar ion
sputtering at 1 kV was carried out. The
structures were not annealed.

The measurements of the I-V
characteristics were carried out at room
temperature in the dark. The I-V
characteristic is nearly symmetrical for the
negative and positive applied voltages. For
small voltages this characteristic is almost
linear, while for high voltages it is highly
nonlinear and can be fit well to the
Fowler-Northeim plot. Our reasonable
explanation of this behavior is tunnelling —
direct tunneling at small voltages, which is
going to Fowler-Northeim tunnelling with
increasing voltage.

Based on our experiment, a model of
the DLC film was suggested for
explanation of the small electrical
conductivity of amorphous hydrogenated
carbon. In this model tunneling is happens
between nanometer size graphitic clusters
inside the film. The film contains many
conduction channels in parallel, which
allows the passage of electrons from the
bottom to the surface contact. Each
channel is represented by a one-
dimensional array of tunnel junctions.

In some cases step-like structures,
known as Coulomb staircases, were
observed in the I-V characteristic. The
observation of step-like structures is
additional support of our explanation of
these results by Coulomb blockade
phenomenon.  Similar  current-voltage
characteristics observed in electron
emission from diamond like carbon films

can be also explained by Coulomb
blockade. This observation could be a
strong support for the cluster model of
diamond-like carbon.
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1. Nanotechnology and nanoelectronics

The development of these two key
scientific  and  technological fields
demonstrated that, besides studying the
physical basis of active and passive nano-
dimensioned elements, one needs to
explore in detail the technological
processes of fabrication of nano-
components and nano-systems. The critical
dimension  of the  nano-electronic
components is bellow 100 nm; thus,
electron and ion lithography and ion
(plasma) etching are only applicable.
Based on a computer model for simulation
of the processes of exposure and
development of nano-dimensional
structures  during electron and ion
lithography, developed earlier in the
laboratory, we created a computer model
for simulation of the processes of exposure
and development of chemically amplified
resists (CARs).

These resists have served as the
workhorse resist platform for the
semiconductor industry due to their
sensitivity and high resolution. Nanometer
scale device fabrication rules require tight
control of the developed resist profile. The
computer simulation of images in positive
tone CARs requires a set of values of
material properties, molecular structure
and concentrations, energy dissipation and
acid generation models, reaction constants
for diffusion and catalytic deprotection, as

well as the parameters of the processes of
developer penetration, polymer molecules
dissolution and removing, etc. The models
proposed so far are too complicated and
need a large amount of available empirical
data.

We proposed a simplified model based
on the experimentally obtained time-
dependent macroscopic characteristics of
the development (contrast curves, the
development rate vs. the exposure dose)
that are wusually wused for process
calibration. The resist surface macro-
modification is  presented as a
mathematical motion in various resist
volumes where the resist dissolution
mechanism is identical. Each evolving
point on the developing profile advances
along the normal to 1it, with the
corresponding  local  solubility rate
calculated wusing a  time-dependent
calculation scheme and multi-ciphered
experimental  dependencies  of  the
solubility rate on the exposure dose.

High dissolution rates in the zones
where higher exposure doses are applied
lead to creating a central region of the
exposed structure with rapid removal of
the resist. The profile fragment generated
has nearly vertical walls and bottom,
which come very quickly to the interface
resist/Si. The resist profile is then extended
to the periphery of the structure, with the
necessary delay times at the boundary of
the  different zones. During the
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development process, the line edge
roughness changes in various phases.

2. Development of technologies and
production of pure metals by electron
beam melting and refining in vacuum

A new Engineering Support System
(ESS) for electron beam melting and
refining (EBMR) was developed. It is an
information system that supports the
analysis, design, implementation and
operation of an enterprise and its elements,
based on knowledge, defined principles
and recommended practices. The main aim
of the ESS for EBMR plants is to integrate
and organize the knowledge for the EBMR
processes and plants and to use this
knowledge to improve the modeling,
optimization and control capabilities, their
efficiency, adaptability, flexibility and
re-configurability. The ESS architecture is
developed by the assistance of the
standardized reference architecture
framework GERAM, which provides a
generalized framework for describing the
components needed in all types of
enterprise engineering and integration
processes. The particular architecture of
the ESS is open, and gives the possibility
for extensions and improvement of the
system. In order to ensure the modeling of
the closed loop behavior of the system, the
Unified Modeling Language (UML)
profile for system engineering SysML is
used. The basic UML use-cases of the
EBMR plant ESS under development are:
Data Collection and Acquisition (DCA),
Information  Analysis (IA), Decision
Support System (DSS) and System
Management (SM). There are subsystems
considering the diffusion and the liquid
metal evaporation, the heat flows,
temperature  distribution and thermal
processes during the irradiation of metals
with powerful electron beams. On the
basis of thermodynamic analysis and
experimentally obtained data for the
kinetics of the refinement of impurities,
numerous optimization tasks are solved

(by the IA subsystem). The SM subsystem
involves the definition of requirements and
parametric constraints. The requirements
for the control subsystem are formulated
by the DSS, implementing the results from
the DCA, IA and SM subsystems in order
to provide the decision makers, the
operators and managers with key
information that enables them to make
more efficient and consistent decisions.
An original statistical approach
(multi-response robust engineering
approach) was also developed in our
laboratory for the investigation of the
kinetics of refinement and removal of
unacceptable impurities, which attracted
the attention of leading world companies
that apply the electron beam melting
technique.  Moreover, studies were
performed on the quantities of refractory
and reactive metal wastes available in the
country and on the market of recycled
materials. The quantities of the wastes
containing refractory and reactive metals
and their alloys were determined, together
with the economic efficiency and the
ecological effect of recycling these wastes.

3. Electron optical systems of gyrotrons

A preliminary study was performed
aimed at formulating a 3D model for
simulation of the magnetron injection guns
for gyrotrons. Adequate self-consistent
physical  models  implemented in
simulation codes are needed for computer-
aided design, analysis and optimization of
the electron optical systems of gyrotrons.
A review of the literature on the emission
models, i.e. the relations that govern the
value of the beam current extracted from
the emitter and the velocity spread was
presented. It 1is believed that the
information summarized will be helpful
for the development of novel modules for
calculation of the 1initial electron
distribution in the available and novel
simulation tools.

The potential of the gyrotrons for
development of the sub-terahertz and
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terahertz frequency range was analyzed
and discussed. The high frequency sources
and their limitations, as well as the
possible applications were listed. The
region of the electromagnetic spectrum
between the microwaves and optical-far-
infrared waves is known as the terahertz
power gap. Due to the small energy of
photons (1 THz = 0,41 meV) this radiation
is non-ionizing, but penetrate a wide
variety of non-polar dielectric materials
with a moderate attenuation, while not
penetrating metals and water. This makes
THz radiation a perfect probe for non-
invasive and non-destructive inspection
using various spectroscopic and imaging
techniques. This radiation travels linearly,
can be focused and steered easily. Due to
rotational and vibrational transitions,
numerous organic molecules exhibit strong
absorption and dispersion. These waves
fall in a spectral range characterizing the
behavior of many subatomic systems
(e.g. electron spin systems). This makes
the THz waves suitable for development of
electron spin resonance (ESR) and nuclear
magnetic resonance (NMR) equipment.
For example, the ESR spectrometers
utilizing THz radiation have demonstrated
advantages in the study of magnetic
properties of materials using single pulse
measurements. The NMR is applicable to
studying the complex bio-molecules (e.g.
proteins). It is expectated that gyrotrons
will be used as radiation sources in further
generations of NMR analytical tools due to
high-power microwaves produced within
an appropriate frequency range.

Fusion research is probably the most
widely known field where gyrotrons have
demonstrated their capabilities. Recently,
gyrotrons  developed  for  heating
magnetically confined plasmas have
reached output power levels exceeding
1,0 MW in long pulse operation. For the
next generation of fusion reactors,
gyrotrons capable of  generating
2 MW/CW and even higher power are
being developed now.

At the microwave end of the GHz
range, the most important fields of
technological application are sintering of
ceramics, modification of thin films,
welding and coating. Rapid heating and
dense heat flux are obtained with
gyrotrons generating 10-30 kW at 28 GHz.
The gyrotron beams are efficient tools for
annealing of dielectric materials, ultra-
short heat treatment of semiconductor
materials, solar cells, glass etc. Ultra-rapid
curing, laminating and drying are possible
in many cases.

THz radiation has potential for
imaging, which vane used in radars and
telecommunications, as well as in the
medical practice.

In 2008, a Japanese patent for a new
type of resonator for a frequency tunable
gyrotron was obtained (applied for during
20006).

4. Electron beam and orbital electric arc
welding

Steel tubes of various sizes were
welded by electric arc with tungsten
electrode and second-order regression
models were developed of the geometry
parameters of the weld and process
parameters. Design, fabrication and tests
of orbital electric arc welding machine
were carried out in cooperation with a
team at the “GMK” Ltd. company.

In addition, a manipulator for electron
beam welding with computer motion
control was also designed, fabricated and
tested.

The results concerning the beam
quality characterization and the statistical
analysis application to electron beam
welding were published.

The models developed of electron
beam welding and of orbital electric arc
welding could be used for predicting the
process development in computer expert
systems and in automated control systems.

The features were clarified of electron
beam welding in the case of using
additional material in the welding pool and
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a methodology for selecting the welding
wire diameter in such cases was
developed.

Data on electron beam welding of
nuclear reactor steels (18MNDS5 and
I5X2HM®A) were collected and a
reconstitution technology for electron
beam welding of samples for mechanical
Charpy test specimens was proposed. The
length of the irradiated sample was
10 mm; no defects were observed in the
weld and in the heat affected zone.

Regeneration was performed of Pt pots
for crystal growth installations using
electron beam welding of leaks and
defective components.

5. Thin film deposition

High temperature superconducting thin
films (YBCO) of 100 nm thickness were
deposited on LaAlOs; substrates using
magnetron sputtering. The influence was
studied of thermal baking of the structures
at 530°C in oxygen ambient (200 and 500
Torr pressure) on the electrical parameters
and structure. At oxygen pressure of
500 Torr, the critical current density
increases from 1.01 to 1.38 MA/cm®. The
critical temperature rises from 89 to
89.2 K and the width of the temperature
transition decreases from 2 to 1.2 K. The
XRD spectrum shows a decrease of the
crystalline structure c-parameter from
1.172 to 1.170 nm, which points to an
increase of the oxygen content from
6,67 to 6,84.

PUBLICATIONS:

1. Vutova K, Mladenov G,
Computer simulation of micro- and
nano- structures at electron and ion
lithography,
J Optoelectr Adv Mater
2008;10/1:91-7.

2. Vutova K, Koleva E, Mladenov G,
Kostic I, Tanaka T, Kawabata K,
A simulation model for chemically
amplified resist CAMP6,
Microelectr Eng
2008;d0i:10.1016/j.mee.2008.11.010.

Beshkova M, Blagoev B, Kovacheva D,
Mladenov G, Nurgaliev T,
Deposition and characterization of
high temperature superconductor
YBa,Cu3075 films obtained by DC
magnetron sputtering and
modification by thermal annealing,

J Phys: Conf Series 2008:113:012021.
Petrov P,

Advanced welding processes for
reconstitution  of  Charpy  test
specimens,

Welding in the World 2008;52:365-70.
Sabchevski S, Idehara T,

Resonant cavities for frequency
tunable gyrotrons,

Int J Infrared and Millimeter Waves
2008;29:1-22.

Sabchevski S, Illy S, Piosczyk B,
Borie E, Zhelyazkov I,

Towards the formulation of a realistic
3D model for simulation of
magnetron  injection guns  for
gyrotrons (a preliminary study),
Wissenschaftliche Berichte
2008;FZKA7409:1-34.

Idehara T, Saito T, Ogawa I, Mitsudo S,
Tatematsu Y, Sabchevski S,

The potential of the gyrotrons for
development of the sub-terahertz and
the terahertz frequency range — A
review of novel and prospective
applications,

Thin Solid Films
2008;d0i:10.1016/j.ts£.2008.09.061.
Koleva E, Mladenov G,

Evaluation of the electron beam
quality,

Proc 1* Int Conf Technol and
Equipment Electron Beam Welding,
pp 99-109, May 2008, St. Petersburg,
Russia.

Koleva E, Mladenov G,
Statistical-mathematical approach at
electron beam welding of steels,

Proc 1% Int Conf Technol and
Equipment Electron Beam Welding,
pp 40-9, May 2008, St. Petersburg,
Russia.
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10. Petrov P,
Laser beam induced surface alloying
of aluminum with niobium,
J Phys: Conf Series 2008:113:012048.
11. Sabchevski S, Idehara T, Saito T,
Ogawa I, Mitsudo S, Tatematsu Y,
La Agusu,
Numerical investigations of the
gyrotron FU and gyrotron FU CW series,
Proc Mini Symp Infrared Sci Technol
- Satellite Meeting of ISMASM2008,
pp 31-6, May 2008, Osaka Sangyo
Univ, Japan.

PATENT:

Idehara T, Sabchevski S,

Gyrotron device,

Japanese Patent JP2008130292(A),
Publication date 2008-06-05.

ONGOING RESEARCH PROJECTS:
Financed by the National Science Fund

I. BIn-2 Electron beam melting and
refining of refractory metals and
alloys.

2. BIn-3 Power electron beam equipment
for melting and refining of metals and
alloys in vacuum.

3. F-1505/05 Electron beam welding of
metals with various properties.

4. MUF-1508/05 Synthesis and
modification of YBCO films for IR
Sensors.

5. VUl 307 Integrated information
medium for modeling and control of
the process of electron beam melting
and refining of metals.

6. C 102/06 High-technology sub-micron
electron beam lithography.

Financed by the National Innovation Fund

1. Electron-beam and orbital electric arc
welding under multifunctional
microprocessor control.

2. Regeneration of refractive and reactive
metals by electron beam melting.

Financed by other organizations
Regeneration of crystallization pots.
COLLABORATIONS:

EU, NATO and other international
organizations projects

1. Numerical investigations of selected
problems  associated  with  the
development of powerful gyrotrons for
fusion research, Contract No 801505
(FU6) in the framework of the
Euratom Key Action Controlled
Thermo-Nuclear Fusion.

2. High power electron beam equipment
for EBMR; characterization of intense
electron beam, inn the framework
of  the Indo-Bulgarian  Inter-
Governmental Cooperation.

3. Development of numerical codes to
describe the behavior of high power
gyrotrons, Task P3, Research Program
Association EURATOM-INRNE,
Sofia, Bulgaria.

Collaboration = with  other  foreign
institutions

1. High-technology sub-micron electron
beam lithography,

Institute of Informatics, Slovak
Academy of Sciences.

2. Study of refining kinetics and thermal
processes during electron beam
melting of Ta and executing series of
experiments,

American Branch of H.C. Starck Inc.,
Newark (Ma), USA.

3. Computer simulation of the processes
of electron, ion and X ray irradiation
of electron materials,

Hiroshima Institute of Technology,
Hiroshima, Japan.
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LECTURE COURSES:

1.

Electron and ion technology - for
master degree in Microelectronic
Technology at the Faculty of
Electronics Engineering, Technical
University; Sofia, Bulgaria.

Applied Statistics (in English) - for
master degree in Materials science and
engineering, in  Chemical and
Metallurgy Technology University,
Sofia, Bulgaria.

Industrial management - for master

degree in Quality control and
improvement, in Chemical and
Metallurgy Technology University,

Sofia, Bulgaria.

LABORATORY FELLOWS VISITS:

1.

G. Mladenov,

1 FONE Conf Nanoectronics 2008,
June-July 2008, Taormina, Italy.

1 Int Conf Technol and Equipment
Electron Beam Welding, May 2008,
St. Petersburg, Russia.

S. Sabchevski,

University of Fukui, Fukui, Japan.

K. Vutova, E. Koleva,

Int Conf Micro- and Nano-
engineering, Sept 2008, Athens,
Greece.

E. Koleva,

USA Branch of H.C. Starck Inc.,
Newark, (Ma) USA Oct 2008.

Int Conf E-beams 2008, Oct 2008,
Reno, Nevada, USA.

G .Mladenov, K. Vutova, E. Koleva,
Institute of Informatics, Slovak
Academy of Sciences.

P. Petrov,

61 Annual Assembly of the Int
Institute of Welding, July 2008, Gratz,
Austria.

17* Int Symp Gas Flow and Chem
Lasers & High Power Lasers,
Sept 2008, Lisboa, Portugal.

M. Beshkova,

Dept of Phys, Chem and Biology,
Linképing  University, Linkoping,
Sweden (since Jan 2008 for 22 months).

VISITS OF FOREIGN SCIENTISTS:

1.

Prof. Takeshi
Technology
16-20 June 2008.
Dr. P. Jepson, USA Branch of H.C.
Starck Inc., Newark, (Ma) USA,
24-25 Sept 2008.

Prof. Bernard F. Lamond, Department
of Operation and Decision Systems,
Laval University, Quebec city,
Canada, 21-28 Sept 2008.

Hiroshima
Japan,

Tanaka,
Institute,
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LABORATORY

SUPERCONDUCTIVITY AND CRYOELECTRONICS

HEAD: Assoc. Prof. T. Nurgaliev, Ph.D.

TOTAL STAFF: 8
RESEARCH SCIENTIST: 6
Assoc. Prof. T.C. Nurgaliev, Ph.D.; Assoc. Prof. E.S. Mateev, Ph.D.; S.I. Miteva, Ph.D.;

L.I. Neshkov; B.S. Blagoev; R.V. Todorovska.

RESEARCH ACTIVITIES:

In 2008, the research activity of the
laboratory has been focused on the
following three fields:

- growing of epitaxial submicron
layers and heterostructures of conventional
and new promising oxide materials, such
as high temperature superconductors
(HTS) and ferromagnetics (FM);

- modeling and experimental
investigation of the physical characteristics
of these submicron layered structures at
low and microwave frequencies.

- development of different
experimental configurations of practical
interest based on these heterostructures.

The laboratory’s fields of activity
correspond to the priority of the National
Scientific Program “Nanotechnology and
new materials”.

1. Microwave characteristics modeling
of FM/HTS structures.

Formulas were obtained and analyzed
describing the MW surface impedance and
the absorption, transmission and reflection
coefficients of a tangentially magnetized
double-layer heterostructure consisting of
an HTS YBa,Cu;O; (YBCO) and an FM
Lay7Sr03MnO; (LSMO) thin films with
respect to linear polarized planar
transverse electromagnetic waves incident
perpendicularly to the FM film surface.
The parameters listed above of such a
structure are characterized by features
arising from the superconducting transition

and the ferromagnetic resonance (FMR).
The MW losses caused by the conductivity
of the FM film decrease drastically in
double-layer =~ FM/HTS  structures at
temperatures 7 lower the critical one T¢. In
this case the losses due to the FMR
become dominant and the surface
impedance behavior caused by the FMR
(for example, the structure’s surface
resistance dependence on the external
magnetic field strength) can be clearly
observed in FM/HTS structures. The
above results are important in
understanding the microwave response of
FM/HTS heterostructures in view of using
them in sensor-like devices.

2. Study of the magnetic resonances in
LSMO films.

Thin LSMO films were prepared on
LaAlO; (LAO) substrates by RF
magnetron sputtering and their EPR and
FMR absorption spectra were studied. The
nontrivial behavior of the resonance
spectrum observed in some samples at
temperatures slightly less than the Curie
temperature was interpreted as due to the
simultaneous existence of microdomains
with paramagnetic and ferromagnetic
states of the electron system.

3. Cobaltite/PZT heterostructures.

Heterostructures  containing  semi-
conducting cobaltite NdBa;C0,05.4
mBCO), a ferroelectric PbZI‘o.544Ti0.4603
(PZT) and a conducting manganite
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Lag 7Sro3MnO;3; (LSMO) are promising for
application in field-effect transistor-like
structures where the LSMO films can
serve as electrodes. In collaboration with
the Institute of Solid State Physics, BAS,
technologies were developed for growing
NBCO thin films on SrLaAlO4 (001) u
PZT/SrLaAlO4 (001) substrates and for
growing PZT films on LSMO/LaAlOs
substrates. The thin-film structures thus
obtained manifest physical characteristics
similar to those of the corresponding bulk
materials and could be used in device
application experiments following further
optimization of the technology.

4. Magnetization and domain structure
of manganite/HTS structures.

The magnetization process and the
domain structure of double layer
manganite/HTS structures consisting of
HTS YBCO and manganite
Lag7Cap3MnOs; (LCMO) or LSMO thin
films grown on LaAlO; (LAO) substrates
in IE BAS were investigated by magneto-
optical methods in collaboration with the
Institute of Solid State Physics of the
Russian Academy of Sciences
(Chernogolovka, Moscow). The results
demonstrate the possibilities for existence
of at least three types of domain structures
depending on temperature, on the applied
external magnetic field intensity and on
the sample prehistory, namely, an irregular
domain structure (with out-of-plane
magnetization of domains), a strip domain
structure (induced by the twin boundaries
in the substrate), and a structure with
zigzag-like domain boundaries. The HTS
layer contributes to an increase of the
domain walls thickness containing a
perpendicular (to the film surface)
component of the magnetization due to the
effect of magnetic field repulsion by the
HTS component. In the twinned areas of a
sample, the entrance of the magnetic flux
in the sample occurs along the twin
boundaries in the form of chains of
magnetic vortices.

5. A model of a dielectric resonator rig.

A model of a dielectric resonator rig
used for measurement of the surface
resistance Rs of samples of non-standard
dimensions was considered and analyzed.
It was shown that using the geometry
factor Gy in  surface  resistance
measurements is justified when the
inductive resistance X.,, (caused mainly by
the external inductance) of the sample
exceeds significantly its active resistance
Rg in the MW frequency range. In this case
Gy depends only on the sample geometry
and position. If both resistances are of the
same order of magnitude Rs~X,y, then no
simple dependence exists between Rs and
the quality factor Qg of the sample and the
accuracy of the Rg measurements is
worsening. It was shown also that an
anomaly in the Rg vs T dependence (i.c. a
decrease of Rg as T is increased) can be
observed in the superconductor/metal
double-layers at low temperatures if the
metal resistivity depends strongly on the
temperature.

PUBLICATIONS:

1.  Nurgaliev T,

Modeling of the microwave
characteristics of layered
superconductor/ferromagnetic
structures,

Physica C 2008:468:912-9, ISSN: 09214534.
2. Nurgaliev T,

Numerical investigation of the

surface impedance of ferromagnetic

manganite thin films,

JMMM 2008;320:304-11, ISSN: 0304-8853.
3.  Nurgaliev T,

Modeling of the surface impedance

of conductive ferromagnetic films on

different substrates,

Acta Physica Polonica A

2008;113:187-90, ISSN: 0587-4246.
4.  Nurgaliev T, Demidov V, Petrzhik A,

Ovsyannikov G, Miteva S, Blagoev B,

Microwave losses in ferromagnetic

thin LSMO films,

J Optoelectr Adv Mater 2008;10:273-6.
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5. Blagoev B, Mozhaev P B, Nurgaliev T, ONGOING RESEARCH PROJECTS:
Sardela M, Donchev T,

Quality of YBCO films grown on ) . .

LAO substrates exposed to the film Financed by the National Science Fund
deposition-film removal processes,

J Phys: Conf Series 2003;113:012027, 1. F1503/05 Characteristics and
ISSN: 1742-6596. application possibilities in spinotronics

6. Beshkova M, Blagoev‘ B, Kovacheva D, of sandwiches of HTS and magnetic
Mladenov G, Nurgaliev T, des (2 5
Deposition and characterization of oxides (2005-2008). ‘
hlgh temperature superconducting 2. VUXO05/05 Photoluminescent
YBa,;Cu3075 films obtained by DC properties of thin films prepared by
magn?:ron sgpftterl}lg and  thermal incorporation of metal complexes into
annealing modification, Vel . )

J Phys: Conf Series 2003;113:012021, S102-sol-gel matrix (2005-2008).
ISSN: 1742-6596. 3. TN-1316 Nanocomposite materials for

7. Uspenskaya L S, Nurgaliev T, polymer optics (2005-2008).

Blagoev B, Donchev T, Miteva S, 4. MUF-08/05 Synthesis, modification
Features of magnetization reversal in and characterization of YBCO films
LCMO/YBCO heterostructures,

Bulletin of the Russian Acad Sci: Phys for ‘IR detectors (2005-2098)'
2008;72/4:540-542. 5. Project No 157 Experimental and

8. Genchev Z D, Nedelchev N M, theoretical investigations of cylindrical
Mateev E, . and coaxial microwave discharges
Analitycal approach to the prism from low to atmospheric pressures
coupling problem in the 2008-2010
Kretschmann configuration, ( ) )-

Plasmonics 2008;3:21-6, ISSN: 1557-1955.

9. Uzunova-Bunova M, Todorovska R, Financed by NATO Science for Peace
Dimitrov D, TOdOI‘OVSky D, Program
Lanthanide-doped titanium dioxide
layers as photocatalysts, . .
Appl Sur Sci 2008:254:7296-7302, SfP977986 Fabrication and prope'rtles of
ISSN: 0169-4332. porous electro and photo-catalytic films

10. Uspenskaya L S, Egorov S, Nurgaliev T, (continued, 2007-2011).

Remagnatization kinetics of F/S

heterostructures, . COLLABORATIONS:
Nanophysics and Nanoelectronics

2008;1:49-52 (in Russian).

11. Vlakhov E, Neshkov L, Nurgaliev T, 1. Investigation of electrical and
Mateev E, Marinov Y, Lakov L, microwave effects due to the
I&)ncheva K, o depositt ; interfaces  in  cuprate/manganite

agnetron sputtering deposition o
NdBaC0,0s. thin films, heterostructures, e
Nanoscience &  Nanotechnology Institute of Electrical Engm?erlng,
2008;8:1414, Eds Balabanova E, Slovak ~ Academy of  Sciences,
Dragieva I, Marin Drinov Academic Bratislava, Slovak Republic.
Publishing House, Sofia, Bulgaria. 2. Preparation of Ta,Os layers for needs
12. Nurgaliev T,

A model of dielectric resonators in
surface impedance measurements,

Proc Nat Conf Electronika 2008,
pp 324-9, May 2008, Sofia, Bulgaria.

of medicine and biology (2008-2010),

Institute of Surface Engeneering,
Ukraine Academy of Sciences,
Ukraina.
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CONFERENCES: LABORATORY VISITS:
1. Beshkova M, Blagoev B, Kovacheva D, Miteva S,

Mladenov G, Nurgaliev T,

Effect of thermal annealing on the
properties of the YBCO films grown
by DC magnetron sputtering,

15™ Int School on Condensed Matter
Phys, Aug-Sept 2008, Varna, Bulgaria.
Nurgaliev T,

A model of dielectric resonators in
surface impedance measurements,

Nat Conf Electronika 2008, May 2008,
Sofia, Bulgaria.

Nurgaliev T, Mateev E, Miteva S,
Blagoev B, Strbik V, Uspenskaya L S,
Benacka S, Chromik,

YBCO and LSMO nano-films and
three-layer structures,

9th Workshop Nanosci&Nanotechnol,
Nov 2008, Sofia, Bulgaria.

Institute of Electrical Engineering, SAS,
Bratislava, Slovak Republic, Sept 2008.

GUESTS:
Dr. Strbik V,

Institute of Electrical Engineering, SAS,
Bratislava, Slovak Republic -5 days.
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LABORATORY

GAS LASERS AND LASER TECHNOLOGIES

HEAD: Prof. P.A. Atanasov, Dr.Sc., Corresponding Member of BAS

TOTAL STAFF: 14
RESEARCH SCIENTISTS: 12
Assoc. Prof. N.N. Nedialkov, Ph.D.; M.E. Koleva, Ph.D.; A.Og. Dikovska, Ph.D.;
A.S. Nikolov, Ph.D.; St.D. Donchev, Ph.D.; T.R. Stoyanchov; S.E. Imamova; E.L. Pavlov;
1.G. Dimitrov; N.E. Stankova; D.R. Milev; Ts.G. Naidenova.

RESEARCH ACTIVITES:
1. Pulsed laser deposition of thin films

1.1. Rare-earth doped active thin films

Erbium, and erbium and ytterbium co-
doped YVO; waveguiding films were
deposited on MgO/Si substrates by PLD.
The samples were post-annealed at two
different temperatures in air atmosphere.
The influence on the crystalline structure
and waveguiding properties of the films at
these annealing temperatures for two
dopant concentrations was investigated.
The layers annealed up to 900 °C are
polycrystalline. The dominant fraction of
YVO, crystallites exhibit preferred
orientation along the (001) zone axis
parallel to the substrate surface. The
polycrystalline samples show difference in
the refractive indexes An (An = ntg - nv)
for the TE and TM polarizations.

1.2. Thin semiconductor metal oxide films
for gas sensors

Highly textured pure and Al doped
ZnO thin films were produced by pulsed
laser deposition in view of optical gas
sensor applications. The influence of the
processing parameters, such as substrate
temperature and oxygen pressure applied
during depositions, as well as dopant
concentration on the structural,
morphological, and optical properties of
the films were investigated. All deposited
films are textured along the (002)
direction. The substrate temperature and

the oxygen pressure have stronger
influence on the film crystallinity
compared to the presence of the dopants.
The grain size of the films prepared from
2wt% ALOs doped ZnO target is
approximately the same as the one
produced from pure ZnO tagret. Increasing
the dopant concentration in the ZnO target
(to 5 wt% Al,O3) leads to an increase of
the in-plane grain size of the as-deposited
films, which is well known to increase the
gas sensitivity. At the same time, the use
of doped targets increases the size of the
droplets on the film surface, which
worsens the optical sensing effect. The
increase of the dopant concentration
reduces the film transmission in the visible
range and the transmission cut-off edge is
shifted to the shorter wavelengths. The
films deposited from the 2 wt% AlLO;
doped ZnO target at oxygen pressure of
0.05 mbar and 300 °C substrate
temperature have good mode properties
which makes them good candidates for
optical sensors.

Refractometric sensor elements were
studied consisting of a side-polished
single-mode optical fibre covered by a
pulsed-laser deposited ZnO thin film. A
measurement scheme was used for in situ
control of the film thickness during the
deposition process. Highly sensitive
sensors were produced based on the
interaction with the zero- and first-order
modes of the ZnO planar waveguide. The
sensors’ applicability was demonstrated to
the two spectral regions for
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communications, namely 800-1000 nm
and 1300-1600 nm. A high sensitivity of
the order of 3000—6700 nm per refractive
index unit change was obtained for sensor
elements utilizing the interaction of the
fibre mode with the TEO or TMO mode of
the ZnO thin-film waveguide.

The evolution of the crystal and the
microstructural and optical properties of
pulsed-laser deposited TiO, films were
investigated by X-ray diffraction, atomic
force microscopy, scanning electron
microscopy, optical transmittance and m-
line spectroscopy. The samples were
grown on (001) SiO, substrates at
temperatures from 250 to 600 °C and
oxygen pressures from 1 to 15 Pa.
Crystalline films consisting of single
anatase or anatase and rutile phases were
obtained at temperatures higher than
400°C. A tendency toward columnar-like
growth morphology was observed in the
samples. Strong dependence of the optical
properties on the surface roughness and
the microstructure was determined. All
films revealed single-mode waveguiding
and optically anisotropic properties.

2. Interaction of ultrashort pulsed laser
radiation with matter

Theoretical analysis and experimental
characterization were carried out of
femtosecond (fs) laser ablation of a nickel
target in vacuum in view of generation of
nanoparticles. The fs laser pulse/metal
interaction and the following excited
material ~ relaxation  were studied
theoretically by means of molecular
dynamics simulations. The experimental
study was carried out by using laser pulses
of =300 fs duration at two different laser
wavelengths: in the visible (A = 527 nm)
and ultraviolet (A = 263 nm), respectively.

3. Nanotechnologies
3.1. Nanostructuring

The near-field properties of a single
gold nanoparticle embedded in a

transparent host medium were investigated
theoretically. The analysis of the
electromagnetic field in the near-field zone
is obtained by using the finite difference
time domain (FDTD)  simulation
technique. The nanoscale system consists
of a transparent layer on top of a substrate
with a gold particle (diameter of 200 or 80
nm) embedded in the transparent layer. A
laser pulse with a wavelength of 800 nm
impinges normally on this system. It is
found that the field in the vicinity of the
particle is enhanced, and at a certain
condition the zone with the highest
enhancement is localized on the substrate
surface. Furthermore, the near field
characteristics are found to be controllable
by the dielectric properties of the host
material, substrate, parameters of the
incident radiation and particle size. As the
refractive index of the host medium is
increased, both the magnitude of the near
field on the substrate and the characteristic
size of the field enhanced zone decrease.
The influence of the particle size and
polarization of the incident laser radiation
on the near-field properties of the system
are also presented. The configuration
proposed can be applied to multiple
nanoprocessing and to forming an
integrated near-field source with a spatial
resolution of D/3.

3.2. Plasmonics

Zn0O nanorod arrays were grown on Si
(100) substrates by PLD and then coated
with Au. Samples of Au-coated nanorod
arrays with average diameters of 150 and
400 nm were prepared to investigate the
size dependence of the surface enhanced
Raman scattering (SERS). The diameter of
the nanorods was controlled by the
substrate position during PLD. High SERS
enhancement was observed from both Au-
coated ZnO nanorod arrays. The Raman
spectra of rhodamine 6G (R6G) as low as
1 nM were measured with the Au-coated
nanorod arrays with an average diameter
of 400 nm with excitation wavelength of
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532 nm. The SERS spectra are explained
by the field enhancement effect induced by
surface plasmon polaritons of Au-coated
nanorods (nanoshells).

3.3. Generation of nanoparticles

The formation of nanoparticles during
ultrashort laser-pulse ablation of gold in
vacuum was investigated theoretically.
The analyses of the nanoparticle formation
mechanisms and their initial evolution
were performed on the basis of molecular
dynamics (MD) simulation. The study was
carried out for the case of a Au target
irradiated by laser pulses of 100 fs
duration and wavelengths of 800 nm. The
evolution of the ablation process was
monitored for a time interval of few
hundreds of picoseconds. The size
distribution of the nanoparticles and their
velocity distribution were obtained as a
function of the laser fluence. The results
indicate that the nanoparticles are formed
in the stage of superheated material
decomposition, with phase explosion and
fragmentation being the main mechanisms
leading to their formation. The results for
the velocity and size distributions were
compared to the available experimental
ones and good agreement was observed.

Nanoparticles (NPs) creation by
pulsed-laser ablation of targets in a liquid
environment has recently become a
promising technique having several
advantages, such as simplicity and low
cost. This technique was employed for
preparation of TiOx NPs suspension by
ablation of metal Ti targets in twice-
distilled water. A second-harmonic pulsed
Nd:YAG laser was wused in the
experiments. Preferential formation of
spherical NPs and their TiOx nature were
established. Aggregation was observed of
the formed particles during aging. It was
revealed that the NPs’ structure undergoes
a transition from amorphous to crystalline
phase as the laser energy is increased. A
difference was determined in the
transmittance of the suspensions obtained
depending on the laser intensity.

PUBLICATIONS:

1. Atanasov P A, Nedialkov N N,
Amoruso S, Bruzzese R, Wang X,
Ultrashort laser ablation of nickel in
vacuum: material relaxation and
nanoparticles generation,

C R Acad Bulg Sci 2008;61/7,863-70.

2. Andreev A Tz, Zafirova B S,
Karakoleva E 1, Dikovska A O,
Atanasov P A,

Highly sensitive refractometers based
on a side-polished single-mode fibre
coupled with a metal oxide thin-film
planar waveguide,

J Opt A: Pure Appl Opt
2008;10:035303.

3. Dimitrov 1 G, Dikovska A Og,
Atanasov P A, Stoyanchov T R,
Vasilev T,

Al doped ZnO thin films for gas
sensor application,
J Phys: Conf Ser 2008;113:012044.

4. Obara M, Sakano T, Sakai T, Nugroho H,
Miyanishi T, Tanaka Y, Saiki T,
Nedyalkov N N, Atanasov P A,
Nanostructure processing by near-field
with femtosecond laser excitation:
process  switching and  SERS
application,

Proc SPIE 2008;7027:702703.

5. Nedyalkov N N, Imamova S E,
Atanasov P A, Obara M,

Formation and initial evolution of
nanoparticles at ultrashort laser
ablation of gold: molecular dynamics
simulation,

Proc SPIE 2008;7027:702709.

6. Atanasov P A, Nedialkov N N,
Generation and evolution of metal
nanoparticles during ultrashort laser
ablation and plasmon excitation of
gold nanoparticles,

Novosti BAS 2008;5/57:3-4, ISSN
1312-2436.
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http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Nedyalkov%2C+Nikolay+N.&possible1zone=author&maxdisp=25&smode=strresults&&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Atanasov%2C+Petar+A.&possible1zone=author&maxdisp=25&smode=strresults&&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Nedyalkov%2C+N.+N.&possible1zone=author&maxdisp=25&smode=strresults&&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Imamova%2C+S.&possible1zone=author&maxdisp=25&smode=strresults&&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Atanasov%2C+P.+A.&possible1zone=author&maxdisp=25&smode=strresults&&aqs=true
http://spiedl.aip.org/vsearch/servlet/VerityServlet?KEY=SPIEDL&possible1=Obara%2C+M.&possible1zone=author&maxdisp=25&smode=strresults&&aqs=true
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ONGOING RESEARCH PROJECTS:
Financed by the National Science Fund

F-1512/05 Production and
investigation of thin films for optical gas
Sensors.

MUF-02/05 Active planar
waveguides.

MUF-07/05 Formation and evolution
of nanoparticles produced during laser
ablation by ultrashort lase pulses.

COLLABORATIONS:

Femtosecond laser processing and
novel methods for nanofabrication,
Department of Electronics and Electrical
Engineering, Keio University, Yokohama,
Japan.

Pulsed laser deposition of thin oxide
films,

Institute of Lasers, Plasma and Radiation
Physics, Romanian Academy of Sciences,
Bucharest, Romania.

Pulsed laser deposition of planar
waveguides,

Institute of Physics, Czech Academy of
Sciences, Prague, Czech Republic.

Interaction of intense laser radiation
with matter and laser technologies,
Institute of Fluid-Flow Machines, Polish
Academy of Sciences, Gdansk, Poland.

LECTURE COURSES:

Prof. Dr. P. A. Atanasov,

Laser deposition and structuring of thin
films, PhD course, 20 hours.

Prof. Dr. P. A. Atanasov,
Nanoparticles generation by laser ablation
of metals in vacuum or water,

4 hours, Keio University, Yokohama and
Kyoto University, Kyoto, Japan.

Prof. Dr. P.A. Atanasov,

Active and passive optical films produced
by PLD, 2 hours, Keio University,
Yokohama, Japan.

GUESTS:

Prof. Dr. I. Mihailescu,
Institute of Lasers, Plasma and Radiation
Physics, Romanian Academy of Sciences,
Bucharest, Romania, 2 weeks, work on the
common project “Pulsed laser deposition
of thin oxide films”.

Dr. C. Ristoscu,
Institute of Lasers, Plasma and Radiation
Physics, Romanian Academy of Sciences,
Bucharest, Romania, 2 week, work on the
common project “Pulsed laser deposition
of thin oxide films”.

Mr. F. Sima,
Institute of Lasers, Plasma and Radiation
Physics, Romanian Academy of Sciences,
Bucharest, Romania, 2 week, work on the
common project “Pulsed laser deposition
of thin oxide films”.

Dr. G. Socol,
Institute of Lasers, Plasma and Radiation
Physics, Romanian Academy of Sciences,
Bucharest, Romania, 2 week, work on the
common project “Pulsed laser deposition
of thin oxide films”.

Prof. M. Obara,
Keio University, Yokohama, Japan,
1 week, lecturing at the 15™ International
School on Quantum Electronics “Laser
Physics and Applications” and work on the
common project ‘“Femtosecond laser
processing and novel methods for
nanofabrication”.

Prof. M. Polnau,
MESA+ Institute for Nanotechnology,
University  of  Twente, Enschede,
The Netherlands, 3 days, lecturing at the
15" International School on Quantum
Electronics “Laser Physics and
Applications”.

T. Sakano,
Keio University, Yokohama, Japan,
1 week, participation in the 15"
International ~ School on  Quantum
Electronics “Laser Physics and
Applications” and work on the common
project “Femtosecond laser processing and
novel methods for nanofabrication”.
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Prof. A. Serafetinides,
National Polytechnic University of Athens,
Physics Department, 8 days, receiving the
Award of The Bulgarian Academy of
Sciences and lecturing at the 15

International ~ School on  Quantum
Electronics, “Laser  Physics and
Applications”.
E. Kontou,

National Polytechnic University of Athens,
5 days, participation in the 15"
International ~ School on  Quantum
Electronics “Laser Physics and
Applications”.
Prof. M. Makropoulou,

National Polytechnic University of Athens,
5 days, participation in the 15"
International ~ School on  Quantum
Electronics, “Laser  Physics and
Applications”.

LABORATORY VISITS:

Prof. Dr.Sc. P.A. Atanasov,
Institute of Fluid-Flow Machines, Polish
Academy of Sciences, Gdansk, Poland.
Assoc. Prof. Dr. N.N. Nedialkov,
Institute of Fluid-Flow Machines, Polish
Academy of Sciences, Gdansk, Poland.
Prof. Dr.Sc. P.A. Atanasov,
Keio University, Yokohama and Kyoto
University, Japan.
Assoc. Prof. Dr. N.N. Nedialkov,
Keio University, Yokohama, Japan.
Mr. 1. Dimitrov,
Institute of Lasers, Plasma and Radiation
Physics, Romanian Academy of Sciences,
Bucharest, Romania.
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LABORATORY

CONDENSED MATTER LASERS

HEAD: Assoc. Prof. G. Todorov, Ph.D.

TOTAL STAFF: 13
RESEARCH SCIENTISTS: 12

Prof. M.N. Nenchev, Dr.Sc.; Assoc. Prof. L.A. Avramov, Ph.D.; D.G. Slavov, Ph.D,;
Assoc. Prof. E.G. Borisova, Ph.D.; A.T. Daskalova-Shivarova, Ph.D.; A.l. Gisbrecht; N.J.
Momchilov; Z.S. Jordanova; D.S. Petkov; D.I. Hristov; 1.G. Kocev.

Ph.D. student: I. Bliznakova.
RESEARCH ACTIVITIES:

The traditional laboratory scientific
topics were extended and further
developed and carried out under work
projects and contracts in the following
three main fields of quantum electronics
and photonics.

1. Biophotonics. Laser medical and
biomedical research and development of
new diagnostic and therapeutic methods
and equipment.

2. Coherent spectroscopy, nonlinear
magneto-optical effects in alkali metal
vapors. Magnetic resonances and
possibilities for application.

3. Tunable lasers. Development of new
methods and techniques for
implementation of quantum generators
with increased output power and
multicolour emission.

1. Biophotonics: Laser medical and bio-
medical research and applications

1.1.  Fluorescence endoscopy of the
gastrointestinal tract [4, 14]

In the third year of the project VU-L-
01/05 “Optical biopsy of dysplasia and
tumors in the upper part of gastrointestinal
tract” spectral diagnostic procedures were

tested for endoscopic detection of tumors
and dysplasia of the upper and part of
gastrointestinal tract. The procedures
developed were applied for assessment of
dysplasia and neoplasia in upper part of
the gastrointestinal tract, namely for
oesophageal and stomach cancer.

For the above purpose, Delta-
aminolevulinic acid/ Protoporphyrin IX
(“ALASENS”, NIOPIK JSCo, Russia) was
used as a fluorescent marker for dysplasia
and tumor detection in oesophagus and
stomach. The 3-ALA is administered per
os six hours before measurements at dose
of 20mg/kg weight, according to the
clinical experience in gastrointestinal
diagnostic applications of 06-ALA/PpIX
fluorescence.

Fluorescence spectra were detected
and compared of normal and cancerous
mucosa and of inflammatory areas. Rapid
determination of lesions borders was
achieved using exogenous fluorescence
signal in 1-D scanning spectroscopic
mode. Our results from in vivo detection
show very good differentiation between
normal and abnormal tissues in 1-D
spectroscopic  regime, but moderate
discrimination in 2-D imaging.

Two variants of fluorescent equipment
complementary to the standard
gastroscope (Olympus Inc.) that is in use
in the “Queen Giovanna” University
Hospital, Sofia were applied for the needs
of fluorescent diagnosis of neoplasia in the
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upper part of gastrointestinal tract. In the
first one we built-in a light source that
replaces the standard white light
illuminator of the endoscope; the
fluorescence signal was collected by a
fiber inserted in the instrumental channel.
In the second variant, a fiber bundle was
inserted through instrumental channel of
the endoscope; the excitation light was
delivered through the central fiber, while
the fluorescence response of the tissue was
collected by the surrounding seven fibers
and delivered to a micro-spectrometer.
Both modalities have their advantages and
disadvantages.

In both cases, the spectroscopic 1-D
measurements were with very good
quality.  Fluorescence  diagnosis  of
oesophageal and stomach lesions was
made  during standard  endoscopic
examinations of the patients in the
Gastroenterology Department of “Queen
Giovanna” University Hospital. The
spectral measurements were made on
several anatomic points during endoscopic
procedures — on normal mucosa and on
cancerous sites. In the case of stomach
endoscopic observations, spectral data
from inflammatory areas were also
acquired and stored for subsequent
analysis. All procedures were developed
after local ethics committee approval
received for the protocol of exogenous
fluorescence diagnostic modality
verification.

Measurements of the fluorescence
spectra were performed in 1-D using
spectrometer fibers and 2-D visualization
and recording of protoporphyrin IX
distribution in the mucosa was carried out
using the video system of the endoscopic
equipment. Up to three biopsy samples
were collected from every suspicious area
observed during examination of the
patients using standard endoscopic biopsy
clips and send for histological evaluation.
Standard histology of all suspicious areas
was used as a “gold” standard for
comparison with the results obtained from
spectral measurements.

The spectral features observed during
the endoscopic investigations can be
divided into the following regions in
accordance with their origin and spectral
region of appearance after excitation at
405 nm:

- the 450 - 650 nm region, where tissue
autofluorescence is observed;

-the 630-710nm region, where
fluorescence of PpIX is clearly
pronounced;

-the 530-580nm region, where
minima in the autofluorescence signal are
observed related to re-absorption of oxy-
haemoglobin in this spectral area.

Normal mucosa has bright
autofluorescence related mainly to the
emission of co-enzymes and protein cross-
links. The autofluorescence intensity in the
case of neoplasia rapidly decreases, which
could be used as an additional indicator for
pathological evaluation.

When inflammatory areas occur in the
organ under investigation, red fluorescence
is also observed, which could give rise to
false-positive results for tumor
determination during observation in the
video channel of the endoscope. This
fluorescence is observed due to the
accumulation of PpIX in both the tumor
and inflammatory areas. These signals
could be distinguished when 1-D
measurements of the inflammation are
carried out. The contrast between the
fluorescent signals at 635 nm between
tumour regions and inflammations
observed in all patients where such
comparison was possible is usually higher
than two. One can thus be confident in
general that using this detection approach
one could distinguish between
inflammation and tumor sites and,
moreover, could distinguish inflammatory
areas from normal mucosa. Our results
showed very good sensitivity and
specificity of the exogenous fluorescence
diagnosis of oesophageal and stomach
neoplasia.
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1.2. Development of optical methods for
diagnostics and therapy of skin cancer

[1,2 3,56, 12, 14, 20]

In the framework of the recent project
MU-F-03/05 “Development of apparatus
and methods for optical biopsy of human
skin” we developed and tested spectral
diagnostic methods for early
differentiation of malignant melanoma vs.
normal skin and benign melanin-
pigmented cutaneous lesions, as well as for
non-melanin pigmented cutaneous lesions.
The methods of laser- and light-induced
fluorescence and reflectance spectroscopy
were applied.

Laser-induced autofluorescence
spectroscopy (LIAFS) can be applied to
quantify differences between normal and
abnormal tissues in vivo, thus providing an
appropriate method for detection of
pathological lesions in real time. Diffuse
reflectance  spectroscopy (DRS) also
allows distinguishing between pathological
areas and normal tissue surroundings. In
recent years, there has been growing
interest in the simuptaneous use of laser-
induced autofluorescence and reflectance
spectroscopy to differentiate disease from
normal surrounding tissue — mainly for
detection and differentiation of cancerous
and pre-cancerous changes in the human
body.

Bearing in mind the above, we studied
cutaneous  benign and  malignant
pigmented lesions by LIAFS and DRS. A
nitrogen laser emitting at 337 nm was used
as an excitation source for
autofluorescence of human skin. A broad-
band halogen lamp (400 - 900 nm) was
used for diffuse reflectance measurements.
A microspectrometer detected in vivo the
fluorescence and reflectance signals from
human skin. The main spectral features of
benign lesions — dermal nevi, compound
nevi, dysplastic nevi and malignant
melanoma were discussed and their origins
indicated. The assessment of the type of
the lesion was based on both the
fluorescence and reflectance spectra,

which increased the total diagnostic
accuracy compared to evaluation by using
LIAFS or DRS only. We also applied
colorimetric  transformation of the
reflectance spectra detected (in
cooperation with Assoc. Prof. P. Pavlova
of the Technical University of Sofia,
Plovdiv Branch and Assoc. Prof. Dr. P.
Troyanova of the National Oncological
Center) and obtained additional evaluation
criteria for determination of the type of
lesion under investigation.

Spectra from healthy skin areas near
the lesion were registered to be used a
posteriori to reveal changes between
healthy and lesion skin spectra. The
influence of the main skin pigments on the
spectra detected was discussed and
evaluation of the possibilities for
differentiation between malignant and
benign lesions was made based on their
spectral properties. This research shows
that non-invasive and highly-sensitive
in vivo detection by means of appropriate
light sources and detectors should be
possible in view of real-time determination
of existing pathological conditions.

The use of a single spectroscopic
technique, such as  laser-induced
autofluorescence spectroscopy or diffuse
reflectance  spectroscopy  of  skin
pigmented lesions, yields sensitivities,
specificities and total diagnostic accuracy
of the algorithms applied similar those
obtained from dermatoscopic examination
of skin  pathologies by trained
dermatologists (about 78%, 93% and 70%
respectively for the three statistic
parameters). The results are much better
than of the initial visual examination of
such kind of pathologies, which is the
most common first determination if
suspicious lesion exists on the patient skin.
However, these diagnostic values could be
improved if additional spectral features are
applied  from  autofluorescence  or
reflectance data, as well as if two or three
techniques  and/or  algorithms  for
differentiation = and  evaluation  of
pigmented skin pathologies are applied.
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One could thus obtain a more complete
picture of the pathology from the point of
view of its spectral or colour properties.

The best results were achieved when a
combination of laser-induced auto-
fluorescence and diffuse reflectance
spectroscopy is applied for determination
of malignant melanoma lesions. The
diagnostic accuracy achieved was 90 %,
the sensitivity and specificity values were
100 % and 93,3 % respectively, which is
an excellent result in comparison with the
diagnostic values achieved by other
non-invasive clinically applied techniques.

As a general result from the project
MU-F-03/05, two new systems were
developed. The first one, “Mediray PDT”,
for fluorescent diagnostics and
photodynamic therapy was developed for
non-melanoma  skin  tumors.  The
exogenous  photosensitizer used  is
5-ALA/PpIX for detection and treatment
of base-cell carcinoma pathologies that are
the most common cutaneous tumor type
(about 70% of the new cases each year).
The equipment was commissioned in the
“Integrative Medicine” Medical Center.

The second one, an optoelectronic
system for autofluorescence diagnosis of
non-melanoma  skin  neoplasia, is
undergoing clinical trials in the National
Oncological Center, Sofia, for the purpose
of assessing its applicability in the clinical
diagnostic practice in dermatology and
oncology.

1.3. Photodiagnosis and photodynamic
inactivation of pathogenic bacteria using
long-wavelength photo-sensitizers

As an extension of the collaboration
with colleagues at the Institute of Organic
Chemistry, BAS, studies were carried out
on photodynamic inactivation (PDI) of
pathogenic  microorganisms.  Newly
synthesized phthalocyanines were used for
studying the cellular uptake and their
efficiency as PDI agents.

The investigation was focused on the
charge effect of photodynamic agents on

the uptake capacity to gram-negative
bacteria  cells and  their  further
photoinactivation. The multi-drug resistant
micro-organism Aeromanas hydrophilla,
which is causing diseases to fishes and
humans, was treated. The new octa-
cationic phthalocyanines were designed to
compare the PDT efficacy to the efficacy
of tetra-substituted derivatives with the
same functional peripheral substituents.
The higher cellular accumulation to the
bacteria cells as a result of the high
number of  positive  charges of
photosensitizer leads to better adhesion to
the cellular membranes and improved
photoinactivation of bacteria causing
superficial and intra-organ infections.

The survival of the bacterial strains
was studied depending on the fluence rate
of the light applied, the cell density in the
bacterial suspension and the drug uptake
from the bacteria cells. Fluorescence
detection was used to evaluate the cellular
uptake,  photobleaching, and  PDI
effectiveness.

These results formed the basis of a
efficient design of covalently octa-
substituted phthalocyanines with positive
charge for successful treatment of micro
organisms.

Our results are encouraging in view of
the potential future application of
phthalocyanines for PDI treatment of
infections in humans caused by bacteria.
The work was performed under a
collaborative project with Romanian
colleagues on investigation of PDI effect
on microbial contaminants funded by the
Bulgarian Ministry of Education and
Science.

1.4 Surface characterization of human
dentine irradiated with Ti:sapphire laser:
influence of the pulse number and duration
[10, 21]

Different approaches for painless, fast
and localized laser treatment of dental hard
tissue have been the subject of continuing
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research. Despite the large number of
studies aimed at improving the dental
treatment using lasers with pulse duration
in the ns - ps range, the results still reveal
excess heat generation leading to thermal
modifications and collateral tissue damage,
formation of shockwaves and micro
cracks. Studies of dentine ablation with
Er:YAG and Ho:YAG lasers have
indicated several weaknesses of the
surface preparation process manifested as
melting, fissuring and slow material
removal rates. Some modifications of
these systems (Er, Cr:YSGG) were
introduced in the dental practice in
combination with water spray in order to
enhance the surface preparation by cooling
the ablated region and increasing the
ablation rate. Studies of the surface
modification of dentine using ultra-short
lasers have shown distinct changes in the
ablation mechanism. When pulse width is
decreased, the heat flow to the surrounding
material is limited by the duration of the
pulse. The electrons and ions are rapidly
ejected thus minimizing the heat
conduction to the surrounding area. The
changes of the surface morphology were
distinct with respect to the previously
described characteristics of the ablation
with lasers operating in the ns-pus range.
The results were expressed in clean
ablation with reduced side effects to the
tissue like melting and cracking and
improved material removal. We have
investigated ultrashort laser ablation
characteristics of human dentine using
environmental scanning electron
microscopy and atomic force microscopy.
A chirped-pulse amplification (CPA)
Ti: Sapphire laser was used with an
operating wavelength centered on 800 nm,
pulse duration of 25 fs and a maximum
repetition rate of 1kHz. The optimal
conditions  for  producing  various
nanostructures were determined. The
morphological changes in the irradiated
dentin were evaluated for various numbers

of pulses and laser fluences by means of
ESEM. The laser induced damage was
characterized over the fluence range
1.1 —2.1J /em®. Using optical microscopy,
the ablation area of craters in human
dentine as a function of the laser pulse
energy was evaluated for different number
of pulses. It was found that the laser beam
quality influences the crater shape and
morphology. Different structural
modifications in terms of multiple ablative
layers, thermal stress cracking and
exfoliation sputtering were observed after
ultra-short laser interaction with the
material. The results demonstrate that the
technical and analytical approach used is
useful for performing precise laser ablation
of dental tissue. The ESEM micrographs
of ultra-short laser ablated dentine surface
revealed improvement of the surface
processing. On the micrograph of a hole
ablated with F=1.36 J/cm?, 500 pulses,
shows the surface modification of dentine.
The results did not show thermal alteration
for a number of pulses less than N = 1000,
F=1.55 J/em®; the dentine was uniformly
ablated. Human dentine can be ablated
successfully with 30 fs laser pulses at
800 nm with laser fluences around
1.5 J/em®. Analysis of the craters produced
at constant number of pulses (N = 500) and
different laser energies (1.1—2.1J/cm?)
was also performed. An increase of the
laser fluence to F~2.1 J/em® resulted in
generation of micro cracks at the crater
surroundings and at the bottom. Clean
ablation cavities were produced for
fluences in the range of 1.2- 1.6 J/cm®,
N=500. Comparative AFM images
showing the evolution of surface
morphology after laser irradiation were
also obtained. In the present study the
AFM images of craters in dentin are in
good agreement with the ESEM results.
However, on a nanometer scale, a slight
difference was revealed in the formation of
a thin layer over the dentin surface after
laser irradiation.
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1.5. Haemoglobin photodissociation [17,18]

A new optical method was developed
for elimination of local tissue hypoxia
using a laser-induced photodissociation of
oxyhemoglobin in tissue blood vessels.
The results obtained demonstrate that in
order to make the laser therapy method
really efficient one has to control the
oxygen concentration in tissue keeping it
at the necessary level.

A method was developed for
determining the coefficient of oxygen
diffusion into a tissue based on the kinetics
of tissue oxygenation TcPO, under laser
irradiation. The possibility was
demonstrated  of  calculating  and
determining the level of TcPO, in zones
with disturbed blood microcirculation.

It was shown that monitoring the
kinetic of tissue oxygen tension TcPO,
gives a unique possibility to control the
process of  laser-induced tissue
oxygenation. The wvalue of TcPO;
increases  significantly  during laser
irradiation. The distribution of TcPO,
within the irradiated zone volume depends
on the time of exposure and the tissue
properties.

Laser-induced tissue oxygenation in
combination with visualization of the local
net of tissue blood vessels has a potential
of becoming a helpful tool in both therapy
and surgery of many skin disorders, such
as wounds, burns, ulcers, and bedsores.

The method proposed of cutaneous
blood vessel visualization could be used in
bullet wound surgery and limb amputation.
Different biomedical applications of the
laser-optical technology proposed for
visualization of the local net of tissue
blood vessels were discussed.

2. Nonlinear coherent resonances in Rb
2.1. CPT in Hanle configuration [11]
A coherent population trapping (CPT)

resonance in a degenerate two-level
system was realized on the set of Zeeman

sublevels of a single hyperfine level by
applying a monochromatic laser field; this
type of resonance is called a “single
frequency CPT”, or a “CPT in Hanle
configuration”.  Degenerate  two-level
systems provide further possibilities for
the analysis of coherent effects and are
important in view of performing
significantly simplified experiments and of
designing practical devices as well.

A more detailed theoretical and
experimental investigation was carried out
of the shape of the CPT resonances in *’Rb
at different geometries of excitation and
observation.

Our numerical calculations, based on
the irreducible tensor operator formalism,
allow us to take into account the influence
of the velocity distribution of the atoms
and the Gaussian distribution of the laser
beam intensity. It was shown that the
shape of the resonances in unpolarized
fluorescence is mainly influenced by the
beam intensity distribution. The model
allows the atomic system to be considered
as built up from sub ensembles interacting
with different light fields. The regression
analysis performed of the CPT resonance
shapes measured in different vacuum cells
under different excitation geometries and
the comparison of the experimental and
calculated shapes support this assumption.

The theoretical results were compared
with the experimental shapes measured
under different geometrical parameters,
laser beam diameters, aperture of
detection, etc., and a model describing the
resonances was proposed. According to
this model the narrow structure observed
in some cells is a result of atoms
interaction with a weak light field, e.g.,
scattered laser light.

An exact numerical solution can be
obtained for every chosen Rabi frequency
(laser power density); thus, the influence
of the high-rank polarization moments
(HRPMs) on the observable in the
spontaneous emission quadrupoles can be
described too. Due to conversion of the
ground level (Fy = 2) HRPMs with rank
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k>?2 into  observable  transversal
quadrupole components of the upper level
(Fe = 1), additional resonances will be
obtained in the spontaneous emission
(or in the absorption), narrower by a factor
of k and very sensitive to stray magnetic
fields. By using a frequency discrimination
in the detection of the spontaneous
emission, side-band resonances were
registered at  doubled modulation
frequency, corresponding to the coupling
between the ground state magnetic
sublevels m =2 and m = -2 (Am = 4). This
result was interpreted as a manifestation of
the hexadecapole component influence on
the unpolarized spontaneous emission.

In the unpolarized fluorescence the
main part of the signal is due to the
(coherent) population. The influence of the
mutual conversion results in a small
addition to the excited state population
distribution. As it was shown earlier, the
HRPM conversion is created by means of
octupole (k=3) tensor components.
Therefore, their influence on the coherent
population (k= 0) is small. However, the
octupole momentum is directly connected
to both the longitudinal and the orthogonal
alignment. It is well known that direct
observation of the resonance connected to
the alignment can be obtained using
appropriate excitation and observation
scheme. The simplest way to avoid the
influence of the population and to obtain
the amplitude and shape of the signal
related to the alignment is to record the
difference between two orthogonally
polarized signals. We have built such a
registration system. The experimental
results obtained correspond qualitatively to
the theoretically obtained ones. These
results are under preparation for
conference presentation and publication.

2.2. Magnetic resonances in alkali atoms
in different cells

Part of our work during the past year
was in cooperation with “Laser systems”
laboratory and was related to the

development of  applications in
magnetometry. Our  efforts  were
concentrated on studying the influence of
the cell dimensions during the cell
miniaturization process on the CPT-
resonance parameters. Rb cells with buffer
gas and different dimensions (from 2 cm to
12 pm) were compared in terms of the
efficiency of the optical pumping process.
The fluorescence spectral line-width and
resonance maxima change in different
cells was used to compare the cells with
different level of miniaturization. This
investigation provided basic information
on the optimal relation between several
parameters, namely, cell dimension, buffer
gas pressure and laser intensity on the
CPT effect.

In cooperation with colleagues from
the Institute of Physics, Belgrade, Serbia,
investigations based on an original
geometry for pump-probe spectroscopy
were performed. The pump and probe
beams co-propagate in co-axial geometry,
having the strong pump beam outside the
weak probe beam in the center. This
approach allows obtaining significant
resonance narrowing in Hanle-
configuration, which is a very promising
technique to be applied in atomic
magnetometers

The new results were presented to
national and international conferences.

3. Development of tunable lasers sources
and elements for spectral control and
applications in optical communications
and precise measurements [15,16]

An  original efficient  optically
controlled quantum electronic system was
developed that can emit, simultaneously or
successively, nanosecond laser pulses at
two different wavelengths in the IR,
namely, 1.06 nm and 1.32 nm, and 1.06 nm
and 0.94 nm (after doubling, green, 0.53
nm and red 0.67 and 0.53 nm, and blue,
0.47 nm). The special design based on
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coaxially used parts of Nd:YAG crystals
permits one to obtain the two color
emissions in single output beams (located
coaxially) and/or in completely spatially
separated beams. The spectral, temporal
and polarization parameters of each
emission can be controlled independently.
The resonator design permits one to
produce high-power (~MW) laser pulses
using a spectrally independent single
Q-switch (e.g. frustrated total reflection
type). The new laser design presents
considerable technical advantages — it is
simpler and cheaper than two separate
lasers, while the need of complex
synchronization in the nanosecond range is
eliminated. The mode competition effect is
also avoided thus enlarging the tunability
and improving the reproducibility of the
laser emission. We demonstrated the
feasibility of the device and the realistic
system parameters for obtaining the
advantages mentioned. The system
proposed can be very useful when
combination of two lasers wavelengths is
necessary (in spectroscopy, in DIAL
monitoring, in interferometric
measurements, in isotope separation
systems, in holography, in nonlinear
wavelength mixing). Furthermore,
progress was achieved in the development
of our new approach to Q-switching of
laser systems. The system permits one to
use a single Q-switch (electro-optical) to
Q-switch in complete synchronization both
outputs of the laser active medium, thus
avoiding the appearance of undesired pre-
lasing that strongly depletes the population
inversion and reduces the maximum
obtainable output power of the giant pulse
generated. The new system does not affect
the desired effect of inversion
depopulation by the amplified spontaneous
emission reinjected by the free of
modulation reflector. We developed a
detailed theoretical model to study the
operation of the new system and
confirmed its advantages.
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2. Bliznakova I, Borisova E, Avramov L,
Laser- and light-induced
autofluorescence spectroscopy of
human skin in dependence on
excitation wavelengths,

Acta Physica Polonica A
2007;112:1131-6, ISSN: 0587-4246.

3. Momchilov N, Bliznakova I,

Borisova E, Troyanova P, Avramov L,

Development of low-cost
photodynamic therapy device,
Acta Physica Polonica A

2007;112:1125-30, ISSN: 0587-4246.

4.  Borisova E, Vladimirov B, Avramov L,
5-ALA mediated fluorescence
detection of gastrointestinal tumors,
Adv Opt Technol 2008,
doi: 10.1155/2008/862081.

5. Borisova E, Troyanova P, Pavlova P,
Avramov L,

Diagnostics of pigmented skin
tumors based on laser-induced
autofluorescence and diffuse
reflectance spectroscopy,

Quantum Electr 2008;38/6:597-605,
ISSN: 1063-7818.

6. Borisova E, Nikolova E,
Troyanova P, Avramov L,
Autofluorescence and diffuse
reflectance spectroscopy of pigment
disorders in human skin,

JOAM 2008;10/3:717-22.

7. Balabanov S, Tsvetkova T,
Borisova E, Avramov L, Bischoff L,
Dose dependence of visible range
diffuse reflectivity for Si+ and C+
ion implanted polymers,

J Phys: Conf Series 2008;113:012038,
ISSN 1742-6596.
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10.

11.

12.

13.

14.

Balabanov S, Tsvetkova T, Borisova E,
Avramov L, Bischoff L,

Spectral distribution of UV range
diffuse reflectivity for Si+ ion
implanted polymers,

J Phys: Conf Series 2008;113:012039,
ISSN 1742-6596.

Tsvetkova T, Balabanov S, Avramov L,
Borisova E, Bischoff L,

Si+ implantation induced
photoluminescence enhancement in
PMMA,

Przeglad Elektrotechniczny
2008;R84/3:72-4.

Daskalova A, Husinsky W,
Application of ultra-fast laser
radiation for processing of biological
tissue: mass spectrometry of ablated
species,

J Phys: Conf Series 2008;113:012052,
ISSN 1742-6596.

Gateva S, Alipieva E, Petrov L,
Taskova E, Todorov G,

Single frequency coherent population
trapping  for  magnetic  field
measurement,

J Optoelectr Adv Mater
2008;10/1:98-103, ISSN 1454-4164.
Troyanova P, Borisova E, Avramov L,
Photodynamic medicine -
perspectives of development,
Oncology 2008;36/1:45-54,

ISSN: 0369-7649.

Borisova E, Troyanova P, Nikolova E,
Avramov L,

Cutaneous tumors in vivo
investigations using fluorescence and
diffuse reflectance techniques,

Proc SPIE - Optical Technol Biophys
Med IX, Ed Tuchin A%
2008;6791:679105,

ISBN: 9780819469557.

Borisova E, Vladimirov B, Avramov L,
Fluorescence detection of esophageal
neoplasia,

Proc SPIE - Optical Technol Biophys
Med IX, Ed Tuchin A%
2008;6791:679104,

ISBN: 9780819469557.

15.

16.

17.

18.

19.

Todorova P T, Deneva M A,
Nenchev M,

A new flash lamp pumped and
Q-switched Nd:YAG optical
quantum generator with simultaneous
lasing at two colors (1.06 nm and 0.94 nm),
Proc Int Conf Electronics ET’2008,
Sept 2008, Sozopol, Bulgaria,
pp 122-8, ISSN 1313 — 1842.
Gacheva L I, Deneva M A,
Kalbanov M H, Nenchev M N,
Development of original all-optical
injection control competition and
gain knock-down techniques for laser
line narrowing and fixing at atomic
absorption line,

Proc Int Conf Electronics ET 2008,
Sept 2008, Sozopol, Bulgaria,
pp 145-50, ISSN 1313 — 1842.
Asimov M M, Asimov
Rubinov A N, Gisbrecht A I,
Laser-optical method for extraction
of molecular oxygen from ox
hemoglobin in vivo and increase of
the level of local oxygenation of
biotissues,

Proc 7™ Int Conf Laser Phys Optical
Technol, 2008, Minsk, Belarus,
pp 326-29, UDK 615.849.19.

Plaksii U S, Mamilov S A, Esman S S,
Asimov M M, Gisbrecht A I,
Laser-optical methods of
visualization of tissue hypoxia and its
applications in early diagnostics of
cancer,

Proc 7" Int Conf Laser Phys Optical
Technol, 2008, Minsk, Belarussia,
pp 334-37, UDK 615.849.19.
Steflekova V, Slavov D, Zhechev D,
Todorov G,

Self-sustained unstable modes for
operation of glow discharge an
application,

Proc 24 Summer School and Int
Symp Phys Ionized Gases, August
2008, Novi Sad, Serbia, pp 361-64,
ISSN 1418-4559.

R M,
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20. Borisova E, Jones G, Pavlova P, ONGOING RESEARCH PROJECTS:
Russell C
Chapter 8, pp 159-89, Chromatic Financed by the National Science Fund
monitoring of biological tissues and
fluids - in Chromatic monito'ring of 1. Contract Ne 1305 Development of new
complex  conditions  (Series in methods for development of lasers
Sensors), ) with non-traditional generation
Eds Jones G R, Deakin A G, Spencer J W, characteristics
121008‘[1 T;lylor I\T d dFran01s ESI;C Press), 2. Contract Ne M-1422/04 Extension and
outledge (Hardcover pages), development of the possibilities for
ISBN 978-1-58488-988-5. . . .
application of the optical biopsy and
its approval in the diagnostics of
CONFERENCES: malignant skin tumors.
. Bori . 3. Contract No SRP-101/07 Preparation
. Borisova .
’ f t 1 for FP7 of EU
1) Delta-ALA-mediated fluorescence O Project proposda. 7ot ©
: . Development of a laser system laser
spectroscopy  of - gastrointestinal ablation of biological tissue with
neoplasia;
2) Photodynamic medicine — results, smart feedback. .
4. Contract Ne V-UL-01/05 Optical

activities and perspectives in Bulgaria,
1" Working Meeting-Conference of
European Platform of Photodynamic
Medicine,

March 2008, Dubrovnik, Croatia.
Borisova E,

Multispectral  detection of tooth
pathologies,
Int Conf Modern Laser Appl,

May 2008, Bran, Romania.

Borisova E,

1) Exogenous fluorescence detection
of inflammation and neoplasia in
gastrointestinal tract;

2) Multispectral autofluorescence and
reflectance detection of base-cell
carcinoma,

Int School for Young Scientists on
Optics, Laser Physics and Biophysics,
May 2008, Moscow-Saratov, Russia.
Bliznakova I,

On the structure of multiple scattering
field in turbid medium in dependence
of the wavelengths and medium

parameters,

Summer School on Biophotonics,
Aug-Sept 2008, Ballyvaughan,
Ireland.

biopsy of dysplasia and tumors in the
upper part of gastrointestinal tract.
Contract Ne UF-12/02 Development of
original quantum-electronic methods
and devices for application in ecology
and optical communications.

Contract Ne 1404/04 Coherent effects
in nano-layers in gas phase.

Contract Ne BR-14/07 Optimization of

photodetection and photodynamic
inactivation of microbial
contamination.

Contract No BIN-04/07 Inactivation of
pathogenic Dbacteria of periodontal

diseases — fluorescence diagnostics
and photodynamic therapy.
Contract No M-UF-03/05

Development of apparatus and
methodology of optical biopsy of
human skin.

Financed by International Atomic Energy
Agency

Contract No CRP F-12016 Ion Beam
Modification of Polymer Surfaces.


http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_1?%5Fencoding=UTF8&search-type=ss&index=books&field-author=Gordon%20Rees%20Jones
http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_2?%5Fencoding=UTF8&search-type=ss&index=books&field-author=Anthony%20G.%20Deakin
http://www.amazon.com/exec/obidos/search-handle-url/ref=ntt_athr_dp_sr_3?%5Fencoding=UTF8&search-type=ss&index=books&field-author=Joseph%20W.%20Spencer
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Financed by ministries, departments, and
companies

1. Project for preparation of a joint
proposal for participation in FP7
framework program on Biomedical
photonics, collaboration start up:
Establishment of multilateral research
network cooperation between scientific
organizations in Austria, Bulgaria and
Romania, financed by the Austrian
Science and Research Liaison Offices
Ljubljana and Sofia (ASO).

2. Contract No [IF-00-121/06 Laser
optoelectronic system for optical
tomography, financed by the National
Innovation Fund, Bulgaria.

3. Contract Photophysics characteristics
investigation of newly synthesized
photosensitizers for photodiagnosis
and  photodynamic  therapy of
malignant cutaneous lesions, financed
by Optella Ltd, Sofia, Bulgaria.

4. Contract Cooperation in the field of
optical tomography, financed by
SIEMENS-Medical Solutions.

5. Contract Rila on Study of atomic
vapor layers of nanometric thickness
and atom-surface interaction between
St. Kliment Ohridski Sofia University
and the Bulgarian Ministry of
Education, in cooperation with the
University of North Paris, Institute
Galilee, Universite Paris 13.

6. Contract Femtosecond laser ablation
of biological tissues — atomic force
microscopy and environmental

scanning electron microscopy,
financed by Int Institute of Tech Univ,
Vienna.

7. Project for support of the Fifteenth
International Summer School on
Quantum Electronics: Laser Physics
and Applications, Bourgas, Bulgaria
2008, financed by Austrian Science
and Research Liaison  Offices
Ljubljana and Sofia (ASO).

8. Project Development of original,
patented high power lasers, financed
by NIS, TU-Sofia.

COLLABORATIONS:

1.

Study of mechanisms of ultra-short
laser ablation and desorption of
biomolecules,

ITSLEIF-exchange program of the
EU.

2. Study of atomic vapor layers of
nanometric thickness and atom-
surface interaction,

INTAS.

3. Development of small dimensional
tunable laser sources,

Institute  of  Physics,  National
Academy of Sciences of Belarus,
Minsk, Belarus.

4. Development of new methods for
laser diagnostics and therapy of
dermatological and  oncological
diseases,

Institute  of  Physics,  National
Academy of Sciences of Belarus,
Minsk, Belarus.

5. Investigation of the laser irradiation
influence over the relative
concentration changes of
oxyhaemoglobin in the blood,

Institute of Applied Problems of
Physics and Biophysics, Ukrainian
Academy of Sciences, Kiev, Ukraine.

6. Coherent population trapping effect in
potassium vapor,
University of Pisa, Italy.

7. High resolution spectroscopy in
quantum optics and metrology,
Institute of Physics, Belgrade, Serbia.

8. Coherent spectroscopy of gases and
low temperature plasma,

V. A. Fock Physics Institute, St.
Petersburg State University, Russia.
LECTURE COURSES:

Prof. M. Nenchev:

Quantum electronics and laser techniques;
Technological ~and  medical laser
complexes; Aplied physics,

Technical University — Sofia.

Lasers and laser techniques,

Bulg Acad Sci, for training of doctoral
students.
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LABORATORY VISITS: Madalin Rusu,
National Institute for Research and
1. Daskalova A, Development in  Optoelectronics,
F'emto.second‘ laser abla‘Fion of Bucharest, Romania, project
biological tissue — atomic force BR-14/07.

microscopy and environmental
scanning electron microscopy,
1 month, Vienna University of
Technology, Vienna, Austria.

2. Borisova E, Daskalova A,

Optimization of photodetection and
photodynamic inactivation of
microbial pollution,
1 week, National Institute for
Research and Development in
Optoelectronics, Bucharest, Romania.

GUESTS:

1. Laurentziu Bachir,

National Institute for Research and
Development in  Optoelectronics,
Bucharest, Romania, project BR-14/07.

Prof. Wolfgang Husinsky,

Institute of General Physics, Vienna
University of Technology, Austria.
Prof. Shahid Rafique,

Institute of General Physics, Vienna
University of Technology, Austria.
Shazia Bashir,

Institute of General Physics, Vienna
University of Technology, Austria.
Prof. U. Plaksii,

Institute of Applied Problems of
Physics and Biophysics, Ukrainian
Academy of Sciences, Kiev, Ukraine.
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LABORATORY

LASER SYSTEMS

HEAD: Assoc. Prof. N. Mihailov, Ph.D.

TOTAL STAFF: 13
RESEARCH SCIENTIST: 12
Assoc. Prof. S. Cartaleva, Ph.D.; Assoc. Prof. E. Alipieva, Ph.D.;
Assoc. Prof. S. Gateva, Ph.D.; Ch. Andreeva, Ph.D.; T. Karaulanov, Ph.D.;
E. Taskova, Ph.D.; P. Todorov, Ph.D.;
O. Vankov, K. Vaseva; N. Petrov; V. Sarova; D. Atanasov.

RESEARCH ACTIVITIES:

During the last decade, a strong
expansion of the interest to the coherent
population trapping (CPT) phenomenon
has taken place, motivated by its new
applications in science and technologies.
Miniaturized CPT sensors are needed tor
practical devices. Miniaturization is not a
trivial task, because the reduction of a CPT
sensor dimensions compromises its
parameters.

During 2008, our activities were
devoted to theoretical and experimental
investigations of the possibility of using
alkali vapor atoms confined in nano-metric
cells for miniaturization of photonics
sensors based on coherent effects without
significant reduction of their sensitivity.
The work is also of fundamental interest,
because when the thickness of the alkali
vapor cell approaches the wavelength of
the irradiating light, effects of basic
interest (like Dicke narrowing in optical
region, depolarization of atomic state by
atom-surface interaction) occur.

Within the frame of a current INTAS
project (,,Study of atomic vapor layers of
nanometric thickness and atom-surface
interaction”, Grant: 06-1000017-9001,
Consortium coordinator — Institute of
Electronics), financed by the EC and
aiming at miniaturization of the CPT-
based sensors, we carried out investigation
of alkali vapor nano-layers. Together with
colleagues from the Armenian Academy of
Sciences, we performed experiments in the
Institute of Electronics, which showed that

alkali vapors confined in nano-volumes
have different spectral behavior from those
in cm-sized volumes. In cooperation with
colleagues from the University of Sofia
and University Paris 13, a theoretical
model as developed revising the classical
saturated absorption for the case of vapors
confined in nano-layers. CPT in nano-
layers was investigated together with the
colleagues from the University of Latvia.
The results show that the CPT
spectroscopy in nano-layers has very high
potential for investigation of the atom-
surface interaction. Besides the numerous
fundamental  results, the  spectral
investigations of atomic vapor nano-layers
show that such layers are very promising
for application as miniature photonics
Sensors.

Within the framework of collaboration
with the Institute of Physics at the State
University of St. Petersburg, Russia, a
model was developed describing the
shapes of the CPT resonances at different
geometries of excitation and observation.
The numerical calculations, based on the
irreducible tensor operator formalism, take
into account the experimental geometry,
the velocity distribution of the atoms, the
Gaussian distribution of the laser beam
intensity and the high rank polarization
moments. The results for different laser
beam diameters, detection aperture,
photodetector position etc. were compared
with the experimental data. Different
resonance-width narrowing effects that
increase the magnetometer sensitivity were
analyzed.
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PUBLICATIONS: PATENTS:
1. Gateva S, Alipieva E, Petrov L,

Taskova E, Todorov G,

Single frequency coherent-population-
trapping resonances for magnetic field
measurement,

J Optoelectron Adv Mater
2008;10/1:98-103.

Gateva S, Alipieva E, Domelunksen V,
Polischuk V, Taskova E, Slavov D,
Todorov G,

Shape of the coherent-population-
trapping resonances registered in
fluorescence at different experimental
geometries,

Proc SPIE 2008;7027:70270I.
Alipieva E, Taskova E, Gateva S,
Todorov G,

Manifestation of high-rank
polarization =~ moments in  the
fluorescence CPT resonance,

Proc SPIE 2008;7027:70270F.
Todorov P, Vaseva K, Cartaleva S,
Slavov D, Maurin I, Saltiel S,
Absorption and fluorescence in
saturation regime of Cs-vapour layer
with thickness close to the light
wavelength,

Proc SPIE 2008;7027:70270R.
Gozzini S, Cartaleva S, Slavov D,
Marmugi L, Lucchesini A,

Coherent spectroscopy in potassium
vapor with amplitude modulated light,
Proc SPIE 2008;7027:70270K.
Bliznakova I, Vankov O, Dreischuh T,
Avramov L, Stoyanov D,

Spatial distribution of a laser beam
spreading in turbid tissue-like media
containing ingredients,

Proc SPIE 2008;7027:702719.

Slavov D, Petrov L, Arsov V,
Steflekova V, Gorbenko A, Polischuk V,
Zhechev D, Mihailov N, Todorov G,
Magneto-galvanic signals and
ionization processes in a neon hollow
cathode discharge,

J Phys: Conf Series 2008;113/012009.

1. Biancalana V, Dancheva Y, Mariotti E,
Moi L, Cartaleva S, Andreeva Ch,
Method and device for measurement
of magnetic induction,

European Patent No EP1570282,
Priority 03.12.2002, registered Republic
of Bulgaria No 107350/03.12.2008.

CONFERENCES:

1. Cartaleva S, Koynov K, Saltiel S,
Sarkisyan D, Slavov D, Todorov P,
Vaseva K,

High resolution laser spectroscopy of
Cs vapor layers with thickness
comparable to the wavelength of the
irradiating light,

ECAMP IX 2007;We5-17.

2. Alipieva E, Taskova E, Gateva S,
Todorov G,

High-rank  polarization = moments
influence on the CPT resonance
obtained on two-level degenerated
system,

XL EGAS Conf 2008;CP161.

3.  Vaseva K, Todorov P, Cartaleva S,
Slavov D, Saltiel S,

Sub-Doppler fluorescence
spectroscopy of Cs-vapour layers
with nano-metric thickness,

XL EGAS Conf 2008;CP162.

4. Todorov P, Cartaleva S, Vaseva K,
Andreeva C, Maurin I, Slavov D,
Saltiel S,

Absorption in the saturation regime
of Cs-vapour layer with thickness
close to the light wavelength,
XL EGAS Conf 2008;CP163.

5. Biancalana V, Cartaleva S, Dancheva
Y, Mariotti E, Moi L, Nasyrov K,
Petrov N, Slavov D,

Light polarization influence
on the electromagnetically vinduced
absorption resonances in Cesium,

XV ISQE 2008;PB2.


http://www.scopus.com/scopus/search/submit/author.url?author=Slavov%2c+D.&authorId=9233672800&origin=recordpage
http://www.scopus.com/scopus/search/submit/author.url?author=Petrov%2c+L.&authorId=7103004425&origin=recordpage
http://www.scopus.com/scopus/search/submit/author.url?author=Arsov%2c+V.&authorId=16315085700&origin=recordpage
http://www.scopus.com/scopus/search/submit/author.url?author=Steflekova%2c+V.&authorId=16317793800&origin=recordpage
http://www.scopus.com/scopus/search/submit/author.url?author=Gorbenko%2c+A.&authorId=24337862100&origin=recordpage
http://www.scopus.com/scopus/search/submit/author.url?author=Polischuk%2c+V.&authorId=24338971200&origin=recordpage
http://www.scopus.com/scopus/search/submit/author.url?author=Zhechev%2c+D.&authorId=7004009905&origin=recordpage
http://www.scopus.com/scopus/search/submit/author.url?author=Mihailov%2c+N.&authorId=24339037400&origin=recordpage
http://www.scopus.com/scopus/source/sourceInfo.url?sourceId=130053
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10.

11.

12.

13.

Cuk S, Nikolic S, Slavov D, Radonjic
M, Krmpot A, Arsenovic D,
Cartaleva S, Jelenkovic B,

Change of sign of the Hanle
resonances: case of closed transition
in Rb cell with buffer gas,

XV ISQE 2008;PB4.

Gateva S, Alipieva E, Domelunksen V,
Polischuk V, Taskova E, Slavov D,
Todorov G,

Shape of the coherent-population-
trapping resonances registered in
fluorescence at different
experimental geometries,

XV ISQE 2008;PB9.

Gozzini S, Cartaleva S, Slavov D,
Marmugi L, Lucchesini A,

Coherent spectroscopy in potassium
vapor with amplitude modulated light,
XV ISQE 2008;PB10.

Gozzini S, Cartaleva S, Karaulanov T,
Luccehesini A, Auzinsh M, Atvars
A’

Electromagnetically induced
transparency on the second resonance
line in potassium,

XV ISQE 2008;PB11.

Taskova E, Alipieva E, Gateva S,
Todorov G,

Manifestation of high-rank polarization
moments in the fluorescence CPT
resonance,

XV ISQE 2008;PB22.

Todorov P, Cartaleva S, Vaseva K,
Andreeva C, Maurin I, Slavov D,
Saltiel S,

Absorption in the saturation regime
of Cs-vapour layer with thickness
close to the wavelength of the
irradiating light,

XV ISQE 2008;PB23.

Vaseva K, Todorov P, Cartaleva S,
Slavov D, Saltiel S,

Narrowing of the fluorescence
spectra observed in Cs-vapour layers
with nano-metric thickness,

XV ISQE 2008;PB24.

Bliznakova I, Vankov O, Dreischuh T,
Avramov L, Stoyanov D,

Structure of scattered fields in
dependence on the wavelengths and
tissue phantom parameters,

XV ISQE 2008;PDA4.

14.

15.

Vaseva K, Todorov P, Slavov D,
Cartaleva S, Subov P, Saltiel S,
Fluorescence  spectra study in
extremely thin Cs-vapor layers,

Int Sci Student Conf 2008, Stavropol,
Russia.

Vaseva K, Todorov P, Slavov D,
Cartaleva S, Subov P, Saltiel S,
Fluorescence  spectra study in
extremely thin Cs-vapor layers,

Int Sci Conf Solid State Chem and
Modern Micro- and Nano-technol,
Kislovodsk, Russia 2008;458C.

ONGOING RESEARCH PROJECTS:

Financed by the National Science Fund

1.

2.

F-1404/04 Coherent effects in gas-
phase nano-layers.

F-1409/04 Nonlinear magneto-optical
effects in a resonance medium.

Financed by other institutions

1. INTAS-06-1000017-9001 Study of
atomic vapor layers of nano-metric
thickness and atom-surface
interaction,

Project coordinator: S. Cartaleva

2. All-optical diode-laser-based
magnetometer: miniaturization and
parameters optimization,
Bulgarian-Indian  inter-governmental
program of cooperation in science and
technology (2008-2010),

Coordinator from the Bulgarian side:
S. Cartaleva.

COLLABORATIONS:

1. Investigation of anisotropy  of
extremely thin cells by means of
nonlinear, multi-photon and Raman
atomic spectroscopy,
RILA French-Bulgarian collaboration
program,
Coordinator: Ch. Andreeva.

2. High resolution spectroscopy in

quantum optics and metrology,
Institute of Physics, Belgrade, Serbia,
Coordinator: S. Cartaleva.


http://nano-vapor-layers.net/pdf/Kislovodsk2007.pdf
http://nano-vapor-layers.net/pdf/Kislovodsk2007.pdf
http://nano-vapor-layers.net/pdf/Kislovodsk2007.pdf
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3. Coherent population trapping effect in
alkali atoms,

Inter-academic collaboration BAS-CNR,
Bulgaria-Italy,

Coordinator from the Bulgarian side:
S. Cartaleva.

4. Development of stabilized diode lasers
and their application to atomic
spectroscopy and cooling of atoms,
Institute of Physics, Polish Academy
of Sciences, Warsaw, Poland,
Coordinator: S. Gateva.

LABORATORY VISITS:

S. Cartaleva, IPCF — CNR, Pisa, Italy, 30 days.
P. Todorov, CNRS, Paris, France, 30 days.
Ch. Andreeva, Riga, Latvia, 240 days.

K. Vaseva, CNRS, Paris, France, § days.
S. Gateva, Institute of Physics, Warsaw,
Poland, 10 days.

GUESTS:

L. Moi, E. Maroitti, V. Biancalana and
Y. Dancheva,

CNISM-Phys Dept Siena Univ, Italy.

D. Bloch,

T Passerat de Silans/CNRS, Paris, France.
A. Papoyan and D. Sarkisyan,

Inst Phys Res, NAS, Armenia.

B. Jelenkovic, A. Krompt, M. Maijailovic,
Z. Grujic, M. Nikolic and D. Pantelic,

Inst Phys, Univ Belgrade, Serbia.

M. Glodz,

Inst Phys, PAS, Poland.
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LABORATORY

FIBER AND NONLINEAR OPTICS

HEAD: Assoc. Prof. L. Kovachev, Ph.D.

TOTAL STAFF: 4
RESEARCH SCIENTIST: 2
Assoc. Prof. L. M. Ivanov, Ph. D; I. Tunchev.
Ph.D. student: K. L. Kovachev.

RESEARCH ACTIVITIES:

1. Dynamics of attosecond and
femtosecond optical pulses in linear
regime

A systematic study was performed on
linear and nonlinear propagation of
femtosecond laser pulses in media with
dispersion, dispersionless media and in
vacuum. The method applied of amplitude
envelopes gives possibility to estimate the
limits of slowly varying amplitude
approximation and to describe an
amplitude integro-differential equation
governing the propagation of optical
pulses in a single-cycle regime (attosecond
pulses in UV region). In contrast to
previous studies, we demonstrated for first
time, that in the femtosecond region the
nonparaxial terms are not small and can
dominate over the transverse Laplacian.
The linear amplitude  nonparaxial
equations for fs and attosecond pulses
were solved using the method of Fourier
transforms. Fundamental solutions with
spectral kernels different from the Fresnel
ones were found. Exact unidirectional
analytical solutions of the nonparaxial
amplitude equations and the 3D wave
equations with Gaussian light bullets as
initial conditions were also obtained. A ew
formula for calculating the optical pulses’
diffraction length was suggested. In
addition, the linear propagation of single-
cycle pulses in air and vacuum was
investigated and a coronal (semi-spherical)

form of diffraction at short distances was
observed.

We also investigated the nonlinear
evolution of femtosecond pulses in media
with weak dispersion and power slightly
above the critical one for self-focusing in
the framework of the generalized non-
paraxial amplitude equation. It was found
that this nonlinear non-paraxial regime
strongly depends on the initial form of the
pulses. In the case of a long pulse (a small
transverse and a large longitudinal size),
the dynamics is similar to the nonlinear
paraxial dynamics of a laser beam, with
the difference consisting in a large spectral
and longitudinal spatial modulation of the
long pulse. The non-paraxial terms play an
important role in the evolution of light
bullets and light disks. In light bullets
regime (approximately equal transverse
and longitudinal size), weak self-focusing
without large base and collapse arrest is
obtained. Non-collapsed regime of light
disks (pulses with small longitudinal and
large transverse size) is also observed. We
demonstrated for the first time that such
non-paraxial model can explain effects as
spectral broadening, collapse arrest and
nonlinear waveguide behavior. Exact light
disk soliton solutions of the nonparaxial
nonlinear evolution equation in air were
also found.

Recently, long-range self channelling of
laser pulses with power slightly above the
critical one without ionization has been
observed experimentally. Thus, the
additional linear and nonlinear effects at
such powers can be reduced to two effects
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only, namely, nonparaxiality and Kerr
effect. Another important characteristic of
the propagating pulses in experiments is
that their spectral broadening Ak is of the
order of the carrying wavenumber
k, ~ Ak . We recently suggested a model

that accounts for these effects and
observed a non-collapsed regime of light
disks (pulses with small longitudinal and
large transverse size). The nonlinear
equation up to second order of linear
dispersion in this case is:

Oz v ot

+82A_(l+,6’) 82A+ (1)
oz’ veooor
yexp(=2ik,(z —ct)) A,

A A

where A4 is the electrical field amplitude
envelope of, & is the carrying wave vector,

v is the group velocity, B=k"Vk, is a
number accounting for the influence of the
second order dispersion and y =k;n, is a
nonlinear coefficient. In the atmosphere
f=21x10" and at the carrying
wavelength 4 =800 nm the dispersion on
several diffraction lengths can be
neglected. We investigated the case of
pulse propagation in air with Ak~k,,
v, & cand 8 =0. Substituting

A(x,y,2,t) = A, F (F)exp[-iAk(z—vt)]  in
Eq. (1), one obtains the following
nonlinear equation:

+ +7F° =0, 2
o e @)
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The number O accounts for the
difference between the transverse and the
longitudinal size of the pulse. The pulse

assumes the shape of a light disk
when 0 #10—-15. For the case when the
nonlinear coeficient is slightly above
critical the 7 =2, equation (2) assumes an

exact disk soliton solution of the kind:

F(7)=sech(In(r))/r. 3)

Fig. 1. Side projection (z,y) of the
disk  soliton solution (3) at
normalized distance z = vt =230.

One interesting characteristic of these
solutions is that after a certain period of
time a pulse with ¢ =1 is transformed into
a disk soliton with 6 ~10-15.

PUBLICATIONS:

1. Kovachev L M,
Beyond the spatio-temporal model in
femtosecond optics,
J Modern Optics 2008;55/17:2975-81.
2. Kovachev L M, Kovachev K L,
Diffraction of femtosecond pulses:
nonparaxial regime,
J Opt Soc Am A 2008;25/9:2232-43.
3. Kovachev L M; Kovachev K L,
Diffraction of femtosecond pulses.
Nonparaxial regime: erratum,
J Opt Soc Am A 2008;25/12:3097-8.
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interaction of ultrashort optical pulses
with submicron structures (2009).
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Propagation of ultrashort optical pulses in
media with non-stationary optical and
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LABORATORY

LASER RADARS

HEAD: Prof. D. Stoyanov, Dr.Sc.

TOTAL STAFF: 23
RESEARCH SCIENTISTS: 13
Assoc. Prof. 1. Kolev, Ph.D.; Assoc. Prof. L. Gurdev, Ph.D.; Assoc. Prof. T. Dreischuh, Ph.D.;
Assoc. Prof. V. Grigorieva, Ph.D.; V. Mitev, Ph.D.; S. Penchev, Ph.D.; V. Pencheva, Ph.D.;
A. Deleva, Ph.D.; Z. Peshev, Ph.D.; G. Kolarov; B. Kaprielov; V. Naboko; I. Grigorov.

RESEARCH ACTIVITIES:
1. Lidar monitoring of the atmosphere

Systematic measurements within the
EARLINET — ASOS (FP6) and CALIPSO
(ESA) projects

I. Grigorov and G. Kolarov

During 2008, the “Aerosol Lidar with
CuBr-vapor Laser” research  group
continued its networking activities, under
the “EARLINET-ASOS” project, Contract
Number 025991 (http://www.earlinet.org).
This project is a part of 6™ FP within the
“Structuring the European Research Area
Specific Program - Research
Infrastructures Action” of the European
Commission. We performed a number of
lidar measurements of the atmospheric
backscatter coefficient profile, divided into
the following categories:

A. Regular climatological measure-
ments. In accordance with the project
timetable, these measurements were
performed on Mondays and Thursdays, in
good weather and in the absence of low
clouds and rain. On Mondays, two
measurements were performed — at noon
and at sunset. On Thursdays only one
measurement was performed at sunset.
The nighttime measurements are used to
study the evolution of the atmospheric
aerosol layers due to the day-night cycles
of the Earth, while the daytime

measurements were intended to explore
stable atmospheric stratifications. The
database comprising the atmospheric
backscatter profiles obtained from the lidar
measurements allow one to follow long-
term variations in the atmospheric
stratification that will be used in climate
studies and correction of the climate
models.

B. Lidar measurements under the
“Calipso QPQ” program. These measu-
rements were performed in coincidence
with  CALIPSO  overpasses.  Each
observation lasted for at least one hour
centered on the overpass time above or
near Sofia. The profiles calculated of the
atmospheric backscatter coefficient were
uploaded on the servers of the common
database in Hamburg, Germany. Two
daytime and two nighttime lidar
measurements were performed each
month. A powerful aerosol lidar installed
on the satellite is used to produce “top
down” aerosol profiling of the atmosphere
at two wavelengths, 1064 nm and 532 nm.
In conjunction with the ground based lidar
measurements of the EARLINET-ASOS
lidar stations, a complete image of the
atmospheric  stratification  can  be
constructed.

C. Measurements on alert for a specific
atmospheric event. In what concerns
aerosol lidars, such events are increased
aerosols loads in the atmosphere due to
forest fires, volcanic activities, dust
transportation from Sahara, etc. The
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EARLINET-community has established
and put into operation a system for alerting
the network stations about the existence of
favorable conditions for Saharan dust
transportation over the Mediterranean Sea
to Europe. The lidar groups are thus able
to perform measurements and share the
results to determine accurately the
transportation of Saharan dust aerosol on a
continental scale.

I. Grigorov and G. Kolarov

The “Aerosol Lidar with CuBr-vapor
Laser” research group fulfilled the
requirements for delivering experimental
data according to the three categories of
lidar measurements as described before.

A. Regular  climatological —measu-
rements — 53 measurements performed, 18
uploaded on the database (75 files).

B. Lidar measurements under the
“Calipso” program — 16 measurements
performed, all of them uploaded on the
common database (71 files).

C. Measurements on alert for a specific
atmospheric event — Saharan dust
transportation, 14 measurements, all of
them uploaded on the common database
(93 files).

G. Kolarov, 1. Grigorov and D. Stoyanov

An additional lidar channel was
developed with the purpose of detecting a
retro-diffused laser beam at wavelength of
5782 nm by wusing a narrow-band
interference filter (3 nm). Some lidar
measurements  using both  channels
simultaneously ~were performed and
different optical parameters of the
atmosphere ~ were calculated. These
measurements represent a study of the
performance of the lidar with Cu-Br vapor
laser, which generates a beam at two close
wavelengths, 510.6 nm and 578.2 nm with
nearly the same average power.

A study of the quality of the lidar
system alignment was performed using a

method developed in the EARLINET-
ASOS community by the lidar group at
LMU Munich and named “Quadrant Test”.
It consists in a sequential covering and
opening of a different quadrant of the
receiving  telescope  aperture  and
comparing the range-corrected lidar
profiles. Our results of the “Quadrant
Test” were assessed as good by the Quality
Assurance Network Activity Investigator.

I. Grigorov and G. Kolarov

At the 5-th EARLINET-ASOS
workshop in Thessalonica (27-29 Feb.
2008) all participants accepted the concept
that the files uploaded on the common
database would have to contain an
estimation of the error of measurement as
an additional data field. We developed an
algorithm for estimation of the lidar
measurements error for lidars with photon-
counting receiver system. As input data we
used the estimation of the error by Poisson
statistical method. Further, at each step of
the Fernald's algorithm applied for
calculating the aerosol backscatter
coefficient, an appropriate step in the
calculations of the error was performed.
Finally, together with the atmospheric
backscatter profile calculated, we also
obtained a profile of the lidar measurement
error estimated. Both data profiles were
saved in a net-cdf format file and prepared
to be uploaded on the database. This
algorithm was developed in MATLAB
environment and incorporated into the
«Lidar» software product that we use in
data processing.

Lidar measurements in the atmosphere

V. Grigorieva, N. Kolev, B. Kaprielov
and I. Kolev

The influence was studied of the
meteorological ~ parameters  of  the
atmosphere, such as solar irradiation,
temperature, humidity, wind speed and
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direction on the ground ozone
concentration. The measurements were
carried out in two locations Sofia: the
Institute  of  Electronics and the
Astronomical Observatory in Borisova
Gradina Park. The complex experiments
performed are a continuation of the
investigations of the effect of the dynamic
factors on the ground ozone concentration
during the development of the mixing
layer.

R. Nenchev, N. Kolev, Pl. Savov and
I. Kolev

The studies were continued of the
different layers in the planetary boundary
layer: the stable residual layer and the
mixing layer in spring-summer and
autumn-winter. Their heights and different
stages of formation in the case of “dry”
and “wet” convective boundary layer were
determined. The results were compared
with data calculated following Whiteman
and McKee model.

Ts. Evgenieva, N. Kolev, I. Kolev and
P. S. Devara

An experimental campaign in the
framework of an Indo-Bulgarian Project
was carried out in the period from October
1, 2008 to October 22, 2008. Two
Microtops II sun photometers, a Microtops
I ozone meter, a pyranometer (global
radiation measurements), an aerosol lidar
and an automatic meteorological station
were used. The measurements were
performed in two stages. The first one was
carried out in the IE, BAS, and was aimed
at calibrating the Microtops II sun
photometer owned by STIL, BAS, by
simultaneous measurements with the
Microtops II owned by IITM, Pune, and
comparison of the results. The Indian sun
photometer was calibrated in August 2008
in the USA. The second stage was the
significant part of the experiment and was
carried out in the region of IE, BAS and

AO. An aerosol lidar, an ozone meter, a
pyranometer and Microtops II sun
photometer and ozone meter were used in
the region of IE, BAS. A Microtops II sun
photometer and an automatic
meteorological station were used in the
region of AO. The experimental results
can be summarized as follows: The results
from the first stage of the autumn
campaign showed correlation R;,~0.9 in
the aerosol optical depth (AOD) values
obtained by the two sun photometers at the
same wavelength. The preliminary results
from the second stage of the campaign
when one of the sun photometers was in
the region of IE, BAS, and the other one,
in AO showed the following: in clear
sunny days the aerosol optical depth
values in the two regions were different in
the morning hours and close in the
afternoon when the mixing layer is
developed. In the region of AO the AOD
values were twice as high as these in the
region of IE, BAS.

Ts. Evgenieva, V. Grigorieva, N. Kolev
and I. Kolev

The investigations were continued of
the atmospheric aerosol optical
characteristics  during the formation
(development) of the planetary boundary
layer (PBL) by aerosol lidar and sun
photometer. The studies of the influence of
the PBL of the atmosphere on the ground
ozone concentration were also continued
as the particular meteorological parameters
in the region of IE, BAS and AO were
taken into account.

Ts. Evgenieva, N. Kolev and 1. Kolev

The data from Cimel 318 sun
photometer located on the roof of
ALOMAR were processed. The data were
juxtaposed with lidar data for the aerosol
layers structure in the entire troposphere.
Back-trajectory data at different heights
during the experiments will be included.
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Ts. Evgenieva, N. Kolev, I. Kolev, M. Gausa
(Norway) and V. Cachorro (Spain)

The measurements of the aerosol
optical depth and water vapor column in
the entire atmospheric layer were
continued. The Angstrom coefficients
were determined. An autumn experimental
campaign was carried out by using a lidar
and a Microtops II sun photometer in order
to determine the connections between the
heights of the PBL and the atmospheric
aerosol optical characteristics. The data
obtained wusing the Cimel 318sun
photometer located on the roof of
ALOMAR were processed. The data were
juxtaposed with tropospheric lidar data.
The results were presented at XIV ISQE
Burgas 2008. The results from the autumn
campaign with three sun photometers
Cimel 318, POM 01 u Microtops II carried
out in Belsk (Poland) were also presented
at XIV ISQE Burgas 2008.

V. Grigorieva, N. Kolev, B. Kaprielov,
PI. Savov and 1. Kolev

The studies were continued of the
influence of the height of the mixing layer
and the meteorological parameters of the
atmosphere (solar radiation, temperature,
humidity, wind speed and direction) on the
ground ozone concentration over an urban
area and a park area. The correlation was
found between the ground ozone
concentration and the incident solar
radiation and the height of the forming
PBL. The role of photochemical processes
was significant in the case of low mixing
height. When the mixing layer was rapidly
developing, the increase in the ground
ozone concentration was due to
photochemical processes and mixing with
higher ozone-rich layers during the
destruction of the residual layer. When the
mixing layer was fully developed, the
increase in the ground ozone concentration
was due to photochemical processes. The
connection the between meteorological

parameters (temperature, humidity, wind
speed and direction) and the ground ozone
concentration has a complex character and
depends on the region studied.

V. Grigorieva

Surface ozone variations in Sofia (near
the Institute of Electronics and near the
Astronomical Observatory) were analyzed
together with the dynamics of the
meteorological parameters including the
mixing layer height. The experimental data
show:

- During summer, the values of the
ozone concentrations within the two areas
differ considerably. It may be assumed that
this fact is caused by the different
concentrations of the ozone precursors
(volatile organic compounds and nitrogen
oxides), which take part in the
photochemical ozone formation.
Additional studies are needed to achieve a
better understanding of this fact.

- On the whole, during morning hours
the surface ozone concentration is
increasing synchronously with the mixing
layer development. The meteorological
situation, however, defines the
peculiarities of their dynamics.

- Analysis of the values of the surface
ozone concentrations and of the
meteorological parameters (for example,
solar radiation intensity, wind speed),
gives opportunity to identify the processes
defining ozone pollution in various
situations.

Z.. Peshev

Series of lidar measurements of the
optical properties of the surface of Vitosha
Mountain  northern slope and the
contiguous atmospheric layer were carried
out in order to study terrain-following air
flows and turbulent aerosol fields. The
measurements were conducted at five
slope angles. The lidar data was processed
statistically. The problem was solved of
the systematic error increase with the lidar
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range, which concerns the evaluation of
relative standard deviations of lidar
signals. At present, work on retrieving real
range profiles of relative standard
deviations is in progress, taking into
account fluctuations of both the laser
output power and noise.

2. Experimental and theoretical research
L. Gurdev, T. Dreischuh and D. Stoyanov

Two new approaches were developed
for determination of the electron
temperature in thermonuclear fusion
plasmas by using a Thomson scattering
lidar. They are based on an analysis of the
relativistic Thomson scattering spectrum.
One of them is based on the unambiguous
temperature dependence of the ratio of the
return-signal powers in two spectral
regions. The second approach is based on
the unambiguous temperature dependence
of the “center-of-mass wavelength” of the
lidar-return spectrum. Analytical
expressions were derived for the
corresponding random and bias errors in
the determination of the electron
temperature. Their validity was confirmed
by computer simulations assuming that the
characteristics of the fusion plasma and the
Thomson scattering lidar are similar to
those in the thermonuclear fusion reactor
JET, Culham Science Centre, UK. On the
basis of the theoretical expressions, a
comparison was performed between the
potential accuracies (efficiencies) of the
new methods and the routine fitting
approach. As a result, it was shown that
the new approaches have comparable
efficiency with the fitting approach. Thus,
the three (the fitting and the novel)
approaches may be used for mutually
validating the results obtained for the
electron temperature. They may also be
used for distinguishing the real
inhomogeneities in  the  recovered
temperature profiles from apparent ones
due to statistical fluctuations. Some
practical advantages of the novel

approaches consist in the simple, clear and
stable measurement procedure without any
hypotheses or other considerations about
the weight or the variance of the
experimental data or the goodness of the fit.

D. Stoyanov, T. Dreischuh and L. Gurdev

Detailed and
simulations ~ were
confirmed the efficiency of the
deconvolution  techniques we  had
developed for improving the range
resolution of the Thomson scattering lidars
when determining the electron
concentration and temperature profiles in
thermonuclear fusion plasmas.

comprehensive
performed  that

A. Deleva and Z. Peshev

The development of a powerful
Raman-aerosol lidar for laser monitoring
of the atmosphere simultaneously at
several wavelengths was completed. Two
additional spectral channels of the multi-
wavelength lidar receiving system were
equipped with the necessary apparatus and
put in operation. The developed
wavelength-separating module of the
system comprises three spectral channels:
two aerosol channels for detection of
elastic backscattered signals at 1064 nm
and 532nm and a Raman channel for
detection of inelastic backscattered signals
at 607 nm corresponding to the Raman-
shift wavelength of nitrogen molecules
with respects to the one of the sounding
laser radiation (532 nm). Atmospheric
measurements using simultaneously all
three spectral channels of the lidar were
carried out. Investigations in the frame of
EARLINET lidar network were conducted
simultaneously at two laser wavelengths
(1064 nm and 532 nm). The powerful
laser, the wide-aperture telescope, and the
highly-sensitive photo-receiving modules
made it possible to conduct lidar
atmospheric aerosol monitoring to heights
of more than 12 km. The lidar data was
processed to retrieve the vertical profiles
of the aerosol backscatter coefficient; the
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calculation error was estimated as well.
The development of the Raman-aerosol
lidar is supported by the following three
contracts: Contract F-1408 with Bulgarian
National Science Fund, Ministry of
Education and Science, Bulgaria; EC FP6
EARLINET  contract  RICA-025991;
Research contract for common scientific
investigations between Laser Radars Lab,
BAS, and Optics of Scattering Mediums
Lab of the Institute of Physics, NASB,
Minsk, Belarus.

T. Dreischuh, D. Stoyanov and L. Gurdev

The spatial parameters were studied of
scattered light in turbid media with
different degrees of turbidity and at
various depths. The measurements were
performed at two wavelengths (687 nm
and 850 nm). Collimated laser radiation
was used in the experiments in order to
avoid the effect of the input laser beam
structure on the optical fields measured.
The radial and in-depth distributions were
measured of the intensity of the forward-
scattered optical beam radiation in tissue-
like media. The influence of small
ingredients within the turbid media was
also analyzed. The optical properties of the
ingredients are different from those of the
surrounding turbid medium. Milk-water
mixtures were used as a test medium. The
intensity distribution within milk solutions
with concentrations ranging from 3.3% to
16.5% was measured to depths of more
than 10cm. The experimental results
indicate that the presence of small
ingredients within the phantom leads to
characteristic changes of the intensity
distribution. These preliminary results are
evaluated as promising for developing a
novel technique for determination of
optical characteristics of small embedded
ingredients in turbid media.

M. Danov

Some rock and mineral samples of
granite, schist, hematite, dacite, rhyolite
pumice, etc., were initially analyzed by

means of the experimental set-up for
spectral and spatial analysis of scattered
infrared radiation developed in the
Institute of Electronics. In order to
calibrate the system, a measurement was
performed of the scattering of a diffusive
standard made of gold-coated sandpaper.

The analysis performed allows one to
conclude the following:

e The samples with a naturally rough
surface — as hematite and schist - scatter
the incident infrared radiation in a way
very similar to that of a Lambertian
surface;

e A dense sample (granite) with a
smoothly sawed surface has a highly
pronounced specular component in its
scattering;

e The porous samples like rhyolite
pumice (with a smoothly sawed surface)
scatter diffusively despite the smooth
surface;

e Some samples with natural surface
like dacite scatter with high specular
component because of their specific
structure.

The results obtained by measurement
of angular rock scattering can be used to
develop algorithms for data processing in
the infrared remote sensing. The method
provides the possibility for estimation of
Lambertian surface emissivity, which is a
basic parameter in thermographic studies.

M. Danov

Methodology and experimental set-up
were developed for measurement of the
angular scattering by rock and mineral
samples in the thermal infrared band (7 -
14 um). In the experiment, an infrared
source was used, which was collimated by
means of NaCl lenses to produce a parallel
beam. After intensity modulation of the
beam, it was directed normally to the
surface studied and the scattered energy
was measured in five different directions
with respect to the surface normal using a
pyroelectric  detector. Phase sensitive
detection of the scattered signal was
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applied in order to enhance the sensitivity
and accuracy of the measurement. The
work is in progress with the aim to
optimize the experimental set-up and to
develop the software needed for
experimental data processing.

3. Signal processing
D. Stoyanov

Specialized original software was
developed and tested for deconvolution of
the electron temperature and electron
density profiles of thermonuclear plasma
in the Joint European Torus using the JET
CORE LIDAR data. The main interest
here was to retrieve the pedestals of the
temperature and density on the torus wall
in accordance with the goals of the
measurement campaign 2008-2009 in JET.

The deconvolution approach is
attractive in view of avoiding the
limitations imposed on the resolution by
the system parameters. It does not require
application of complicated hardware
modifications of the JET CORE LIDAR
system. Being an inverse problem, the
deconvolution is noise sensitive and
requires a careful analysis of the entire
lidar  performance. The  successful
application of deconvolution algorithms
assumes as a rule compromises between
the resolution improvement and the
tolerable noise level.

We demonstrated that the processed
deconvolved JET lidar profiles are of good
quality. These results provide for the first
time the opportunity to retrieve the
pedestals in the electron temperature and
density plasma profiles and to estimate
their basic parameters using JET CORE
lidar data.

T. Dreischuh, D. Stoyanov and L. Gurdev

In the framework of the EURATOM
program, we analyzed the core Thomson
scattering lidar data used in Joint European
Torus (JET) for determining the electron

temperature and density profiles of
thermonuclear plasma. In particular, a
software code for loading, calibrating and
processing raw lidar data was analyzed
and modified. The code itself and the
results obtained were compared with the
analysis code used presently at JET. We
are able now to produce ASCII files
containing the calibrated raw Thomson
lidar data used in the intershot analysis
code for determination of the plasma
temperature and density profiles and can
use them for testing the analysis codes
developed by us for plasma temperature
profile determination. In fact, the core
lidar raw data has already been used for
testing some deconvolution algorithms
developed in the Institute of Electronics.
The results obtained at this stage for
improving the range resolution of
temperature and density profiles are very
promising.

4. Lidar hardware & software
S. Penchev, V. Naboko and V. Pencheva

In the framework of National Science
Fund thematic programs of priority
research, the project: TKO01/0194 “New
magnetic and magneto- electric materials
for next generation electronic devices”
with participation of scientists of the Laser
Radars Laboratory in consortium with
other institutes of the Bulgarian Academy
of Sciences was approved in a highly
demanding competition. Our contribution
to the project is based on the development
of multispectral laser systems for
contactless measurement of the phase
transitions around the Curie point and for
structural analysis of magnetic
nanostructured materials by implementing
modulated optical reflectance and laser
heterodyne techniques.

We developed a differential absorption
lidar based on dichroic powerful laser
diodes using a modern design of automatic
operation and remote internet control. Data
acquisition and processing with the
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purpose of reducing the noise from the
peripheral devices of the lidar system was
accomplished in terminal server mode:

-A new avalanche photodiode
Hamamatsu S9251-10 with sensitive area
of 1 mm” and quantum efficiency of 70%
in the infrared region was introduced to the
optical tract.

- Lidar signals with peak values of 3 V
were matched to the input of a Freescale
MC9S08LC60 microcontroller, enabling at
present sounding of lidar paths over 2 km
at improved noise characteristics of the
detector tract.

- The interfering low-frequency noise
of the Ilidar system in the present
laboratory version limiting the lidar path
length was analyzed and several ways of
noise reduction were proposed. It was
shown that the prevailing noise correlates
with the background night-time
illumination modulated at 50 Hz.

S. Penchev, V. Naboko and V. Pencheva

We developed methods for optimizing
the dichroic laser diodes lidar, the optical
(photodetector- interference filter) and the
electronic (preamplifier- boxcar) systems,
as a solution of the task to increase the
lidar paths and, respectively, to reduce the
low-frequency noise unprocessed by
efficient averaging:

-Use of a modified wideband
interference filter of 60 nm spectral width;

- Optical set-up based on integral
elements and simultaneous
synchronization with both laser channel
wavelengths of the lidar.

- Advanced modulation of laser pulses
in series synchronized with the sample-
step of the boxcar for calibration of the
zero-line values of the signal, efficient
reduction of the background illumination
and the inherent low-frequency noise of
the boxcar.

- Realization of a new wideband low-
noise preamplifier in the photodetector
module of the avalanche photodiode.

- Modification of the laser
synchronization module operating with
two separate detector channels with two

separate boxcar-integrators.

- Modification of the high-voltage
source of the photodetector module to
increase the range of output voltages to
240V thus  matching the new
photodetector.

- Development of new  module
firmware for registration and processing of
boxcar output signals and their input to a
PC.

- Implementation of new interface of
the laboratory lidar system based on a
commercial microcontroller and a 12-bit
ADC for registration of the lidar signals
and control of laser diode operation.

V. Naboko and V. Pencheva

Selective  powerful  light-emitting
illuminators in the red and blue spectrum
were developed for investigation of
chlorophyll in a biological experimental
setup. Its realization is part of an
international project with the Institute of
Plants Physiology of the Bulgarian
Academy of Sciences. The devices were
tested and power calibrated by
illumination of the sampled surface at
several different separation positions of the
illuminators.

R. Nenchev

Software was developed for lidar data
processing by ADC type LA-N20-12PCIL.

PUBLICATIONS:

1. Gurdev L L, Dreischuh T N,
On an approach for improving the
range resolution of pulsed coherent
Doppler lidars,
J Modern Optics 2008;55/9:1441-62.
2. Evgenieva Ts, Kolev N, Iliev I,
Kolev I,
Investigation of the atmospheric
aerosol optical characteristics by
active and passive remote sensing
over Sofia, 2008,
Comptes Rendus Acad Bulg Sci
2008;61/6:721-26.



64 Laboratory Laser Radars

3. Kolev N, Grigorieva V, Savov P, 9. Grigorov I V, Kolarov G V,
Kaprielov B, Kolev I, Stoyanov D V,

The influence of the boundary layer Lidar measurements of Saharan dust
development on the ozone transportation over Sofia,
concentration over urban area, Proc SPIE 2008;7027:70270X.

Int J Remote Sensing 2008;29/7:1877-1902. 10. Deleva A D, Grigorov I V, Avramov L A,

4. Evgenieva Ts, Kolev N, Iliev I, Mitev V A, Slesar A S, Denisov S,

Kolev I, Raman-elastic-backscatter lidar for
Aerosol optical depth determination observation of tropospheric aerosol,
by combination of lidar and sun Proc SPIE 2008;7027:70270Y.
photometer, 11. Mitev V A, Deleva A D, Grigorov IV,
Proc Int Conf Nucleation and Remote velocity measurements of
Atmospheric Aerosols pp 1159-63, atmospheric  inhomogeneities by
DOI 10.1007/978-1-4020-6475-3, imaging and  statistical  data
Springer Publ 2008, The processing,

Netherlands. Proc SPIE 2008;7027:702712.

5. Papayannis A, Amiridis V, Mona L, 12. Evegnieva Ts, Iliev I, Kolev N,
Tsaknakis G, Balis D, Bosenberg J, Sobolewski P, Pieterczuk A, Holben B,
Chaikovski A, De Tomasi F, Kolev I,

Grigorov I, Mattis I, Mitev V, Optical characteristics of aerosol
Miiller D, Nickovic S, Pérez C, determined by Cimel, Prede and
Pietruczuk A, Pisani G, Ravetta F, Microtops II sun photometers over
Rizi V, Sicard M, Trickl T, Wiegner M, Belsk (Poland),

Gerding M, Mamouri R E, D'Amico G, Proc SPIE 2008;7027:70270V.
Pappalardo G, 13. Kolev N, Evegnieva Ts, Blindheim S,
Systematic lidar observations of Lahnor B, Mogo S, Berjon A,
Saharan dust over Europe in the Rodriguez E, Stebel K, Cachorro V,
frame of EARLINET (2000-2002), Gausa M, Kolev I,

J Geophys Res 2008;113:D10204. Summer lidar measurements in the

6. Gurdev L L, Dreischuh T N, troposphere over Alomar, Norway, 2007,
Stoyanov D V, Proc SPIE 2008;7027:70270W.
Potential accuracies of some new 14. Danov M, Stoyanov D, Petkov D,
approaches for determination by Directional reflectance approach for
Thomson scattering lidar of the emissivity estimation,
electron temperature profiles in Proc SPIE 2008;7027:702713.
thermonuclear plasmas, 15. Grigorieva V, Kolev N, Donev E,
Proc SPIE 2008;7027:702711. Ivanov D, Kaprielov B, Kolev I,

7.  Bliznakova I, Vankov O, Dreischuh T, Lidar boundary layer observations
Avramov L, Stoyanov D, and ozone measurements in Sofia,
Spatial distribution of laser beam Bulgaria,
spreading in turbid tissue-like media Proc SPIE 2008;7027:70270Z.
containing ingredients, 16. Pappalardo G, Bosenberg J, Amodeo A,
Proc SPIE 2008;7027:702719. Ansmann A, Apituley A, Arboledas L A,

8. Kolarov G V, Grigorov [ V, Balis D, Bockmann C, Chaikovsky A,
Stoyanov D V, Comeron A, D’ Amico G,

Estimation of the ratio of aerosol to
molecular backscattering by two
closely disposed wavelengths using
CuBr LIDAR sounding (510.6nm, 578 2nm),
Proc SPIE 2008;7027:702710.

Freudenthaler V, Gigorov I, Hanson G,
Linn¢ H, Mattis I, Mona L, Miiller D,
Mitev V, Nicolae D, Papayannis A,
Perrone M R, Pietruczuk A, Pujadas M,
Putaud J-P, Ravetta F, Rizi V,


https://commerce.metapress.com/content/n37317/?p=395b5461a1724b4097f7108a0c5b310f&pi=0
https://commerce.metapress.com/content/n37317/?p=395b5461a1724b4097f7108a0c5b310f&pi=0
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17.

18.

19.

20.

Simeonov V, Spinelli N, Trickl T,
Wandinger U, Wiegner M,
EARLINET for long term
observations of aerosol over Europe,
Proc 24™ Int Laser Radar Conf,
pp 711-14, June 2008, Boulder,
Colorado, USA.

Mattis I, Miiller D, Baars H, Tegen I,
Meier J, Mona L, Pappalardo G,
Amodeo A, D’Amico G, Stohl A,
Wang X, Menendez F M, Sicard M,
Rodriguez A, Baldasano J M,
Grigorov I, Giannakaki E, Arboledas L A,
Guerrero Rascado J L, Perez C,
Apituley A, Gustafsson O,
Complementary use of EARLINET,
CALIPSO, and AERONET
observations: case study July 2006,
Proc 24™ Int Laser Radar Conf,
pp 1121-24, June 2008, Boulder,
Colorado, USA.

Kolev N, Gigorieva V, Kolev I,
Devara P C S, Raj P E, Dani K K,
Lidar, sunphotometer and
ozonemeter measurements of urban
boundary layer of the atmosphere
over Sofia-Bulgaria,

Proc 24™ Int Laser Radar Conf
pp 947-50, June 2008, Boulder,
Colorado, USA.

Evgenieva Ts, Tatarov B, Kolev N,
Iliev I, Savov P, Kaprielov B, Kolev [,
One year measurements of aerosol
optical depth during development of
the atmospheric boundary layer over
urban area (Sofia-Bulgaria),

Proc 24™ 1Int Laser Radar Conf
pp 951-54, June 2008, Boulder,
Colorado, USA.

Devara P C S, Saha S K, Raj P E,
Dani K K, Kolev N, Savov P, Kolev I,
Microphysical  characteristics  of
aerosols and their relationship with
surface meteorological parameters
over Sofia, Bulgaria,

Proc 24™ 1Int Laser Radar Conf
pp 979-82, June 2008, Boulder,
Colorado, USA.

21.

Pencheva V, Naboko V, Zubov P,
Penchev S,

Laser system for photothermal
nondestructiv material analysis,

Proc 8" Int Conf Solid State
Chemistry and Modern Micro- and
Nano-techologies pp 110-12,
September 2008, Kislovodsk, Russia.

EUROPIAN PATENTS:

1.

Stoyanov D, Dreischuh T, Gurdev L,
Vankov O, Avramov L, Borisova E,
Bliznakova I,

Method for determining optical and
spatial characteristics of an inclusion
in a turbid medium using multiple-
scattering optical tomography,
European Patent No 2007P24470EP;
Date of filing - 13 August 2008;
Applicant - Siemens Aktiengesellschaft,
Germany, Application No. 0801107.04-1265.
Stoyanov D, Dreischuh T, Gurdev L,
Vankov O, Avramov L, Borisova E,
Bliznakova I,

Apparatus for determining optical and
spatial characteristics of an inclusion
in a turbid medium using multiple-
scattering optical tomography,
European Patent No 2008P07934EP;
Date of filing - 10 November 2008;
Applicant - Siemens Aktiengesellschaft,
Germany, Application No 08019605.8-1265.

CONFERENCES:

1.

2.

Iliev I, Evgenieva Ts, Kolev N, Savov Pl,
Kolev I,

Determination of aerosol optical
characteristics in the troposphere by
Sun photometer and lidar,

4™ UN/ESA/NASA Workshop Int
Heliophysical Year and Basic Space
Sci, June 2008, Sozopol, Bulgaria.
Evgenieva Ts, Kolev N, Blindheim S,
Mogo S, Berjon A, Rodriguez E,
Gausa M, Kolev I,

Summer lidar measurements in the
troposphere over ALOMAR, Norway
(2007),

Alomar ARI 6™ FP User Meeting,
May 2008, Nessebar, Bulgaria.
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Danov M, Stoyanov D, Petkov D,
Borisova D,

Some methodologies for spectral
emissivity measurement of rocks and
minerals,

Fundamental Space Research,
Sept 2008, Sunny Beach, Bulgaria.
Danov M, Stoyanov D, Petkov D,
Simple methodologies for spectral
emissivity measurement of rocks,

37" COSPAR Sci  Assembly,
July 2008, Montreal, Canada.
Gogosheva Ts, Grigorieva V, Kolev S,
Mendeva B, Videnov P, Petkov B,
Krastev D,

Long-term dynamics
ozone over Bulgaria,
37" COSPAR Sci  Assembly,
July 2008, Montreal, Canada.
Gogosheva Ts , Grigorieva V,
Kolev S, Mendeva B, Videnov P,
Petkov B, Krastev D,

Investigations of the total ozone in
Bulgaria,

Quadrennial Ozone  Symposium,
June—July 2008, Tromso, Norway.
Mendeva B, Gogosheva Ts, Grigorieva V,
Donev E, Ivanov D, Kolev N, Savov P,
Krastev D,

Observations of the atmospheric
ozone, PBL aerosol structure and
meteorological parameters during the
solar eclipse of March 29 2006 in
Bulgaria,

4™ UN/ESA/NASA Workshop Int
Heliophysical Year and Basic Space
Sci, June 2008, Sozopol, Bulgaria.
Bliznakova I, Vankov O, Dreischuh T,
Avramov L, Stoyanov D,

On the structure of multiple scattered
fields in turbid medium in dependence
on the wavelengths and medium

of the total

parameters,

BioPhotonics and Imaging Graduate
Summer  School (BIGSS® 08),
Aug-Sept 2008, Ballyvaughan,

Co. Clare, Ireland.

Evgenieva Ts, Kolev N, Blindheim S,
Lahnor B, Mogo S, Berjon A,
Rodriguez E, Cachorro V, Stebel K,
Gausa M, Kolev I,

Lidar and sun photometer
measurements of the atmospheric
aerosol  structure and  optical
characteristics over ALOMAR,
Norway,

11™ Winter Seminar of the Ph.D.
Students and Young Scientists from
the Institutes of Physics, Bulgarian
Academy of Sciences, December
2008, Vitosha, Bulgaria.

ONGOING RESEARCH PROJECTS:

Financed by the National Science Fund of
the Republic of Bulgaria

1.

Ph-1408 Development of powerful
Raman lidar for sounding the
molecular components in the low and
middle atmosphere.

ES-1406  Peculiarities of ozone
variations and investigation of
processes, responsible for their
existence.

Ph-1511 Lidar methods for high
resolution probing of inhomogeneities
objects by optical and gamma
radiation.

YS Ph-1510 Simulated and
experimental investigations on
retrieving of time-resolved profiles at
dynamic photon fluxes in laser radars.
ES YS -1502/05 Investigation of
emission and reflectance
characteristics of mixed spectral
classes of rocks and minerals.
TS-1523/05 Effects of atmospheric
turbulences on the parameters of :
laser communication systems in open
media; lidar and radiometric systems
for ecomonitoring; systems for
analysis of optical images of natural
(inc. space) objects.

NIF - IF-00-121/06
optoelectronic  system for
tomography.

Collaboration with Siemens MS AG,
Germany.

Laser
optical
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Financed by the Steering Council of the
Bulgarian Academy of Sciences

1.

e

Raman lidar by Nd:YAG laser for

remote  sensing of  atmospheric
parameters.

Remote determination of some
statistical characteristics of non-

uniform media by image processing.
Lidar Methods for determination of
planetary boundary layer heights.
Investigation of orographic
disturbances in the atmosphere above
the city of Sofia by lidar probing of
the vertical aerosol layers distribution.
Lidar tomography.

Lidar monitoring of atmospheric
gaseous components by powerful
pulsed diode lasers.

Ozone variations in the low
atmosphere in different temporal
scales.

European projects

1.

European Aerosol Research Lidar
Network:  Advanced  Sustainable
Observation System, EARLINET -
ASOS, FP6, 2006-2011. Contract
Number 025991
(http://www.earlinet.org).

Improving the resolution of Thomson
scattering LIDARs by application of
novel deconvolution—based algorithms,
2.2. Plasma diagnostics, Task 2.2.2,
FP7, EURATOM, EFDA - IJET,
Culham, UK.

Aerosols and Clouds. Long Term data
base from  Space-borne  Lidar
Measurements. CALIPSO Program,
European Space Agency, ESA.

IvKo35 — ALOMAR (Norway), Study
of the structure and optical
characteristics of atmospheric aerosol
in the troposphere by active and
passive remote sensing (lidars and
radiometers).

COLLABORATIONS:

1.

Optical remote sensing studies of the
atmospheric boundary layer
characteristics using laser radar,
Institute of Tropical Meteorology,
Pune, India (in the framework of the
Indo - Bulgarian inter-governmental
program of cooperation in Science &
Technology, Grant Ne INT/Bulgaria).
Optical, gamma and MW remote
characterization of dynamic small-size
submicron structured systems in life-
sciences and industry,

University of Liege, Belgium.
Advanced lidar technologies for
tropospheric aerosol studies,

Istituto di Metodologie per 1’Analisi
Ambientale, CNR, Italy.

Lidar investigation of aerosol fields
transformations in urban industrial
zones,

Institute  of  Physics,  National
Academy of Belarus, Minsk, Belarus.
Experiments of optical tomography,
Siemens Medical Solutions AG,
Germany.

AWARDS:

PhD student Evgenieva Ts,

ISQE"2008 prize for poster presentation of
the contributed paper entitled Summer
lidar measurements in the troposphere over
Alomar, Norway (2007).
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LABORATORY

MICROWAVE REMOTE SENSING

HEAD: Assoc. Prof. B. Vichev, Ph.D.

TOTAL STAFF: 12
RESEARCH SCIENTISTS: 11
Prof. Z. Genchev, Dr.Sc.; Assoc. Prof. M. Mikhalev, Ph.D.; Assoc. Prof. V. Atanassov, Ph.D.;
Assoc. Prof. O. Yordanov, Ph.D.; Assoc. Prof. N. Nedeltchev, Ph.D.; Assoc. Prof. I. Sirkova, Ph.D.;
E. Krasteva, Ph.D.; I. Atanasov, PhD; K. Kostov; L. Mladenov; L. Vulkova.

RESEARCH ACTIVITIES:

1. Microwave radiometers for remote
sensing applications

The radiometric research activities
were performed under the Bulgarian-
Vietnamese joint research project “Design
and development of a Dicke-type
microwave X-band radiometer and its
utilization for environmental
investigations”, concluded for the period
2008-20009.

The circuit diagram of an X-band
modulation  (Dicke-type) = microwave
radiometer — type XRM (center frequency
from 10.8 to 11.1 GHz) was proposed and
implemented. The XRM-radiometer was
developed jointly with ES com Ltd.
Special attention was paid to: (i) step
tuning of the center frequency of the
radiometer and out-of-band suppression of
strong signals using a band-pass filter for
reducing the effects of man-made
interference; (i) double system for
controlling the temperature of the
reference matched load for reducing the
influence of temperature fluctuations. A
microcontroller unit was developed for
radiometer control and data acquisition,
incl. displaying various types of data on
liquid-crystal display and data transfer to a
personal computer via USB port.

The fluctuation sensitivity of 0.2 K and
long-term stability of 0.3 K obtained met
the requirements for remote sensing and
monitoring of natural objects and

ecosystems. The XRM-radiometer was
highly appreciated by our Vietnamese
colleagues.

The radiometer could be a valuable
tool for ecosystem monitoring, especially
for remote sensing of surface soil
moisture, vegetation and sea surface
environment in Bulgaria and Vietnam [1].

2. Physics of electromagnetic interactions
in layered media

The lifetime of an atom changes when
it is placed near a mirror or between two
parallel mirrors. This is associated with the
zero-point fluctuations of the vacuum
electromagnetic field at zero temperature.
Our calculations are based on the
quantum-mechanical linear-response
formalism in the dipole approximation.
The electromagnetic Green’s function is
derived analytically for two identical
parallel plates having finite thicknesses. In
[2] we calculated the decay rate shift for
an atom fixed in the gap between these
two plates. Prism coupling in the
Kretschmann configuration is a well-
known method for excitation of surface
plasmon polaritons (SPP’s) in a metal film
bounded from one side by a prism and
from the other side by air. The analysis of
the reflectance in the upper medium
(prism) is based on the well known
Fresnel’s formula. Due to the fact that this
formula can not be inverted directly to
give the complex dielectric permittivity
and the thickness of the metal film from



Annual Report IE 2008

69

measured values of the reflectance at three
or more different angles of incidence, an
additional analysis is needed. Such an
analysis was presented in [3]. The special
case of illumination with He-Ne laser
(A =632.8 nm) of a silver film bounded
by air was considered. A new asymptotic
formula for the Lorentz dip was derived.
Our experimental data for the silver film
were reported too.

3. Emergent structures and collective
behavior in extended and distributed
chaotic systems

Anisotropy and scaling properties of
YBa,;Cu307 thin films grown on a SrTO;
substrate by pulsed laser deposition were
studied by using two-point, two-
dimensional statistical functions [4]. It was
found that films whose deposition
conditions differ by the pulse deposition
rate and the chemical treatment of the
substrate have significantly different
anisotropies and scaling intervals. This
was interpreted as branching of initially
identical growth mechanisms into two
modes. The branching occurs at lateral
scales of about 80 nm and above [4].

Immiscible binary CuCo and ternary
AgCuCo clusters with  icosahedral
structures were studied using simulation
methods. In particular, the effect of size
and composition on melting was revealed

[5].

4. Simple and extended chaotic systems
in natural environments and man-
fabricated structures.

Part of the laboratory changed its field
of activities and directed its efforts to
research related to chaos, chaotic
oscillators and chaos communications.
Computer codes were developed to assist
the qualitative studies of the mathematical
models and for numerical simulation of
finite dimensional chaotic systems. A

method for ascertaining the emergence of
chaotic states based on the evaluation of
all Lyapunov exponents was implemented;
a specially tailored method for statistical
characterization of chaotic time series,
which includes both single- and two-point
statistics, was developed and implemented.
On this basis, proposals for funding were
submitted to national and European
funding agencies.

PUBLICATIONS:

1. Vichev B I, Kostov K G,

Low-budget microwave radiometers
for remote sensing of environment,

Proc Nat Conf Electronica 2008,
pp 213-18, May 2008, Sofia, Bulgaria.

2. Genchev Z D Nedeltchev N M,

Decay rate shift in an atom fixed in the
gap between two parallel plates,
Nanoscience &  Nanotechnology
2008;8:25-7.

3. Genchev Z D Nedeltchev N M,
Mateev E, StoyanovH Y,

Analytical approach to the prism
coupling problem in the Kretschmann
configuration,

Plasmonics 2008;3/1:21-6.

4. Vulkova L A, Balasubramanian U,
Atanasov I S, Barber Z H, Yordanov O I,
Anisotropy and approximate scaling
OfYBa2CU3O7
J Phys: Conf Series 2008;113:012015.

5. Dzhurakhalov A A, Atanasov I S, Hou M,
Calculation of binary and ternary
metallic immiscible clusters with
icosahedral structures,

Phys Rev B 2008;77:115415.

6. Sirkoval,

Proposal for a reference scenario
relevant to coastal and maritime
regions,

COST 2100 4™ MCM, Feb 2008,
Wroclaw, Poland, p 6,
http://www.cost2100.org.


http://www.cost2100.org/

70

Laboratory Microwave Remote Sensing

ONGOING RESEARCH PROJECTS:

Financed by the National Science Fund

BV-3/07 Design and development of a
Dicke-type microwave X-band radiometer
and its utilization for environmental

investigations.

COLLABORATIONS:

Design and development of a
microwave X-band radiometer Dicke-type
and its utilization for research natural
resources and environment,

Institute of Space Technology -
Vietnamese Academy of Science and
Technology, Hanoi, Vietnam.

LABORATORY VISITS:

I. Sirkova,
4™ MCM of Action 2100 of European
program COST, Wroclaw, Poland.

I. Sirkova,
Independent projects reviewer of IST
Program, Brussels, Belgium.

O. Yordanov,
Kick-off meeting of European program
COST, Brussels, Belgium.

I. Atanasov,
Universite Libre de Bruxelles, one year,
Belgium.

GUESTS:

Dr. Doan Minh Chung,
Deputy Director, Space Technology
Institute (STI), Vietnamese Academy of
Science and Technology (VAST) -
07-13.06 2008 & 06-15.11.2008.
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LABORATORY

MICROWAVE MAGNETICS

HEAD: Prof. 1. Nedkov, Dr.Sc.

TOTAL STAFF: 9
RESEARCH SCIENTISTS: 7
Assoc. Prof. K.G. Grigorov, Ph.D.; Assoc. Prof. T. Koutzarova, Ph.D.;
S. Kolev, Ph.D.;Ch. Ghelev; T. Merodiiska; T. Beneva; L. Slavov.

Ph.D. student: P. Lukanov.

RESEARCH ACTIVITIES:

The Microwave Magnetic Laboratory
has long years of experience in studying
the processes of electromagnetic radiation
interaction with magnetic media.

The rapid development of the
nanotechnologies allowed the preparation
of nanosized magnetic particles, which in
turn opened possibilities for applications
of monodomain and superparamagnetic
hybrid structures in electronic
components. The laboratory’s research
activities  have  always been  of
interdisciplinary nature and in the past
year were focused on the preparation of
monodomain particles of Ba hexaferrite,
which is a model highly anisotropic
crystalline structure. A methodology was
developed allowing the preparation of
hexagonal ferrite powders with average
particles size of 100 - 300 nm. These were
used to developed composite coatings
containing  two  magnetic  phases
encapsulated in a non-magnetic polymer
matrix. The interaction was studied of
these structures with microwave
electromagnetic fields in a wide frequency
range. Magnetic shielding structures were
fabricated with attenuation exceeding
15dB in the cm-range. Interest for
applications was showed by Sky-Gate
Company.

Data were obtained on the blocking
temperature of nanosized magnetite and on

the  structural  changes on  the
nanoparticle’s surface, which determine
the  “superparamagnetic  limit”  for
application in electronic components.
These data may be of importance in the
miniaturization of magnetic recording
nano-elements.

A new field in the laboratory’s
research activities was studying of
ferrofluids and the contribution of
superparamagnetic nanoparticles to the
effect of hyperthermia caused by the fluid
interaction with RF electromagnetic fields.
Based on superparamagnetic magnetite,
functional fluids were prepared with
controlled hyperthermia temperature. The
magnetite material was the object of a
patent obtained in 2008.

PUBLICATIONS:

1. Kolev S, Koutzarova T, Yanev A,
Ghelev Ch, Nedkov I,
Microwave properties of polymer
composites containing combinations
of micro- and nano-sized magnetic
fillers,
J Nanosci Nanotechnol 2008;8:650-654.
2. Koutzarova T, Kolev S, Grigorov K,
Ghelev Ch, Nedkov I, Ausloos M,
Cloots R, Milarz T, Zaleski A,
Nanosized barium hexaferrite powders
obtained by a single microemulsion
technique,
Solid State Phen 2008;140:55-60.
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Koutzarova T, Kolev S, Ghelev Ch,
Grigorov K, Nedkov I,

Chapter 10: Structural and magnetic
properties and preparation techniques
of nanosized M-type hexaferrite powders,
Advances in Nanoscale Magnetism,
Springer Proc in  Phys 122
(Proc. ICNM-2007), Eds Aktas B and
Mikailov F, Springer Berlin Heidelberg
(2008) pp 183-203.

Nedkov I, Vandenberghe RE,
Tailhades Ph,

Chapter: Nanostructured magnetite for
biomedical applications,
Nanomedicine Sci and Engin, Eds
Shulz M, Shanov V, Yeo Heung Yun,
Artech House Publisher, USA, (2008).
Nedkov I, Slavov, L, Merodiiska, T,
Lukanov, P, Tailhades, P, Gougeon M,
Vandenberghe RE,

Size effects in monodomain magnetite
based ferrofluids,

J Nanoparticle Res 2008;10:877-880.
Ivanova V, Kashchieva E, Dimitriev Y,
Merodiiska T,

Glass-crystalline composite materials
with participation of CoFe,O4 and
CuFe,04 particles,

Proc Int Conf Unitech 08 pp 516-8.
Ivanova V, Kashchieva E, Merodiiska T,
Dimitriev Y,

Composite  materials based on
TeO,-B,03-Fe,O3  glass and Fe
containing nanoparticles,

Proc 9™ Workshop on Nanostructured
Materials Application and Innovation
Transfer, Eds Balabanova E, Dragieva I,
Heron Press Ltd, pp 278-81, 2008.
Guerassimov N, Moller W, Ghelev Ch (Eds)
Proc Fifteenth Int Summer School on
Vacuum, Electron and Ion Technol,

J Phys: Conference Series 2008:113
(55 papers).

Guerassimov N, Ghelev C (Eds),
Institute of Electronics Annual Report
2007, 114 pages, Sofia, Bulgaria, 2008.

PATENTS:

Nedkov I, Merodiiska T,
Patent Ne 65609 Method for preparation of
nanosized ferrite particles.

ONGOING RESEARCH PROJECTS:
Financed by the National Science Fund

Project HT — 1-01/2003 Nano-structures
for microwave and optical measurements.

Financed by other funds

Exploring the possibilities of using water-
based ferrofluids as systems for targeted
drug delivery in cancer treatment,

financed by WFS scholarship (2008-2009).

COLLABORATIONS:

1. Nanostructured ferroxide powders for
biomagnetic applications,
University of Gent, Gent, Belgium.

2. Optical and microwave remote charac-
terization of dynamic small-size
submicron-structured systems in life
sciences and industry,

University of Liege, Liege, Belgium.

3. Les fluides et les composites
superparamagnetiques  pour  des
applications biomagnetiques et
electroniques,

University P. Sabatier, Toulouse,
France.

4. Magnetic interactions in nanoscale
ionic crystals at high magnetic fields.
Ferrofluids and composites for
biomedical and electronic applications,
Forschungszentrum Dresden-Rossendorf,
Hochfeld-Magnetlabor Dresden,
Germany.

5. Surface anisotropy and magnetic
behavior in superparamagnetic
ferroxides particles with two and more
magneto-crystalline sublattices,
Institute of Low Temperatures and
Structure Research, PAN, Wroclaw,
Poland.
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6. Magnetic Structural and Microwave
properties of new thin films composite
materials,

Instituto Tecnologico de Aeronautica
(ITA), Brazil.

LECTURE COURSES:

Prof. Dr. I. Nedkov, Magnetism and
magnetic materials, 20 hours, University

of Chemical Technology and Metallurgy,
Sofia.

LABORATORY VISITS:

Prof. I. Nedkov — National Technical
Institute of Greece, expert assessment of a
project in the field of microwave absorb-
ing structures, 5 days.

Prof. 1. Nedkov - University of Gent,
Belgium, Joint Research Project between
IE-BAS and Gent University, Belgium
“Nano-structured ferroxide powders for
biomagnetic applications”, 14 days.

Assoc. Prof. K. Grigorov - Institute of
Low  Temperatures and  Structure
Research, PAN, Wroclaw, Poland, Joint
Research Project between IE-BAS and
Institute of Low Temperatures and
Structure Research, PAN, Wroclaw,
Poland “Surface anisotropy and magnetic
behavior in superparamagnetic ferroxides
particles with two and more magneto-
crystalline sublattices”, 20 days.

Assoc. Prof. K. Grigorov — Instituto
Tecnologico de Aeronautica (ITA), Brazil,

“Magnetic  Structural and microwave
properties of new thin films composite ma-
terials”, 6 months.

Dr. T. Koutzarova — University of
Liege, Belgium; “Optical and microwave
remote characterization of dynamic small-
size submicron-structured systems in life
sciences and industry”, 14 days.

P. Lukanov - Paul Sabatier University,
Toulouse, France, RTN ‘‘CARBIO’’, 12
months.

GUESTS:

Prof. R. Vandenberge from University
of Gent, Belgium, 14 days, Joint Research
Project “Nanostructured ferroxide powders
for biomagnetic applications” between IE-
BAS and Gent University, Belgium.

Prof. A. Zaleski from Institute of Low
Temperature and Structure Research, Po-
land, 8 days, Joint Research Project “Sur-
face anisotropy and magnetic behavior in
superparamagnetic  ferroxides particles
with two and more magneto-crystalline
sublattices” between IE-BAS and Institute
of Low Temperatures and Structure Re-
search, PAN, Wroclaw, Poland.

Hideki Hashimoto from Departament
of  Material  Chemistry,  Okayama
University, Japan, 7 days.

Dr. Marcela Achimovicova from Insti-
tute of Geotechnics, Slovak Academy of
Sciences Kosice, Slovakia, 1 day.
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LABORATORY

MICROWAVE SOLID STATE ELECTRONICS

HEAD: Assoc. Prof. Andrey Yanev, Ph.D.

TOTAL STAFF: 9
RESEARCH SCIENTISTS: 8
Assoc. Prof. N.M. Nikolov, Ph.D.; M. Taslakov, Ph.D.; P. Zubov, Ph.D.; B. Simeonova, Ph.D.;

A. Enikova; V. Ranev; L. Kokonchev; K. Markov.

1. Out-of-phase summation of the power
of a MW transistor amplifier

The characteristics were calculated and
experimentally investigated of a MW
transistor power amplifier that makes use
of out-of-phase summation of the power of
two transistors (a push-pull circuit) in the
1.7 - 2.7 GHz frequency range. The key
component that determines the amplifier’s
efficiency and the output signal’s
nonlinear distortions is the device dividing
out-of-phase the input signal’s power and
adding the out-of-phase signals at the
output. The divider-combiner most widely
used in practice is based on transformers
of the long-line type, in particular, a
quarter-wave piece of a coaxial line. For
this device, the phase error and the losses
are + 10°dB and —1 dB, respectively,
within a frequency band of less than one
octave. The theoretical studies of the new
structure for a divider-combiner proposed
by us and consisting of two quarter-wave
coaxial transformers showed a frequency-
independent 180° phase balance. The
frequency band is determined by the
matching at the device’s input and outputs.
The experimental studies in the 0.2 -
5GHz range demonstrated that the
divider-combiner structure considered has
losses <1 dB and SWVR at the input and
outputs <2.5:1 in a frequency band
exceeding three octaves. The phase
difference between the signals at the two
outputs is 180° +2°. The error in the out-
of-phase division of the input signal is due

to the design asymmetry in the output
transmission lines.

The power amplifier’s characteristics
were calculated by using the small-signal
S-parameters of the transistor used. The
input and output matching circuits have
the characteristics of a low-frequency filter
and are implemented by means of a micro-
strip technology. A frequency-dependent
resistive circuit at the amplifier’s input is
used to increase the amplifier’s stability
and to compensate for the gain slope
within the frequency band. The
experimental measurements yielded a gain
of 10 dB with flatness 0.9 dB and
summation efficiency exceeding 90 %.
The output power at 1 dB gain
compression is within the 40 - 60 W
interval with efficiency of about 50 % and
second-harmonic power lower by 36 dB
than the fundamental signal power. The
results of these studies can find
applications in the development of high-
power mobile communications equipment,
such as high-power broadband (exceeding
one octave) transmitters.

2. LED based NO; DOAS for open path
measurements

A high-performance NO, monitor was
developed for long open-path
measurements based on a powerful blue
(450 nm) light emitting diode (LED). NO,
is one of the main air pollution
components in urban, road and industrial
areas. The NO;, monitoring and control is
very important for air quality. At present,
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NO,; is measured mainly by point
monitors, which cannot average data over
a long path. Another method used is
differential optical absorption
spectroscopy (DOAS). This method yields
averaged data. Classical DOAS employs a
Xe lamp requiring a high-power, high-
voltage supply that has a short lifetime and
high price. Our system employs 3 W LED
as a light source. The high spectral density
of the emitted light and the relatively small
emitting area makes LEDs very suitable
sources for DOAS.

The main advantages of the LEDs as a
light source in DOAS are:

-very low supply power (3W,
compared to 150-1000 W for a Xe lamp,

- low operating voltage (less than 4 V),
compared to about 20000V ignition
voltage of a Xe lamp,

- lifetime of about 50000 hours,
compared to 500-2000 hours of a Xe lamp,

- price of a few Euro, compared to a
300 Euro for a Xe lamp.

The LED based DOAS consists of a
parabolic mirror used as a LED light
collimator as well as an incoming light
collector. The setup used is the so called
monostatic setup, which means that the
light source (LED) and the receiver
(spectrophotometer) are on one side of the
path. The advantage of this setup is that all
active devices requiring power supply are
on the same side of the path. Another
advantage is the increased sensitivity due
to the doubling of the light path. A corner
cube retroreflector is placed at the other
side of the open path in air. The
retroreflector reflects the incident light
precisely back to the source. A distance of
more than 500 m (more than 1000 m
folded path) is covered. This distance does
not represent the limit of the system and
can be extended to a few kilometers. The
column density measured is in the range of
1-2 ppm.m to more than 1000 ppm.m This
column density is equivalent to a
measuring range of 1-2 to 1000 ppb within
a folded path of 1000 m, which covers all
practical need of NO, measurements. The
response time of the system is about 1 s or

less, which makes it suitable for fast real
time measurements.

The system can be used as NO;
monitors in urban areas, road tunnels,
industrial regions and everywhere NO,
monitoring is important.

3. High-quality conversion of electric
energy by means of power electronic
converters

Theoretical models were developed of
the current consumed from a three-phase
A.C. chopper by D-connected gate turn-off
thyristors (transistors) and an active load
with PWM of two and three pulses for a
half-period of line voltage. The amplitudes
were calculated in relative values of the
first and the more significant higher
harmonics in the input current curve,
together with the respective power factors
in a full control range.

The comparative analysis with known
results showed the significant advantages
of the method with PWM of two pulses
from the beginning and from to end of a
half period of the line voltage, such as a
higher power factor and lower values of
the important ~ higher  harmonics
amplitudes. These results showed that the
power efficiency of the three-phase A.C.
choppers studied is improved by
introducing the models proposed into them
as a method of output voltage control;
these results can form the basis of
optimization investigations in the field
indicated.
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ONGOING RESEARCH PROJECTS:
Financed by the Ministry of Defense

Low noise transistor amplifiers with
electronic protection.

COLLABORATION:

Technology and development of
devices for optical spectroscopy,
Technical  University of Lausanne,
Switzerland.

LABORATORY VISITS:

M. Taslakov, Technical University of
Lausanne, Switzerland;  Specroscopic
monitoring af atmospheric compounds;
one year.
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LABORATORY

PHYSICAL TECHNOLOGIES

HEAD: Assoc. Prof. R. Enikov, Ph.D.

TOTAL STAFF: 6
RESEARCH SCIENTISTS: 5
Assoc. Prof. I. N. Martev, Ph.D.; Assoc. Prof. Ts. D. Uzunov, Ph.D.;
D. A. Dechev; N. P. Ivanov; N. Lutakova.

RESEARCH ACTIVITES:

1. Physical and mechanical properties of
TiN/MoN multilayer nanostructures

Multilayer structures composed by
successively deposited films of titanium
nitride and  molybdenum nitride
(TiN/MoN) with nanometric thickness
represent a new class of materials
(superlattices) which possess considerably
better mechanical properties than that of
the single TiN and MoN films. The
physical characteristics and mechanical
properties of the TiN/MoN system have
practically not been studied so far. The
object of the investigations carried out
throughout the year was preparation of
TiN/MoN superlattice nanostructures, and
study of their characteristics and
properties. This work is sponsored by a
grant of the National Science Fund of
Bulgaria under contract F-1514 “Physical
characteristics and mechanical properties
of multilayer nanostructures of complex
nitrides of transition metals”. The research
activity is also a subject of a joint research
project “Deposition and investigation of
mechanical properties of nanostructured
multilayer systems of transition metal
nitrides” executed in collaboration with the
Nanotechnology Centre for PVD Research
at the Materials and Engineering Research
Institute, Sheffield Hallam University, UK.

Multilayer structures were synthesized
by a two-step process: (1) pretreatment of
the substrates and (2) deposition of TiN
and MoN films by magnetron sputtering.

Process (1) consists of ion etching of
substrate surfaces in a high pressure (2.5 Pa)
pure argon gas discharge (0.1 A /1200 V)
in order to achieve better adhesion of the
multilayer structure to the substrates of
instrumental materials, tool steel and
sintered hard alloy. The deposition of films
by reactive DC magnetron sputtering,
process (2), was performed in a working
gas mixture of nitrogen and argon at
preliminary determined ratios for the two
types of materials in order to synthesize
films following the stoichiometry Ti;N;
and Mo,N;. The deposition temperature
was about 380 °C, the magnetron
discharge parameters being 450-550 V and
0.9-1.0 A. For thickness of single films of
about 10 nm, multilayer structures
consisting of 5, 10 and 60 couples of
TiN/MoN films were obtained. Single
films of TiN and Mo,N were deposited
under  identical  pretreatment  and
deposition conditions for the purpose of
compositional and structural analysis.

The composition of the TiN films was
determined by Auger electron
spectroscopy (AES) in derivative mode.
The AES analysis showed that the films
have a composition slightly lower than the
stoichiometric one.

The microstructure of single films was
investigated by transmission electron
microscopy (TEM) and selected area
electron diffraction (SAED). The TEM
observations showed that the TiN films
consist of relatively homogeneous in size
(about 50 nm) crystallites. The SAED
patterns reveal the formation of texture.
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The Mo,N films are more homogeneous,
with greater crystallite size (60-80 nm).

X-ray diffraction (XRD) analysis of
TiN films showed the presence of cubic
(fce) NaCl-type lattice of the o-TiN phase,
with a lattice parameter of 0.425 nm which
is very close to that of the bulk TiN, as
well as traces of the &-Ti,N phase.

Scanning electron microscopy (SEM)
and electron probe microanalysis (EPMA)
were performed on a cross-section of a
60x2 TiN/MoN multilayer structure with
thickness of 1300 nm. The results obtained
from the EPMA analysis are qualitative
and show K, X-ray radiation from the Si
atoms of the substrate used as well as K
X-ray radiation from the Ti and Mo atoms
of the structure, superposed on a large
background of X-ray radiation. A very
close correlation was found between the
structure thickness determined by in-situ
deposition rate measurements,
measurements by a TalyStep device and as
established by the SEM and EPMA
analysis.

The basic mechanical quantities were
investigated of the TiN/Mo,N multilayer
structures, namely, microhardness,
Young’s modulus and energy of plastic
deformation. The measured values of
Vickers hardness, about 23-25 GPa for
deposits on tool steel and sintered hard
alloy, are approximately twice as high as
that of the substrate materials and about
30-35 % higher than that of TiN.

2. Deposition of thin-film coatings from
Fe-Cr-Ni alloy on ultrafiltering polymer
membranes

Experiments on  physical vapor
deposition (PVD) of nanolayers by
magnetron sputtering of Fe-Cr-Ni alloy on
ultrafiltering polymer membranes were
carried out. The changes in the transport
and selective characteristics of the coated
membranes were investigated. The results
obtained suggest that the method utilized
yields better working characteristics of this

type of polymer membranes and makes
them applicable to wvarious areas of
industry, such as chemical, food and
pharmaceutical.
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Financed by the Bulgarian Academy of
Sciences

Interaction of neutrals and ions with solid
surfaces.

Working characteristics of metal-nitride
coatings obtained in vacuum.

Financed by the Technical University of
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module for sheet resistance measurements
of thin films.
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University, UK.
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e Development of an engineering support system
for modelling and control of the processes of
EBMR of metals

e High resolution laser spectroscopy of Cesium-
vapor layers with thickness variation around the
light wavelength

o EC-Project EARLINET-ASOS

e Hyperthermia effect in magnetite based-ferrofluids
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DEVELOPMENT OF AN ENGINEERING SUPPORT SYSTEM
FOR MODELING AND CONTROL OF THE PROCESSES OF EBMR OF METALS

Project VUI-307 funded by the National Research Fund
Science Investigations of Republic of Bulgaria

E.G. Koleva, G. Mladenov, V. Vassileva, K.Vutova

Electron beam melting and refining
(EBMR) is an advanced vacuum
technology for processing of refractory
materials in order to meet the ever
increasing demands of many industries,
such as the aerospace and chemical
industries, electronics, nuclear power
industry, as well as medicine, for reactive
high-strength and/or ultra-pure materials
suitable for use at high temperatures and in
aggressive media. The technology was
introduced more than 40 years ago and
ever since has been the subject of active
studies by many research groups and
companies all over the world. Since then,
the Institute of Electronics of the
Bulgarian Academy of Science, in Sofia,
Bulgaria, has carried out extensive
research and development work in the
field of EB technology and applications.
There exist several electron beam welding,
melting and evaporation installations at the
Institute and the research group has been
accumulating knowledge in different fields
connected with the EB technologies, and
specifically with EBMR, such as:
analytical modeling of the main processes
- melting [4], refining [1, 2], crystallization
[3]; simulation of the processes [4, 5],
statistical analysis and modeling of
different aspects of the processes on the
basis of experimental data [6],
optimization and quality control in the
EBMR plants [7, 8, 9] and process control
[10]. All this improved detailed knowledge
about the processes and technology, as
well as the rapid development and
complexity of the equipment, the
innovation in organization and the
increasing control demands make it
necessary to integrate the knowledge and

the different engineering tools used in
order to support and facilitate the further
investigations, decisions and training
activities in the field of modeling,
simulation and control of EBMR plant and
the collection of new knowledge about the
processes. For these purposes, the latest
advances in the field of Information and
Communication Technology (ICT), such
as reference framework and architectures,
different modeling languages and
standards, are used for the development of
an Engineering Support System (ESS) for
EBMR plants.

Usually, the EB furnaces operate in a
semi-automatic control mode. Even with
highly sophisticated computer controlled
process automation (including vacuum
pump system scheme, vacuum pressure
control, material feed rate and ingot
withdrawal rate control, processor-based
high voltage and emission current control,
PC-based  automatic = beam  power
distribution,  data  acquisition  and
archiving), operator supervision of the
process and manual tuning are still
required. The best practices show that
modeling and simulation, when combined
with a Decision Support System (DSS),
can provide an organization of the tools
necessary to make good business-case
decisions by integrating the models, the
data that drive the simulations and the
optimization tools. A way to integrate the
DSSs (combined with Data Collection and
Acquisition, Information analysis and
System Management agents) with the
automation (and/or manual) control and
observation during the performance of an
EBMR plant is the development of ESS.
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Architecture of the ESS for EBMR
plant - main requirements to the ESS
for EBMR plant, the selected reference
framework, the selected reference
architecture and the particular
architecture of ESS for EBMR plant

An enterprise ESS may be defined as
an information system that supports the
analysis, design, implementation and
operation of an enterprise and its elements,
based on knowledge, defined principles
and recommended practices. The main aim
of the proposed ESS for EBMR plants is to
integrate and organize the knowledge for
the EBMR processes and plants and to use
this  knowledge to improve the
modeling and control capabilities, their
efficiency, adaptability, flexibility and
re-configurability.

From a system engineering point of
view, the EBMR plant is a complex
system of processes that can be engineered

Extertal
M mory

Internal ETs 1-2

ESS

to accomplish specific business and
technological  objectives. The main
features of an EBMR plant, which must be
taken into consideration by the ESS
development, are the following: melting in
a wide vacuum range (10 +10 Pa); high
melting  flexibility  rate;  unlimited
melting temperature; high power density
(10° + 10° W/cm®) available for local
superheating; favorable conditions for
removing low-density as well as high-
density inclusions; good control of ingot
solidification for desired primary structure;
production of highest quality ingots of
various size, shape and quantity; high
flexibility in size, shape and quality of the
feedstock material and automation of the
process [11]. The ICT infrastructure of the
EBMR plant is shown in Fig. 1. It
represents the standard process control
system connected to the ESS and thus to
the Decision Support System, as well as
the connection to external applications.
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Fig. 1. Hierarchical model of an EBMR plant.
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The main requirements to the
developed ESS are connected to the
industry needs for achieving rapid

manufacturing systems adaptation and
modification (agility) to assure better and
faster response to the changing customer
requirements and to stay competitive on
the global market with ever higher quality
products, increased flexibility, faster
introduction of new products and faster
response to marketplace changes. In this
respect, the main requirements to the ESS
may be shortly summarized as: to be open,
to be extendable, based on the best
practice, interoperable, supporting the
re-configurability of the EBMR plant
control system on the basis of a fast and
correct modeling technique and broadly
accepted standards. In order to achieve
these requirements the architecture of ESS

must be based on a standardized multi-
view reference framework and
architectures.

In order to achieve the above defined
requirements, the ESS architecture is
developed by the assistance of the
standardized reference architecture
framework GERAM [12]. GERAM
provides a generalized framework for
describing the components needed in all
types of enterprise engineering and
integration processes and is a tool for
designing a broad range of architectures
and assisting in their evaluation. The use
of frameworks leads to the use of common
principles, assumptions and terminology,
as well as the development of information
systems with better integration and
interoperability, especially with respect to
issues that affect the whole system.

Generic
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1“*
* 1% i PET
Tdentification errploys 1 ) 1..% Implemented in
1 implemented in L supports
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design I used to build 1.%
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Detailed EM
design
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Operation used to implement
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Decommission | EMO EOS
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Life-cycle ™ Particular architecture
phases Reference architecture

Fig. 2. Framework of the ESS according GERAM.

As shown in Fig. 2(a) the framework
GERAM may be presented as a Unified
Modeling Language (UML) class diagram,
consisting of 9 basic classes. The Generic
Enterprise Reference Architecture (GERA)
is an essential component of GERAM,
providing the critical concepts of
an enterprise architecture that has a
three-dimensional structure for defining
the scope and content of enterprise models,

as well as the different views as shown in
Fig. 2(b) in order to limit the complexity
of enterprise models. The enterprise
architecture selected supports a set of
Enterprise  Engineering Methodologies
(EEM) wused to combine different
engineering tools in order to build the
different models of EBMR plant and may
be expressed in the form of process models
using  different  process  modeling
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languages. The methodologies decide
which model to produce and which
modeling languages for formalism to use
to describe the model. One of the main
requirements to the methodologies applied
is the possibility for derivation of models
from an upper to a lower state and for
abstraction of lower models to an upper
state. A class of Enterprise Modeling
Languages (EML) is used for modeling the
different aspects of the system and their
entities, including the human roles,
operational processes, functions,
information, office and production
technologies. The modeling languages
should support the two-way relationship
between models of adjustment life-cycle
phases. The modeling languages are
implemented in Enterprise Engineering
Tools (EET), which are supported by
Partial Enterprise Model (PEM) and
Generic Enterprise  Modeling Concepts
(GEMC) and EEM in order to create, use
and manage Enterprise Models (EM) as
well for their analyses and evaluation,
enactment of the models for simulation
and to provide a shared design repository
or data base that allow the management of

all partial and particular models. PEM are
repositories of reusable models of human
roles, processes and technologies. GEMC
define and formalize the most generic
concepts of enterprise models in form of
ontological models, meta-models or
reference models. The EM together with
the Enterprise Modules (EMO) is used to
implement the Enterprise Operational
Systems (EOP) which supports the
operation of the system. The ESS
reference architecture is based on the
above mentioned reference architecture
GERA and consists of two main parts: the
reference architecture of the interactive
part of ESS and the reference architectures
of the functional components of ESS
consisting of all kind of EBMR plant
models, as shown in Fig. 3. A main feature
of the system is that the interactive part of
ESS is connected to the functional
components in the operation phase of its
software life cycle. The functional
components of the ESS are included in all
defined phases of the software
development life cycle, which support the
rapid adaptability and re-configurability of
the plant to the business demands.

EBMR plant models

.
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Fig. 3. Simplified ESS reference architecture.
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The object-oriented approach, as the
most promising one for modeling
interactive systems, is used to present the
particular architecture of ESS for EBMR
plant. The main advantage of the object-
oriented architecture proposed is that it is
not monolithic and sequential, and allows
the modeling of interface software as a
composition of co-operating objects at
different level of abstraction. The most
abstract level of the particular architecture
of ESS is presented as an UML use-case
diagram in order to represent knowledge in
a form that is either human or computer
readable and is shown in Fig. 4. The basic

ESS

Information Analysis
-

Decision Support System
System Management

=1

Data Collection and
Acquisition

use cases of the EBMR plant ESS under
development are: Data Collection and
Acquisition (DCA), Information Analysis
(IA), Decision Support System (DSS) and
System Management (SM). One of the
main features of the particular architecture
proposed of ESS for EBMR plant is that
the interactive part of the system is
separated from the other functional

components of the system as System
Management subsystem. SM is modeled
as a software agent that supports the
between

agents,

the user
such as

communication
and the functional
DCA, 14 and DSS.

Control
system

Operator

Fig. 4. The ESS architecture as use-case diagram.

The DCA subsystem has a direct
connection to the plant through the
available sensors, which present the actual
state of the plant, follow the system
behavior, and support the data acquisition
and archiving. If some requirements are
satisfied, then the DCA wupdates the
database by newly achieved results
(solutions) for next re-use and application.
Otherwise the system only has to repeat
their operations. The loop is performed at

regular time intervals.

The IA subsystem consists of three
types of subsystems:

e Subsystem for analytical
modeling of the different processes -
providing the DSS (the control algorithm)
user with calculated data (heat flows,
temperature distribution, refinement of
impurities),

e  Subsystem for statistical modeling
and quality management and data analysis,

e Subsystem for information modeling,

e Subsystem supporting optimization.
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The Decision Support System implements
the results from the DCA, IA and SM
subsystems in order to provide the
decision makers, the operators and the
managers with key information that
enables them to make more efficient and
consistent ~ decisions.  The  System
management subsystem involves the
definition of requirements and parametric
constraints.

One main feature of the ESS proposed
is the possibility to do engineering support
to the control system of the EBMR plant
on the basis of the new [EC61499 standard
for development of distributed
measurement and control systems [13] and
the engineering tool supporting the
standard such as the open Function Block
Development Kit (FBDK) of Rockwell
Automation [14]. In this respect, a real
time connection is foreseen between the
ESS and the control system. The Control

System is usually designed by the EB
equipment producers and includes two
main agents: Control and Display. The
control system is directly connected with
the sensors and actuators of the plant and
can control the processes on the basis of
the existing conventional feedback
controller, such as vacuum pressure
controller, material feed rate and ingot
withdrawal rate control, processor-based
high voltage and emission current control
or PC-based automatic beam power
distribution. The ESS under development
will extent the configuration and
re-configuration capabilities of the control
system and the possibilities to apply
different control algorithms (PID, fuzzy,
adaptive, etc.). Fig. 5 presents as an
example the Vacuum Control subsystem at
the EBMR installation ELIT-60 existing in
the Institute of Electronics.
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1 — Electromagnetic valve; 2 — Electro-pneumatic valve; 3 — Electromagnetic corner valve;
4 — Turbo-molecular pump; 5 — Diffusion pump; 6 — Rotary pump; 7 — Vacuum sensor.

Fig. 5. The Vacuum Control System.

Methods, models and tools used in the
ESS

As mentioned above, the development
of ESS is based on the application of
object-oriented approach and the Unified
Modeling Language (UML) [15]. This has
several advantages concerning iterative
design, support for distributed applications
and support for multithread dialogues.

This affects the choice of the abstractions
used for the formal specification of user
interfaces, which are also required to be
modular. The particular architecture of the
ESS is open and gives the possibility for
extensions and improvement of the
system. In order to ensure the modeling of
the closed loop behavior of the system, the
UML profile for system engineering
SysML [16] is used. SysML is a general-
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purpose modeling language for system
engineering that reuses a subset of the last
UML2.1 version and provides additional
extensions through stereotypes, diagram
extensions and model library in order to
model a wide range of system engineering
problems as, for example, specifying
requirements, structure, behavior,
allocations and constraints on system
properties to support the engineering
analysis. These models are highly modular
and support concurrency and distribution.
The modeling plays a crucial role in
solving different engineering tasks in the
framework of developed and functioning
ESS, such as: design, planning,
optimization, diagnostics and control of
manufacturing systems. Subjects of
modeling are the different parts of the
EBMR plant: function and behavior of the
system, decision making processes,
products, the production processes,
resources, information  maintenance,
operational data and data management,
organizational structure. Different type of
models (analytical, statistical) for melting,
refining and crystallization processes are
developed and may be used for different
investigation purposes such as, for
example, models for calculations of the
temperature distribution in the crucible and
the feeder, the kinetic dependencies of the

E33 ontology

Engineering
tools |
ontology’s

impurities content in the refined material,
the heat flows through different contact
surfaces, the geometry of the molten
pool/the crystallization front, the refining
rate in the three reaction zones — the front
side of the feeding block, the falling drops
and the molten pool in the crucible, the
influence of the initial impurity
concentrations and the change of the
surface to volume ratio on the refining rate
of an inclusion, the evaporation of base
material, etc. The application of statistical
methods and the robust engineering design
allows (i) optimization of the process
parameters, (i) quality improvement in
connection with the impurities distribution
in the refined metals, the crystallization
front form, the evaporation rates etc. and
(iii) finding regime parameters that are
stable with respect to the sources of
variation in the quality performance
characteristics.

Very important models which support
the flexibility and re-configurability of
control  systems are the formal
specifications of the control systems. Their
correctness is supported through the use of
different  formal  specification  and
verification techniques such as Signal
Interpreted Petri Nets, Timed Automata
and the corresponding tools.

EEMER
plant
otitology

Fig. 6. Ontologies used.
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Ontology utilization

The ontologies as presented in the
reference framework of ESS describe the
meaning and  relationships  among
modeling concepts available in enterprise
modeling languages in order to improve
the analytic capability of the engineering
tools and the usefulness of the models. The
creation of an ontology model includes
formulation of a sequence of axioms and
facts, plus inclusion of references to other
ontologies, which are considered to be
included in the ontology [17]. The
approach proposed achieves knowledge
integration and behavior coordination on
the basis of a joint use of different
ontologies as illustrated in Fig. 6. Three
basic types of ontologies are developed
and used: EBMR plant ontology, ESS
ontology and different Engineering Tools
ontologies. The creation of a wunified
semantic ~ model using  individual
ontologies of independent components
brings about some problems. One of them
is that the different components of ESS

EBMRplant | Yt¥2% | FBMR_Method

B

have different ontologies which coincide
only partially or even mismatch. The
recent research works and software tools
suggest different approaches for ontology
merging and alignment that allow either to
create a single coherent ontology
(merging) or reuse information from one
another (alignment).

Fig. 7 presents the concept of the UML
based EBMR plant ontology. As shown,
the EBMR plant utilizes a specified
method that may be of four different types:
electron beam cold hearth refining
(EBCHR), electron beam drip melting
(EBDM), electron beam button melting
(EBBM) and electron beam floating zone
melting (EBFZM). Our efforts now cover
only the EBDM method for the refining of
Ti, Cu, Ta and some Ti-based alloys.

The EBDM method is characterized by
materials, processes and equipment. The
material class is divided into two main
subclasses — raw material and product. The
raw materials are described by their
thermo-physical material characteristics
together with the feeding form that may be

EBCHR EBDM

EBBM

EBFZM

Material_Propety

Equipment_parameter

has

hax

Material Process

Equipment

feeder

I ERN

Melting refinement

Crystalization

2 ~ Withdrawal_device

Yacuum_furnace |4

1

Raw_material Product

A

Powder Alloy

Compact Metal

i‘““““- Crystalizer

EB_gun

Yacuum_pump_system

Fig. 7. UML based EBMR plant Ontology.
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powder or compact. The quality
characteristics of the obtained products
(metal or alloy) can be described as
parameter requirements or  quality
constraints. The main processes are
melting, refining and crystallization which
are subject of modeling, simulation and
optimization using different methods and
models as described above. The equipment
class is specified by equipment parameters
and according to ANSI/ISA S88 is
composed of two main units: vacuum
furnace and EB gun. The vacuum furnace
is subdivided in four equipment classes:
feeder, withdrawal device, crystallizer and
vacuum pump system. A further
decomposition of these subclasses includes
the corresponding equipment control
which is not shown in Fig. 7.

The main aim of the ESS proposed for
EBMR plants is to integrate and organize
the knowledge for the EBMR processes
and plants and to use this knowledge to
improve the modeling and control
capabilities, their efficiency, adaptability,
flexibility and re-configurability. In this
respect, the main requirements to the ESS
may be shortly summarized as: to be open,
to be extendable, based on the best
practice, interoperable, supporting the
re-configurability of the EBMR plant
control system on the basis of a fast and
correct modeling technique and broadly
accepted standards. The system is intended
to serve modeling, control system design
and  simulation of EBMR  and
complementary  production  processes
(either continuous or discrete) connected
to the industry needs for achieving rapid
manufacturing systems adaptation and
modification (agility) to assure better and
faster response to the changing customer
requirements and to stay competitive on
the global market with ever higher quality
products, increased flexibility, faster
introduction of new products and faster
response  to  marketplace  changes.
Therefore, the system handles a large
amount of knowledge about the EB
process and modeling and simulation and

is based on the advanced achievements in
the field of ICT and distributed control
techniques. The ESS is intended for
experts and technical staff from
manufacturing departments as well as for
teaching and training purposes or
increasing the qualification in this field of
university students or management staff.
During the development and verification
of the ESS algorithm, a clarification of
strategies and control mechanisms will be
performed; this ESS might be used for
solving some critical situations.

Model-based statistical approach and
multiresponse robust engineering for
EBMR process optimization (project
VUI-307 financed by the Bulgarian
Science Fund at the Ministry of Education
and Science; project NIF-02-75/2007,
funded by the National Innovation Fund;
project with the company HC Starck,
Boston, USA; project BIn—2 with Nuclear
Fuel Complex, Hyderabad, India, funded
under international  agreement  for
scientific and technical collaboration
between Bulgaria and India, 2005-2008,
project BIn-3 with Bhabha Atomic
Research Centre (BARC), Mumbai, India,
funded under international agreement for
scientific and technical collaboration
between Bulgaria and India).

An original statistical approach (multi-
response robust engineering approach) was
developed in the laboratory ‘Physical
Problems of Electron Beam Technologies”
for investigation of the kinetics of
refinement from unacceptable impurities,
which attracted the attention of leading
world companies applying the electron
beam melting method. Moreover, studies
were performed on the quantities of
refractory and reactive metal wastes
available in the country and on the market
of recycled materials. The quantities of the
wastes containing refractory and reactive
metals and their alloys were determined,
together with the economic efficiency and
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the ecological effect of recycling these
wastes.

The model-based robust approach for
improving the quality of the process was
successfully applied to different industrial
processes. In the case of multiple
correlated responses, the estimation of the
mean and variance models of the quality
characteristics in production conditions,
taking into account the correlation between
the multiple responses, together with the
heteroscedasticity of the observations due
to errors in the factor levels, is considered
at the multivariate regression fit, robust
engineering modeling and the optimization
stages. A new combined method for
parameter estimation was developed,
which gives the possibility to consider the
correlation  between  the  multiple
responses. Another considerable advantage
is the possibility to use raw industrial
experimental data, instead of the very
precise parameter estimation of the
regression models without errors necessary
in the factor levels, performed, for
example, under laboratory conditions. This
new method is applicable in both the
following cases: when there are replicated
observations at each experimental run and
when there are no such replications.

015

0.1

Casting velocity, [mm/s]

d.ﬂm :
12 13 14 15 18 17 18
EB power, [kW]

0.05

Fig. 8. Concentration of oxygen (ppm)
(solid lines) and the variance due to errors in the
process parameters (dashed lines) in EBMR of
titanium.

The behavior was investigated of
various impurities in the crystallized
ingots, together with the evaporated base
metal losses during the electron beam
melting and refining of titanium and
copper. The kinetic dependencies of the
impurity concentrations were estimated
experimentally. Simulations of the thermal
processes were used for estimation of
some parameters related to the EBMR of
the metals considered. Statistical methods
were applied in view of improving the
quality of the ingots obtained. Fig. 8
presents the contour plot obtained of the
oxygen concentrations depending on the
beam power and the casting velocity (solid
lines). In the cases of errors in the process
parameters due to  control and
measurement errors, a variance model
describing the variations in the output
impurities concentrations (dashed lines,
Fig. 8), [18] can also be used for
estimation. These errors cause additional
variations in the impurities concentrations
measured, which are not due to intentional
changes of the process parameters. The
minimization of this variance leads to
optimal solutions that are robust (less
sensible) towards errors in the process
parameters.

Optimization of the EBMR regime
conditions was performed with the aim of
improving the quality of the ingots
produced and minimizing the base metal
evaporation losses. Optimization was
performed of the process conditions in
terms of minimizing the oxygen
concentration after the melting of highly
oxidized Ti scrap wastes through a
simulation of the estimated kinetic models.
In the case of EBMR of copper, similar
studies showed that the use of raw material
with a large amount of impurities with
higher affinity to oxygen (or adding
carbon in the melting pool) due to oxygen
removal through an impurity oxide
transport across the molten pool is of
primary importance.

The advantages of the application of
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simulations based on a statistical approach
are connected with the possibility of
investigating the tendencies in the changes
of the process conditions and the influence
of these changes on the kinetic impurities’

behavior

based on experimental

measurements, together with the robust
process optimization, which results in the
quality improvement under production
conditions without the necessity of making
new financial expenses.
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HIGH RESOLUTION LASER SPECTROSCOPY OF CESIUM-VAPOR LAYERS
WITH THICKNESS VARIATION AROUND THE LIGHT WAVELENGTH
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3 Institute for Physical Research, National Academy of Sciences of Armenia, Ashtarak-2, Armenia

1. Introduction

The high resolution optical
spectroscopy of thin alkali-vapor layers
has been made possible through the
development of the so-called extremely
thin cells (ETC) with thickness close to
and less than one micron [1]. Much earlier,
high resolution sub-Doppler microwave
spectra of molecules were observed [2],
showing an interesting coherent absorption
effect which was named Dicke narrowing
of the spectral line. Slow atom
contribution [3] and coherent Dicke
narrowing [4] were observed decades later
in the optical domain in the case of cesium
atoms. Collapse and revival of Dicke
coherent narrowing of optical transitions
were demonstrated in [5, 6], revealing the
transition-width quasi-periodicity as a
function of the optical cell thickness L
with minima at L = (2n+1)A/2 (where n is
integer and A is the light wavelength).

In addition to the first observations of
the ETC fluorescent spectra, it has been
recently demonstrated (and theoretically
analyzed [7]) that saturation dips appear in
the fluorescence profiles when ETCs are
irradiated by high-intensity laser light. These
saturation dips appear for all open, in terms
of hyperfine optical pumping, hyperfine
transitions of the cesium D, line. In the case
of closed transitions, the saturation deep
appears only at the F,=3->F.=2
transition, which is closed in what concerns
the hyperfine optical pumping but open for
Zeeman optical pumping by polarized light.
Here, F, and F; are the hyperfine structure
quantum numbers of cesium’s ground and
excited respectively.

We performed experimental and
theoretical studies of the sub-Doppler
resonances observed in the absorption and
fluorescence spectra of the D, line of Cs
atomic vapor layers with thickness L = mA
(where m = 0.5, 1, 1.5, 2, 2.5, 3), irradiated
by tunable single-frequency diode laser
light. The behavior of the resonances in
dependence on the cell thickness and the
light intensity was also examined.

I1. Experimental results

The ETC design with a wedge-shaped
(tunable) gap between high optical quality
windows was similar to that reported in
[1], but in our experiment the thickness of
the vapor layer could vary in the range
350 — 5000 nm, which was considerably
larger than that used in previous works [1,
5-7]. This enhancement of the thickness
variation range was achieved by the prior
deposition of an about 5000-nm-thick
ALOj; layer on the surface of one of the
nanocell windows in its lower part. The
wedge-shaped  (along the  vertical
direction) thickness of the ETC was
measured by wusing the interference
technique described in [5]. The dimensions
of the ETC windows were
20 mm x 30 mm. The ETC had a 50-mm
long-side-arm filled with Cs metal.

The experimental arrangement diagram
is shown in Fig. 1. The beam emitted by a
single-frequency tunable diode laser
(A =852 nm, spectral width y; ~ 15 MHz)
was focused to a 0.5 mm-diameter spot on
the ETC and oriented orthogonally to the
cell window. The intensity of the laser
radiation was adjusted by neutral filters
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Fig. 1. Experimental setup: DL-diode laser;
I-conventional cell; 2-photodiodes; F-filters.

F (as shown in Fig. 1). The ETC operated
with a specially designed oven with four
ports: two ports for the laser-beam
transmission and two ports for the
fluorescence collection in a direction
orthogonal to the laser beam. This
geometry  allowed us to  detect
simultaneously fluorescence and
transmission spectra. The temperature of
the ETC side-arm, which determines the
density of Cs atoms, was kept in the region
of (110-120)°C. To prevent atomic vapor
condensation on the ETC windows, the
window temperature was maintained at
(20-30)°C higher than that of the side-arm.
The laser frequency was scanned in an
interval of 10 GHz, thus covering all
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spectral components (Fy, =3 — F. =2, 3, 4
and Fy=4 — F.=3,4,5) of Cs D, line.

In order to measure the transmission
spectra at different ETC thicknesses, the
oven with the ETC was smoothly moved
vertically as indicated by an arrow in
Fig. 1. A small portion of radiation was
directed into a conventional cell (of ~ 3 cm
length) at room temperature, where the
well-known saturated absorption (SA)
scheme was realized: the SA spectrum
serves as a frequency reference. The filters
(F) were used for attenuation of the probe
(as well as the pump) beam in the SA
scheme, in order to obtain a reference
spectrum with a width close to the natural
one. To measure the fluorescence, a
sensitive photodiode was placed close to
the ETC. The photodiode signal was
recorded by a Tektronix TDS 3032B
digital storage oscilloscope. The spectra
were measured for different cell
thicknesses and different light intensities.
In Fig. 2, the transmission spectrum of the
681/2 (Fg = 4) — 6P3/2 (Fe = 3, 4, 5)
hyperfine transitions is presented for two
different  irradiating intensities and
thickness L = mA. For low light intensity
(0.2 mW/cm?, where the saturation of the
optical transitions can be neglected) and
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Fig. 2. Transmission spectra of the Fig = 4 set of transitions, for low (a, 0.2 mW/cm?) and high

(b, 20 mW/cm?) light intensities.

m=0.5, one can see that all hyperfine
transitions are well resolved and the
Doppler broadening of the absorption
profiles is very small. In this case, the
absorption at the resonance frequency is
strongly enhanced due to the existence of

two related in their result but different in
their nature processes. The first process is
connected to the anisotropy of the atom-
light interaction [1-3]. As the laser beam
diameter largely exceeds the cell
thickness, the time of interaction between
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an atom and the laser radiation is different
depending on the atomic velocity direction
(atoms lose their excitation when hitting
the cell wall). Atoms flying orthogonally
to the cell walls have much shorter
interaction time with the light than atoms
flying parallel to windows. Thus, the
contribution to the absorption of the
second group of atoms will be larger than
that of the first one. The second process
arises as a consequence of the coherent
emission nature of the atomic ensemble,
which leads to a relative enhancement of
the absorption at the optical transition
resonance with respect to its wings and is
called Dicke coherent narrowing [2, 4-7].
The quasi periodic nature of the second
process - a periodical revival of Dicke
narrowing (but with reduced amplitude) as
the ETC thickness increases - is well seen
in Fig. 2a (form=0.5,1.5,2.5). Atm =1, 2,
3, the coherent Dicke narrowing vanishes
and because of the Doppler broadening the
optical transitions are not resolved even at
low light intensity [3].

As the the irradiation power is
increased (Fig. 2b, m = 0.5), a broadening
of the sub-Doppler structure is observed
due to the saturation. Well pronounced
narrow dips of reduced absorption at the hf
structure transition centers are observed at
this intensity and m = 1, 2, 3. The reason
for this is that the processes of saturation
(for all transitions) and of optical pumping
(for the open transitions: Fy =4 — F. =3
and F, = 4 - F. = 4) can be completed
mainly for atoms with sufficient time of
interaction with the laser light, i.e. for the
atoms flying nearly parallel to the cell
walls. This gives rise to highly velocity-
selective dips in the absorption spectra,
whose amplitude depends of the transition
probability and on the efficiency of the
atomic transfer by optical pumping (for
open transitions). The dips’ amplitude
increases with increasing the power
density [6,7]. For m = 1.5, 2.5 and for the
closed transition, a small peak appears
superimposed on the velocity selective
deep. Such a peak does not appear for the

open transitions under the same
experimental conditions. This difference
can be related to the fact that for the open
transitions a part of the atoms is
transferred to the F; = 3 level and this part
consists manly of slow atoms. Thus, these
atoms are lost for the absorption and they
can not participate in the formation of the
coherent signal responsible for the Dicke
narrowing. One can conclude that for open
transitions mainly fast atoms contribute to
the Dicke narrowing while all atoms (fast
and slow) make their contribution to
Dicke narrowing the in case of a closed
transition. In support of this statement
one can notice that for m = 1.5 and
F, =4 — F. = 4 transition, the amplitude
of the velocity selective dip is sufficiently
less and its width is larger than for the
same transition for m = 1, 2. This is due to
some coherent contribution (at m = 1.5) in
the absorption of the Fy = 4 —» F. = 4
transition, but this contribution is not
sufficient to change the dip into a peak as
it happens for the Fy = 4 — F. = 5
transition.

A well-known peculiarity of the ETC
spectra is the significant difference
occurring between the absorption and
fluorescence profiles. The origin of the
difference observed is related to the
different dynamics of the absorption and
fluorescence processes: faster atoms with
interaction time enough for absorption of a
photon but not enough for its subsequent
release will contribute to the absorption
but not to the fluorescence signal. This is
the reason why the experimentally
observed fluorescence profiles are
narrower than the absorption profiles.

In Fig. 3, the fluorescence spectra are
presented for two sets of transitions:
6S12 (Fg=3) — 6P (F. =2, 3, 4) (Fig. 3a)
and 651/2 (Fg = 4) — 6P3/2 (Fe = 3, 4, 5)
(Fig. 3b). Note that as closed transition we
consider only the F,=4—>F.=5
transition, because when excited by
linearly polarized light at this transition
atoms accumulate on Zeeman sublevels
with the largest absorption probability i.e.
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a large portion of atoms stay in the most
absorbing state. Contrary, in case of the
Fy,=3 —>F.=2 transition, the light
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accumulates atoms onto the non-absorbing
light Zeeman sublevels, i.e. atoms are lost
for the absorption process [8-9].
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Fig. 3. Fluorescence spectra for F'g = 3 (a) and Fg = 4 (b) sets of transitions, the light intensity

is 50 mW/cm?.

It is clearly in Fig. 3 seen that the
fluorescence profile width increases
continuously with the ETC thickness,
showing no quasi-periodical Dicke
narrowing as it is the case in absorption
(Fig. 2). Starting from m = 2, the
fluorescence of the open transitions
undergoes velocity selective  optical
pumping, resulting in narrow reduced-
fluorescence dips which appear at the
center of the transitions. The ETC
fluorescence  profiles, = which  are
intrinsically narrower than the absorption
profiles, exhibit velocity selective dips for
larger ETC thickness and light intensity
values. The larger thickness is required to
increase the time of flight of the atoms
between the cell walls, thus enlarging the
atomic velocity interval for light emitting
atoms. Then on the background of this
enlarged atomic ensemble, the reduced
fluorescence resonance, centered at the
atomic transition, will be well measurable.
The origin of this fluorescence dip is due
to the velocity selective optical pumping
which has its maximum for very slow
atoms.

The closed Fy, = 4 — F, = 5 transition
does not show a dip in the fluorescence.
Starting from m = 2, the formation of a
small “plateau” can be seen, superimposed

on the right side of the fluorescence profile
close to its maximum. As it has been
shown in [10], the fluorescence maximum
does not coincide with the transition
center. More specifically, the
Fy=4—>F.,=5 transition center 1is
situated within the “plateau” region. The
processes leading to the “plateau”
formation can be the following. For the
open transition, both the two-level system
saturation and the three-level system
optical pumping deplete the atomic
population of the initially excited level.
The result of this velocity selective
depleting is the reduced fluorescence dip.
The situation is different for the closed
transition. Here, the first process decreases
the initial level population, while the
second one increases it. The combined
contributions of both processes result in
the “plateau” formation.

II1. Theoretical results

The theoretical model in use is based
on the Bloch optical equations for a two-
level system (closed and open) [7]. For
open system we consider losses by means
of a spontaneous emission to a "third level".
No losses are assumed for a closed system.
The absorptive transition consists of two
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levels denoted as 1 and 2, which are
coupled by laser light at frequency
detuned by A from the resonant transition
frequency w21 (A = ® - ®y)).

The control parameters are chosen to
be applicable to a realistic alkali system
namely: y>; =5 MHz, ku =250 MHz, and
a=1 (closed system) or a=0.6 (open
system). Here v,; is half of the transition
rate of the excited state, ku is the most
probable Doppler shift and o is the
probability to decay from level 2 to level
1. The Rabi frequency of the optical
transition is denoted by Qg.

The system of Bloch equations is the
following:

do .Q
v d;l +D21021—17R(0'“—0'22)=0 (1)
y 292 +7,0,—Q,Imo, =0 )
y&ou —ay,0,+Q,Imo,, =0, 3)
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where D,, = y,, +ikv—iA, v is the atomic
velocity and o, are the reduced density

matrix elements in the rotating frame.
Atomic absorption is given by:

A= J.: G(v)exp —(%j dv, 4)

where G(v)= IOL Im[O'21 (z,v)]dz :

The fluorescence is proportional to
quantity U expressed as:

U:I:Q(v)exp —(%) dv, Q)

closed transition

0.98

0.96 4

Transmission [a.u.]

0.94

0.92 1= 0,2 mW/cm?

closed transition

Transmission [a.u.]
o
(2]
o
1

1= 20 mW/cm®

0.30 T T T T T
-2 -1 0 1 2

Fig. 4. Theoretical calculations of the absorption spectra for an open (a,c) and a closed (b,d)
transition performed at low (a,b) and high (c,d) laser light intensity.
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At low light intensity (0.2 mW/cm?),
the calculated absorption spectra of both
open (Fig. 4a) and closed (Fig. 4b)
transitions show collapse (for m = 1, 2, 3)
and revival (for m = 0.5, 1.5, 2.5) of Dicke
narrowing. The theoretical result is in
agreement with the experimental spectra
presented in Fig. 2a. Unlike the
experiment, the theory shows reduced
absorption dips for the open transitions
and m = 2, 3. The absence of experimental
absorption dips can be related to the laser
light spectral width (15 MHz) masking the
narrow structure. The modeling presented
is performed assuming a monochromatic
irradiation of atoms.

At higher light intensity (20 mW/cm®)

0.9

a) open transiton | = 50 mW/cm®

0.8

0.7

0.6

0.5

0.4

0.3

Fluorescence [arb. units]

0.2 4

0.1+

0.0

-2 -1 0 1 2

and L > A/2, our calculations show dips in
absorption with much larger amplitude
for the open (Fig. 4c) than for the closed
(Fig. 4d) transitions. The contrast of the
absorption dips in the open transitions
strongly increases with the ETC
thickness, which is not supported by the
experimental spectra (Fig. 2b). Similarly
to the experiment, the modeling shows
that in the case of open transitions, the
Dicke effect results only in some
broadening and amplitude reduction of
the absorption dip. For the closed
transition, however, the situation is
different: a Dicke revival (at m = 1.5, 2.5)
is pronounced in both the
experiment and theory.

0.9

08 b) closed transition I,=50 mW/cm?

0.7

0.6

0.5+

0.4

0.3

Fluorescence [arb. units]

rrrrrr

0.2

0.1

0.0

-2 -1 0 1 2

®/ku

Fig. 5. Theoretical calculations of the fluorescence spectra for open (a) and closed (b) transitions for

laser light intensity 50 mW/cm®.

The fluorescence spectra calculated are
narrower than those in the transmitted light
and their width continuously increases
with the cell length as generally expected.
For the open transitions, a narrow dip in
the fluorescence (Fig. 5a) appears,
superimposed on the top of the sub-
Doppler  fluorescence  profile.  The
experimental dip contrast is much lower
than that demonstrated by the theory. The
reason for this discrepancy can again be
related to the spectral width of the light
used in the experiment.

For the closed transition (Fig. 5b), no
dip formation can be seen in the theoretical
fluorescence profile, but we observe an

interesting small feature at the transition
center.  The  fluorescence  profile
modification with the ETC thickness starts
as a “plateau” on the top of the profile for
m=1. For m=>1.5, this “plateau” 1is
transformed into a small narrow peak
superimposed on the top of the broader
fluorescence profile. The strong difference
(for L>A/2) in the saturation behavior
with the ETC thickness between an open
and a closed transition is evident. This
difference can be related to the ground
level population redistribution caused by
the fluorescence, which is emitted in a
narrow spectral interval by slow atoms.
For the open transitions, the fluorescence
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is a source of atomic population loss from
the ground level. The situation is opposite
in the closed transition case; here, due to
fluorescence, atoms returning to the
ground level and accumulate in a narrow
velocity class of slow atoms.

IV. Conclusion

We studied the absorption spectra of
Cs atoms confined in an ETC at high
intensity irradiation as compared to the
low-intensity regime. For low laser
intensities and m = 0.5, 1.5, 2.5, coherent
Dicke narrowing is observed in the
absorption spectra, while for m=1, 2, 3
the hyperfine structure is not resolved. In
the second case and for high-intensity
irradiation, narrow dips of reduced
absorption are observed, related to velocity
selective optical pumping and saturation.

In the fluorescence of open transitions,
narrow reduced-fluorescence dips
superimposed on the fluorescence profiles
are observed. In the case of closed
transitions that do not suffer population
loss, a small feature in the fluorescence
profile is observed depending on the cell
thickness.

Using two-level theoretical modeling
we obtained a qualitative agreement with
the experimental observations.

The results presented contribute to the
further advancement in fundamental
studies of saturation and optical pumping
in extremely thin vapor layers.
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EC-Project EARLINET-ASOS

D. Stoyanov, 1. Grigorov, G. Kolarov

EARLINET-ASOS (European Aerosol Research Lidar Network - Advanced Sustainable
Observation System) is an Integrated Activity implemented as a Coordination Action within

the EC Sixth Framework Programme.

EC FP6 Specific Programme: Structuring the European Research Area Specific

Programme - Research Infrastructures Action.

Contract Number 025991.

EARLINET-ASOS is a 5-year project started on 1 March 2006.

Project summary

EARLINET-ASOS started on the
basis of the European Aerosol Research
Lidar Network (EARLINET)', and at
present covers 20 lidar stations across
Europe. The main objective of the project
is to improve the EARLINET
infrastructure resulting in a better spatial
and temporal coverage of the
observations, continuous quality control
of the complete observation system, and
fast availability of standardized data
products. EARLINET-ASOS is
organized in the following networking
activities (NA).

Networking Activities

NA1. Management

Management comprises the areas of
communication with the Commission for
all contractual and administrational
matters.

NAZ2. Exchange of expertise

Exchange of expertise with the main
goal of defining and disseminating best
practice and knowledge.

NA3. Quality assurance

Quality assurance program for both
algorithms and instruments for assessing
and assuring common high quality
standards.

NA4. Optimization of instruments

Optimization of instruments for
achieving a better temporal coverage and
standardization of performance.

NAS. Optimization  of  data
processing

Optimization of data processing with
the goal of establishing an automatic
processing from raw data to final products.

NA6. Database construction and
operation

Establishing a database provided with
an user interface for dissemination of data.

Project objectives

The overall objectives are:

To extend the development of the
European  Aerosol = Research  Lidar
Network as a world-leading instrument for
observation of the 4-dimension spatio-
temporal distribution of aerosols on a
continental scale, resulting in accurate,
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well-defined, and easily accessible data
products for use in science and
environmental services.

To enhance the operation of this
instrument to foster aerosol-related process
studies, validation of satellite sensors,
model development and wvalidation,
assimilation of aerosol data into
operational models, and to build a
comprehensive climatology of the aerosol
distribution.

To play a leading role in the
development of a global observation
network  for the aerosol vertical
distribution as a major innovative element
of Global Earth Observation System of
Systems (GEOSS), by setting the
standards for instruments, methodology,
and organization in this specific area.

To facilitate the achievements
verification, more specific technical
objectives are defined:

Maintaining quality assurance’ for all
20 stations at the highest possible level.
This includes spreading of good practice
for system control and operation as well as
end-to-end checks of performance.

Establishing common standards for
advanced aerosol lidar instruments with
improved temporal coverage, operation
procedures, data processing, and retrieval
of optical, microphysical, and other
derived parameters.

Extending an observation scheme of
regularly scheduled measurements and
additional measurements for special
purposes  towards  better  temporal
coverage.

Collecting data, including auxiliary
data, in a comprehensive data base and
implementing a user interface providing
fast and easy access to well structured data
for both internal and external users, e.g.,
atmospheric  researchers, global and
regional climate modellers, satellite
community, and environmental agencies.

Establishing a platform for cooperation
and coordination with the relevant
observation and user communities, and
serving as a nucleus for a world-wide
aerosol lidar network.

The LIDAR system of the Institute of
Electronics — BAS

Initially, three lidars of the Institute of
Electronics of the Bulgarian Academy of
Sciences were involved in the project
EARLINET-ASOS. Presently, because of
commitment of part of the team in other
scientific projects, only one of the lidars
produces regularly measurement data
available to be uploaded on the common
EARLINET-ASOS database. This is an
aerosol lidar based on a CuBr-vapor laser
at wavelength 510.6 nm and detection in
photon-counting mode. Three reserachers
are working with this lidar system: D.
Stoyanov, 1. Grigorov and G. Kolarov. The
implementation of a more sophisticated
lidar is in progress and near completion
and involvement in regular lidar
observations. In addition to the two
receiving aerosol channels at wavelengths
1064 nm and 532 nm, it will use a third
receiving channel based on Raman
scattering on atmospheric nitrogen at
607 nm and will provide a more precise
profiling of the atmospheric aerosol
stratification. The development of this
lidar is thanks to the efforts of A. Deleva
and Z. Peshev.

Some of the technical parameters of
the lidars are shown in Tablel.

Table 1. Technical parameters of the lidars.

Lidarl Lidar2

Laser CuBr Nd:YAG
Wavelength [nm] 510.6 532, 1064
Pulse energy [mJ] 0.07 80

Pulse repetition rate [Hz] 13 000 2

D =200 D=350

Telescope [mm] F=1000 | F=1960




Annual Report IE 2008

103

Project Partners

Principal Participating Principal Participating
Investigator Institution Investigator Institution
Gelsomina Consiglio Nazionale delle | Stefan Kinne Max-Planck-Gesellschaft zur
Pappalardo Ricerche - Istituto di | (Project Deputy | Fiirderung der Wissenschaften
(Project Metodologie per I'Analisi | Coordinator) e.V. represented by
Coordinator) Ambientale, Potenza, Italy Max-Planck-Institut flir
Meteorologie, Hamburg,
Germany
Dimitris Balis Aristotle University of | Adolfo Comeron | Universitat Politecnica de
Thessaloniki, Catalunya, Barcelona,
Thessaloniki, Greece Spain
Matthias Wiegner | Meteorologisches Institut | Albert Ansmann | Leibniz-Institut fiir
der Ludwig-Maximilians- Troposphérenforschung,
Universitét, Munich, Leipzig, Germany
Germany
Arnoud Apituley | National Institute for | Christine Zentrum  fiir Dynamik
Public Health and the | Bockmann komplexer Systeme,
Environment, Bilthoven, Universitat Potsdam,
The Netherlands Potsdam, Germany
Anatoli Institute ~ of  Physics | Georg Hansen Norwegian Institute for Air
Chaikovsky National Academy of Research, Tromsd, Norway
Sciences, Minsk, Belarus
Valentin Mitev Observatory of Alexandros Ethnikon Metsovion
Neuchatel, Neuchatel, | Papayannis Polytechnion Athinon,
Switzerland Athens, Greece
Maria Rita University of Lecce, Vincenzo Rizi Universita  degli  Studi
Perrone Italy L"Aquila, Italy
Valentin Ecole  Polytechnique | Aleksander Institute of Geophysics,
Simeonov Federale de Lausanne, | Pietruczuk Polish Academy of
Switzerland Sciences, Belsk, Poland
Nicola Spinelli Instituto Nazionale per | Dimitar V. Institute of Electronics,
la Fisica della Materia, | Stoyanov BAS, Sofia, Bulgaria
Napoli, Italy
Thomas Trickl Forschungszentrum Francois Ravetta | Institute Pierre Simon
Karlsruhe, IMK-IFU, Laplace, Paris, France
Garmisch-Partenkirchen,
Germany
Manuel Pujadas | Centro de Investigaciones

Energéticas, Medioambi-
entales y Tecnologicas,
Department of Environ-
ment Air Pollution Unit,
Madrid, Spain




104

Selected Projects

As mentioned above, the first lidar
system® (Lidar 1), uses a CuBr-vapor laser,
with pulse repetition rate of up to 13 kHz
and average power of 1 W. This allows
signal registration in photon-counting
mode throughout the entire sounding
range, from 900m to about
10000 -12000 m. The receiving electronics
permits adjustment of the sampling step at
0.1 or 0.2 ps (spatial resolution of 15 or

30 m). The second lidar system® (Lidar 2)
was developed recently, and, besides the
Nd-YAG laser and analog signal detection
of Mie backscattering of atmospheric
aerosol at two wavelengths (532 nm and
1064 nm), an additional Raman channel
will be designed for independent aerosol
extinction and backscatter coefficients
measurements. Its distance range can reach
25-30 km with spatial resolution of 15 m.

Lidar 1

The lidars are located at the same site,
at a distance of 50 m from one another.
Lidar 1 performs measurements of the
atmospheric aerosol distribution in a
vertical direction. The field of view of
Lidar 2 is inclined and the slope of its axis
can be adjusted from 0° to 35° with respect
to the horizon.

The assessment of the accuracy of
operation of the lidars was carried out by a
comparison’ of the aerosol backscatter
profiles calculated from the measurements
data. The mean difference yielded a value
of 1.38x 1077 (st m)”', which was below
the permissible limit> 5x 107 (sr m)".
The same applied to the standard deviation
of the differences. The preliminary test to
check the algorithm used by the lidar
teams in Sofia to calculate the aerosol
backscatter showed a relative error of
10.96 % at altitudes of approximately 3.5 km".

Lidar 2

Three types of lidar measurements are
performed in Sofia lidar station:

e Regular lidar measurements with
the aim of establishing a common database
from measurements of profiles of the
atmospheric aerosol backscatter
coefficient. = The measurements are
conducted twice weekly, every Monday at
noon when the sun is in zenith, and in the
evening during sunset, and every Thursday
at sunset.

e Observation of special phenomena,
such as unusually high concentrations of
aerosols in the troposphere. Their
appearance may be due to transportation of
a dust from Sahara over the Mediterranean
Sea to Europe, volcanic eruptions,
formation of smoke layers as a result of
forest or industrial fires, intense
photochemical smog, etc. In some cases
such aerosol layers are detected at



Annual Report IE 2008

105

significant altitudes — 4-6 km above the
ground surface.

e Measurements in the frame of
cooperation with a satellite missions
within  the objective of detailed
comparison  of  ground-based and
spaceborne lidar data sets over Europe.

A large database was created
accumulating the atmospheric aerosol
backscattering coefficient profiles,
regularly measured each Monday and
Thusday by the lidar in Sofia. Gaps in the
measurement schedule are due to cloudy
or rainy weather, when risks of damage to

Sofia, 29 May 2008
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the lidar optics existed. Failures in the
lidar system have also occasionally caused
gaps in the regular measurement schedule.
The Fernald’s inverse methode’ algorithm
was applied in data processing.

An exemple of such a regular lidar
measurement performed in Sofia on 29
May 2009 is presented below.
Additionally, a map of the Saharan dust
load forecast over Europe, made by the
Barcelona Supercomputing Center (BCS)
and backward air mass trajectories™,
calculated by NOAA Hysplit model online
software, are presented on the figure.

Sofia_EARLINET station,

Position: 42.65°N, 23.38°E, 550 m ASL

29 May 2008,

Measurement start: 09:26 UTC - stop 12:56 UTC,
Measurement type: aerosol backscatter at 510.6 nm,
Comments: Dust layer at about 2500-3000 m ASL.

NOAAHYSPLIT MODEL
Backward trajectories ending at 1200 UTC 29 May 08
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Vertical Metion Calculation Method: Model Vertical Veloci
Produced with HYSPLIT from the NOAA ARL Website (hitp:/www.arl.noaa.gov/ready/)

18 12

Regular climatological lidar measurement in Sofia; 29 May 2008.

As it can be seen an important aerosol
concentration, signalled by an increase of
the atmospheric backscatter coefficient
values with the high is registered during
this lidar measurement. Together with

BSC forecasting map and calculated air
mass backward trajectories, a conclusion
about the aerosol’s origin is made, namely,
that it is due to transportation of dust from
Sahara over the Mediterranean Sea to Europe.
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On the next figure we show an
observation of a special phenomenon
signaled by the Project coordinator of
EARLINET-ASOS. At the end of May
2008, all lidar stations were alerted to
perform observations in view of obtaining
as full as possible images of an intensive
Saharan dust transportation over Europe.
The results of these measurements are

Sofia, 30 May 2008

Altitude ASL, km
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collected on a common database. Below
we present the evolution of the
atmospheric backscatter profiles measured
over Sofia lidar-station on 30 May 2008. A
thick dust layer at altitude from 2000 m to
4000 m was observed. The backward
trajectories calculated confirm that the
aerosol layers originated from Sahara.

Sofia_EARLINET station,

Position: 42.65°N, 23.38°E, 550 m ASL

30 May 2008,

Measurement start: 10:30 UTC - stop 13:00 UTC,
Measurement type: aerosol backscatter at 510.6 nm,
Comments: Dust layer at about 2000-4000 m ASL.

NOAA HYSPLIT MODEL
Backward trajectories ending at 1200 UTC 30 May 08
GDAS Meteorological Data
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Measurement on alert Saharan dust over Europe; 30 May 2008.

EARLINET and CALIPSO project

The EARLINET-ASOS community
participates in the Quid pro Quo (QPQ)
validation measurements of the project
Cloud-Aerosol  Lidar and Infrared
Pathfinder Satellite Observations
(CALIPSO). This is a joint U.S. (NASA)
and French (Centre National d'Etudes

Spatiales/CNES) satellite mission with an
expected 3 year lifetime. CALIPSO
represents a free-flying laser radar
experiment (lidar) in space and provides
crucial global data on atmospheric clouds
and aerosols needed for climate studies.
Ground located EARLINET stations were
estimated as being an optimal tool to
validate CALIPSO lidar data and to
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provide the necessary information to fully
exploit the information from that mission.
In  particular, aerosol extinction
measurements provided by the network
would be important for the aerosol
retrievals from the CALIPSO backscatter lidar.

The group “Aerosol Lidar with CuBr-
vapor laser” have performed correlative
measurements for CALIPSO since June
2006.  These

performed in coincidence with CALIPSO

measurements WEre

Sofia_EARLINET station, Position: 42.65°N, 23.38°E, 550 m ASL

30 July 2008
Case A measurement, Distance 18.747 km

overpasses. Each observation lasted for a
minimum of 1 hour centered around the
overpass time above Sofia. Longer records
of measurements were performed for
special case studies (Saharan dust layers,
forest fires, etc.). Actually, more than 300
profiles of the atmospheric backscatter
coefficient, measured by the lidar group,
were uploaded on the servers of the
common database in Hamburg.

Measurement start time: 29 Jul 18:39 UTC - stop time 30 Jul 01:50 UTC

CALIPSO overpass time: 00:41:20-00:41:40 UTC
Measurement type: aerosol backscatter at 510.6 nm.
Comments: Clear atmosphere.

30 July 2008, CALIOP 532nm Attenuated Backscatter Backsc.coef., 1/(m sr)
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Calipso lidar CALIOP measurement on 30 Jul. 2008. The
vertical red line marks the closest position to Sofia
EARLINET lidar-station.
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CALIPSO correlative measurement performed in Sofia on 29 July 2008.
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HYPERTHERMIA EFFECT IN MAGNETITE BASED-FERROFLUIDS

Project TH-1/01 funded by the Bulgarian National Science Fund
at the Ministry of Education and Science

I. Nedkov, L. Slavov, T. Merodiiska, P. Lukanov

The recent developments in
bio-medical applications of  the
nanotechnologies created opportunities for
combating one of the greatest challenges
to modern medicine, namely, cancer
treatment [1]. The nanosized spherical
monodomain magnetite particles are
unique in this respect. The critical size for
a monodomain particle depends on several
factors, including  the saturation
magnetization and the magneto-crystalline
anisotropy of the material. On the other
hand, the spherical shape of particles is
more suitable for applications in the
human body. In the case of magnetite, the
value for the transition from a polydomain
to a monodomain state is around 60 nm
[2]. Below a certain critical temperature
T., these particles retain the properties of
the bulk magnetic material. Above it, one
observes the phenomenon of
“superparamagnetism” (SPM), which is
not a paramagnetic behavior of a single
atom, but rather a collective behavior of
antiferromagnetically ordered spin
magnetic moments constrained within the
particle’s volume. This results in unique
magnetic properties of the particle when it
interacts with an electromagnetic field.
These nanomaterials are considered
promising for the development of
biocompatible fluids that could deliver
drugs in the blood or lymph system to a
cancerous tissue. Another application that
is now regarded as feasible is the so-called
hyperthermia, whereby the ferrofluid
already accumulated in the organ to be
treated is heated up by applying an ac
magnetic field, thus destroying the
malignant formation.

Ferrofluids based on two types of
hybrid  particles  Fe;O04/B-CD  were
prepared: Using monodomain (below
60 nm) magnetite nanoparticles with (A)
non-superparamagnetic (non-SPM)
behaviour and (B) with superparamagnetic
(SPM) behavior we found a strong
dependence of the hybrid particles’
magnetic properties on their size and
homogeneity [3]. In both types of
ferrofluids we observed hyperthermia
upon applying an ac electromagnetic field
with frequency 40 kHz and amplitude
30 kA/m. Heating experiments were
performed in a simple arrangement using a
coil of three windings. The temperature
was  measured by  Cu-Constantan
thermocouples  placed at  different
distances from the heating source.

The heating of magnetic nanoparticles
is due to the movement of the magnetic
moment away from the crystal axis called
the Néel mode (ty=t,exp(KV/kBT)) and to
the oscillation of the whole nanoparticle,
called the Brownian mode
(tg=4mnr2/kBT). 1t is a strong function of
the size of the nanoparticles [4]. These two
relaxation effects cause a mechanical
motion and friction with the media so that
heat is released. When an ac
electromagnetic field is applied to the
system  (medium/discretely  dispersed
particles), the particle rotates so as the
total magnetic moment is oriented along
the easy magnetization axis and begins a
motion of precession along the magneto-
crystalline anisotropy, with a certain time
of relaxation (Néel’s relaxation). When the
observation time of the electromagnetic
measurements is comparable to the
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resonance frequency of the magnetic
particles in the fluid, f,, then the M relaxes
during the measurement and the
phenomenon known as  “magnetic
viscosity” appears. The magnetization as a
function of time after an ac field is applied
is as follow [5]:

M(z) =M (1~ Tef " n(E)dE), (1)

0

where n(E)dE is the fraction of particles
having an energy between E and E-dE.
The existence of so-called “boundary
effect” [5] in the magnetic nanoparticles
leads to a decrease in the particles’
magnetization in comparison with that of
bulk magnetite. Our previous investigation
[6] shows that to a depth of about 3 nm the
nanoparticles have a quasi-maghemite
structure. The magnetic characterization of
the particles in the fluids show that as the
particles size diminishes, the effective
surface augments its share and exerts
increasing influence on the nanoparticles
magnetic properties. This has a strong

impact on the hyperthermia effect of the
ferrofluids. It is obvious that the
magnetite’s magnetic properties are the
reason for the different processes of
energy dissipation in the two types of
ferrofluids. The hyperthermia effect is
considerably better expressed (A7) in
monodomain particles that have no
superparamagnetic  properties at the
respective temperatures. In contrast with
the SPM particle, however, the non-SPM
one preserves its magnetic behavior at
room temperature in the absence of an
external electromagnetic field. This can
lead to a number of side effects, such as
aggregation, dipole interactions, etc.,
which can hamper the possible bio-
applications of such particles. This is an
issue that still remains in the domain of
theoretical disputes between scientists
active in the field of magnetism of the
nanosized state, as clear quantitative
experimental data are lacking on the
respective contributions of the
monodomain SPM and non-SPM particles
to the hyperthermia effect.
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Fig. 1. Effect of hyperthermia in ferrofluids based on A non-SPM
monodomain hybrid particles Fe;04/B-CD and B, on SPM particles.
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The process of “hyperthermia” is observed
in highly viscous media containing
nanosized magnetic particles, the so-called
ferrofluids. Fig. 1 illustrates the
hyperthermia effect in the two types of
ferrofluids studied. It is obvious that the
magnetite’s magnetic properties are the
reason for the different processes of
energy dissipation in the two types of
ferrofluids. In the case of a fluid
containing non-SPM  particles, the
temperature difference, A7, due to the
application of an external electromagnetic
field was larger for the same 7. The
maximal A7 upon irradiation with duration
of about 12 minutes for the non-SPM
particles was 12 °C, while for the SPM
ones it was 3.5 °C. MFM studies of the
ferrofluid based on particles with
monodomain non-superparamagnetic
magnetite showed good homogenity, with
96% of the particles with sizes below
30 nm. Cluster formations were observed
with sizes of up to 67 nm, tending to grow
with time and sediment, as seen in a
precipitate examined. The presence of
such aggregates gives us reason to believe
that applying such fluids in vivo for
accumulation in tumor cells could be
hindered by the clusters’ large size, in

spite of the stronger dissipative processes
and, respectively, the larger AT.
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NATIONAL CENTER OF EXCELLENCE ON BIOMEDICAL PHOTONICS

Project under the “Centers of Excellence in Scientific Research”
financed by the National Scientific Fund of Republic of Bulgaria

Terms: 2009-2010
Total support: 1.7 Million BGN

Consortium: Institute of Electronics (IE) — Basic organization,

Institute of Organic Chemistry (I0Ch),

National Oncology Center (NOC) - Specialized Hospital for Active Treatment,

University Hospital (UH) “Tsaritsa loanna”.

Project Leader: L. Avramov, PhD
Research Team:

E. Borisova IE, A. Tacheva Daskalova IE, A. Gisbreht IE, I. Bliznakova IE, D. Petkov IE,
L. Tsakova IE, D. Dogandjiiska IE, D. Stoyanov IE, T. Dreischuh IE, L. Gurdev IE, O. Vankov IE,
Dr. P. Troyanova NOC, Dr. E. Pavlova NOC, Dr. N. Hadjiyolov NOC, Dr. V. Draganov NOC,
Dr. M. Shindov NOC, Dr. B. Vladimirov UH “QG”, Dr. V. Atanasov UH “QG”,
Dr. I. Terziev UH “QG”, Dr. R. Ivanova, UH ‘“Alexandrovska”, B. Tchorbanov, 10Ch,
V. Mantareva I0OCh, 1. Angelov IOCh, P. Pavlova, TU-Sofia - Plovdiv Branch,
Dr. K. Koev UH “Alexandrovska”, A. Tcherveniakov Hospital“Pirogov”, V. Kussovski IMb.

Main Project Topics:
e Tissue optics
e Medical imaging (spectroscopy,
topography, tomography)
e Photodynamic and nano-medicine
e Instrumentation and
implementation

Based on the modern economic theory
of the competitiveness of the nations, a
program was developed in IE-BAS for
creating a new high-technology market
niche, namely, Laser Medicine. It was
awarded the first prize of the Bulgarian
Academy of Sciences’ competition
“Bulgaria in 21* Century. Promising
Market Niches and Related Research
Activities” The research in this field
comprises the study of the optical
properties of biological tissues and of the
interaction of light and laser light with
biological structures and the development
on this basis of diagnostic the therapeutic
techniques and equipment.

In order to achieve the above goals, a
new scientific research laboratory was
established in IE-BAS that has at its

disposal multifunctional experimental
equipment for studying the photophysical
characteristics of human and other
biological tissues, in particular, for
acquiring and analyzing fluorescence,
reflection and absorption spectra in the
UV, visible and near IR ranges on
different time scales.

The research team of the laboratory
completed systematic in vivo and in vitro
research cycles on the optical properties of
human tissues. The changes were
registered  occurring in the auto-
fluorescence and reflectance spectra due to
pathological processes. The main lesions
were classified with respect to their optical
characteristics. Diagnostic methods and
algorithms were developed for the analysis
of benign and malignant lesions in the skin
and other tissues based on their
fluorescence and reflection properties. The
results were published in over 100
scientific reports in specialized journals,
proceedings and chapters in monographs.

A family was developed of novel light
and laser light diagnostic and therapeutic
techniques and devices. Most of them have
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successfully passed technical and clinical
tests and have been introduced in the
medical practice of Bulgaria’s healthcare
network. Using them, more than 1000
surgical and therapeutic procedures have
been performed on patients with over 50
types of ailments with exceptionally high
clinical effect. The remarkably high
medical and social significance was thus
proved of the laser techniques and
equipment developed.

Apart from the above, information,
including telemedical, systems were
developed with the purpose of the efficient
dissemination and application of the laser
diagnostic and therapeutic methods.

In the past few years in IE-BAS, more
than 40 diploma works (for the BS degree)
and one PhD thesis in the field of
Biomedical Photonics were completed and
successfully defended; training courses
were also organized for medical personnel
working with laser equipment. Currently,
several undergraduate and graduate
students are working on topics in the field
considered.

The base team of the project proposed
has created a wide network of international
relations with scientists from more than 20
countries in  Europe  and  the
Commonwealth of Independent States,
which have been formalized in several
contracts, including wunder the EU
Framework Programs. Activities on topics
of the field of the Center proposed are
carried out under ongoing projects with
research institutions in the United
Kingdom, Germany, Italy, Romania, India,
and Russia.

The research teams established and
operating under these contracts have
acquires experience in all fields of
activities envisaged in he project proposed,
namely, tissue optics, image diagnostics,
photodynamic  medicine, and their
applications.

A main priority of the research team is

participation in national and international
research networks. The fruitful
cooperation with the GIS Transfer Center
has resulted in the preparation and
submission in 2007 - 2008 of two projects
under the 7" FP of EU. A project was also
submitted under the “Research for the
Benefit of SME” Program of EU.

In March 2007, following the initiative
of members of the team of the Center
proposed, Bulgaria joined the newly
established  European  Platform  for
Photodynamic Medicine”.

The present project is a logical
continuation in the development of the
research capacity of the existing structure,
both in terms of human resources and of
physical research infrastructure.

The main effort will be focused on
expanding and updating the experimental
equipment with respect to spectral and
temporal measurements. In what concerns
the spectral techniques, the existing
equipment covers the electromagnetic
spectrum from the UV to the near IR
ranges; while the temporal resolution
techniques extend cover cw. to
picosecond processes. By the end of the
three-year period the Center will achieve
experimental and thematic completeness
by means of the equipment capacity
expansion envisaged in the project to the
IR range and femtosecond processes, as
well as by including Raman and LIDS
spectroscopic techniques.

The human resources will be
developed in conjunction with and in
relation to the improvement of the research
infrastructure. By way of opening new
employment positions and graduate studies
opportunities, the possibility will be
created for the Center of Excellence’s
adequate functioning as a sustainable and
self-perfecting unit that will corresponds
to, and in some aspects exceeds, the
average level of the European laboratories
in the field in question.
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NEW MATERIALS, NANO-DIMENSION DEVICES AND ELECTRONIC
CONTROL SYSTEM CREATED FOR/BY BEAM TECHNOLOGIES

Project DO 02-40 financed by the National Scientific Fund of Republic of Bulgaria

Terms: 2009-2010
Total support: 46 kBGN

Project Leaders:

Georgi Mladenov, Corresponding Member of Bulgarian Academy of Sciences

(from the Bulgarian side);

Yuriy Yakymenko, Corresponding Member of National Academy of Sciences of Ukraine

(from the Ukrainian side).

Research Team (from the Bulgarian side): K. Vutova, E. Koleva.

Aim of the project

Exchange  of  experience  and
cooperation in the design and preparation
of new materials (solid solutions and/or
multilayer structures of semiconductor,
metal and insulator thin  films),
development of concepts for new nano-
scale electronic component and control
systems utilizing or applying particle or
photon beams.

Objectives

e Analysis of microelectronic
elements, materials and technological
limits in the range of sub-100nm
dimensions. Use of finFET, UTBFET,
HEMT, THz transistors, hetero-transistors
etc., in control systems.

e A detailed concept for the use of
new two-terminal elements (including
memristors-resistors with memory and
latching switches) and circuits on their
basis, as well as hybrid systems with nano-
transistors in information systems.

e Preparation of thin films and semi-
conductor multilayer nano-scale systems
for nano-electronic, optoelectronic,
photovoltaic or display devices.

e Preparation of manuscripts for a
joint monograph in the field of the project.

Task sharing

The Bulgarian participants belong to
the Institute of Electronics (Laboratory of
Electron Beam Technologies) at the
Bulgarian Academy of Science and to the
Department of Microelectronic
Technology,  Electronic = Engineering
Faculty at the Technical University of
Sofia. They have accumulated experience
and knowledge on electron lithography,
thin film preparation and structuring,
electron beam modification of materials,
as well as in physical electronics,
including nanodevices and nanosystems.

The Ukrainian team belongs to the
Kiev Polytechnical Institute and to the
“E.O.Paton” Electrical Welding Institute
of the Ukrainian Academy of Sciences.
They have accumulated knowledge and
experience in the design and studies of
control systems for beam technological
plants.

The teams have published a joint
monograph on microprocessor control of
beam technologies in Kiev (recognized by
the  Ukrainian  National = Technical
University “Kyiv Polytechnic Institute” as
one of the best scientific publications)
where some results of the collaborative
research were summarized.
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Background

The early years of the new millennium
witnessed the beginning of a revolution in
nanotechnology. The USA in 2001, Russia
in 2006, and the European Union in 2007
launched own programs and focused
resources on research and development in
this field. It is realistic to expect that
nanotechnology applications will
fundamentally change many industries:
informatics and communications, energy
generation and storage, chemistry and
bioengineering, medical instrumentation,
intelligent devices and smart materials for

transport  vehicles and  domestic
appliances.
For the electronic  engineers,

nanotechnology is an extended and
improved microelectronic technology in
various applications.

Since 1965, when the “Moor Law” was
formulated, the number of the transistors
on a semiconductor chip has doubled
every 18 months. Decreasing dimensions,
energy consumption and price of the
electronic  elements, together  with
increasing the number of transistors and
surface area of integrated circuits and
silicon wafers have been the main trends in
microelectronic fabrications. The semi-
conductor industry has now reached the
critical dimensions of many MOS field-
effect transistors included in various
integrated circuits for information storage
and processing: channel dimensions in the
order of some tens of nm (less than
100 nm) and gate oxide thickness, 1-2 nm.
Quantum-mechanical phenomena arise in
this region of nano-scale structure
components of electronic elements. A
short list of these phenomena are: electron
tunneling through nano-dielectric films or
barriers between hetero-junctions of

semiconductors with narrower and wider
forbidden bands, 2-D or 1-D electron gas
in nano-films or inverse layers as well as
in quantum wires, specific electron
structure of quantum dots, ballistic motion
and interference of electronic wave
functions in nanowires and nanoFETs as
well as transportation of spin-polarized
current, spin valves and giant magneto-
resistance in sandwiches of ferromagnetic
and non-ferromagnetic materials.

In the near future, few improvements
in the nano-field-effect transistors design
will take place: use of new materials in
view of improving the mobility (solid
solutions of Si and Ge in the form of
epitaxial mono-layers or supper-lattices
are applicable), replacing SiO, with thin
high k& dielectrics, but with no charges near
the interface with the silicon channel,
replacing the polysilicon gate (doped and
activated) with metallic gate thus obtaining
suitable band structure and contact
potential voltage.

To summarize, new types of
nanoelectronic  components  will  be
employed to designing ever faster (high
frequency) circuits with low consumption,
based on qualitatively new phenomena
rather than on current control. It is
generally expected that two-terminal
nonlinear circuits (elements) could be used
as components of hybrid two-terminal
devices and of nanotransistors, or
independently.

From a technological point of view,
together with the use of a “top down”
procedures of creating nano-dimension
devices (based on lithography), self
organization (bottom up) processes will
also be used. Here graphene or carbon
nanotubes will play a very important role
and must be studied and analyzed in view
of all possible applications.
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RESEARCH ON AND DEVELOPMENT OF NEW MATERIALS
BASED ON RECYCLING OF REACTIVE AND REFRACTORY
METAL SCRAP USING ELECTRON BEAM METHOD

Project TK01-073 financed by the National Scientific Fund of Republic of Bulgaria

Terms: 2009-2011.
Total support: 320 kBGN

Project Leader: Katia Vutova, Dr.Sc.

Research Team: G. Mladenov, V. Vassileva, E. Koleva, M. Beshkova, E. Georgieva,
E. Petrov, T. Nikolov, R. Nikolov, A. Stoilov.

Project objectives

* To concentrate the knowledge,
experience, and efforts of researchers and
engineers working in the field of physics,
mathematics, technologies, chemistry;

* To investigate in detail (on the basis
of adequate mathematical modelling and
experimental results) and explain the
processes of refining in electron beam
melting while accounting for the economic
and environmental aspects of refractory
and reactive metals recycling;

* To organize innovative industrial
implementation of new technologies and
equipment with the purpose of producing
new materials via recycling of expensive
materials scrap and alloys using the
electron beam method.

This multidisciplinary project includes
research and development action and
methods in the following areas: materials
science, electron beam technologies,
numerical and statistical methods for
process modelling, quality management,
environmental sciences, economics.

The results expected can be formulated
and classified as follows:

- the complex physical and
physicochemical processes taking place
during the interaction of an intensive
electron beam with the material, the
temperature distribution in the metal,
molten pool geometry, phase transitions,

impurity concentration and processes of
mass transfer will be investigated and
studied and new data will be acquired in
the case of refining of reactive and
refractory metals and alloys;

- optimization of process parameters,
development of electron beam
technologies (environmentally friendly
technologies) for obtaining new materials
for many areas of human activity
(mechanical engineering, instrument-
engineering, electronics, electrical
engineering, transport, power engineering,
medicine), optimization of the electron
beam  technology  equipment, and
improving the composition and quality of
the new materials.

- the qualification of the staff will be
increased by training on working in a
modern and promising area — vacuum
electrometallurgy and its application to
recycling valuable metals and alloys to
obtain new materials; the raw resources of
these materials are scarce on a worldwide
scale while large quantities of scrap are
destroying the environment.

- the efficient integration between
participants  from the Institute of
Electronics and private = companies
(specialists and experts from different
areas) will allow the team to respond to the
market demand for metals by applying
electron beam melting to utilizing the
waste metals available in Bulgaria and to
synthesizing new materials possessing new
properties that could be used in different
state-of-the-art manufacturing processes.
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PLASMON AND OPTICAL PROPERTIES OF METAL NANOPARTICLES
AND THEIR APPLICATION IN HIGH SENSITIVITY
RAMAN SPECTROSCOPY AND BIOPHOTONICS

Project TKO01-103 financed by the National Scientific Fund of Republic of Bulgaria

Terms: 2009-2011
Total support: 240 kKEUR

Project Leader: N.N. Nedialkov, Ph.D.
Research Team:

P.A. Atanasov, M.E. Koleva, A.Og. Dikovska, A.S. Nikolov, St.D. Donchev, S.E. Imamova,
E.L. Pavlov; I.G. Dimitrov, N.E. Stankova, D.R. Milev, Ts.G. Naidenova, R.B. Rangelov.

Objectives

The objects of investigation of the
scientific project are the mechanisms and
effects of  interaction of  the
electromagnetic field with noble metal
nanoparticles and nanostructured objects,
their optical properties, the characteristics
of the electromagnetic field in the near
field in the vicinity of these structures,
their plasmon properties and applications.

Partners

- Gas Lasers and Laser Technologies
Laboratory at the Acad. E. Djakov
Institute  of  Electronics,  Bulgarian
Academy of Sciences (IE-BAS);

- Specialized Hospital for Active
Treatment of Cancer (SHATC), Sofia,
Bulgaria;

- Immunology Department at the
Institute of Experimental Pathology and
Parasitology, Bulgarian Academy of
Sciences (IEPP-BAS).

Main scientific goals of the project

- Investigation of the characteristics of
the plasmon resonance and related optical
properties of noble metal nanoparticles and
nanostructured objects; study of the
dependence  of the particle and
nanostructured objects parameters,
properties of environment and the incident
irradiation on their optical properties.

- Description of the properties of the
electromagnetic filed in the near field zone
in the vicinity of noble metal nanoparticles
and of two and three dimensional
nanostructured objects; determination of
the influence of the nanoobjects
parameters, properties of environment and
the incident irradiation.

- Development of a method for
fabrication of metal nanoparticles and
nanostructures based on laser ablation.

- Application of the unique properties
of noble metal nanoparticles in the field of
precise molecular analysis and
biophotonics; in vitro experiments on
tumor cells lines (human and mouse) for
estimation of the toxic effect of using
nanoparticles; in vitro experiments with
normal cells for assessment of the immune
reaction due to application of gold
nanoparticles. In vivo treatments of tumors
in animals using a photothermal effect
mediated by gold nanoparticles.

Expected results

- Revealing the fundamental physical
basis of the interaction between an
electromagnetic field and noble metal
nanoparticles and nanostructures.

- Describing the optical and plasmon

characteristics of noble metal
nanoparticles and nanostructures.
- Practical application in biophotonics and
the area of high-sensitivity material
analysis. Obtaining results with high
social impact.
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NEW MAGNETIC AND MAGNETO-ELECTRIC MATERIALS FOR THE NEW
GENERATION OF ELECTRONIC ELEMENTS (DO 02-224)

Project under the “Promotion of Scientific Research in Priority Fields”
financed by the National Scientific Fund of Republic of Bulgaria

Terms: 2009-2011
Total support: 500 kKBGN

Project Leader: K. Krezhov, Dr.Sc.
Research Team:

I. Nedkov, T. Koutzarova, S. Kolev, V. Pencheva, S. Penchev, L. Slavov, P. Lukanov,
R. Kakanakov, D. Kovacheva, T. Ruskov, N. Trendefilova, I. Spirov, V. Antonov,
[. Georgieva, S. Kovachev, P. Krastev, H. Penchev, P. Tzvetkov, Tz. Lazarova,
A. Zaleski, R.E. Vandenberghe, E. Svab, A. Alons.

Project objectives

The multifunctional composite
materials are promising in view of the
development of novel devices

characterized by  reduced  energy
consumption and environmental impact.
The main project objectives are
preparation, characterization and
comprehensive study of new magnetic and
magneto-electric oxide materials. To this
end, chemical substitutions will be
employed to optimize the materials’
properties, together with theoretical
modeling of the electronic bonds.
Techniques will be applied for synthesis of
bulk and of thin-film samples, such as
co-precipitation, sol-gel, ignition
synthesis, spray pyrolysis, thermal and e-
beam evaporation, magnetron sputtering,
electric-arc deposition. Another objective
is acquiring structural information on the
effect of the synthesis on the structural
relations responsible for the transport
properties and of other manifestations of
the electronic structure. Phase transitions
will be explored in near- and long-range
order in view of clarifying the
relationships between the local structural
deformations and the global magneto-
electric properties. Techniques such as
X-ray and neutron diffraction and
Maossbauer spectroscopy will be employed,
together with optical, magnetic and
electric measurements. These will be
performed in cooperation with leading
laboratories in the field of synthesis and

characterization of materials. The project
will promote the transfer of knowledge to
the industry and the development of novel
materials and technologies.

Results expected from the project
implementation

Mastering of modern numerical
techniques and applying them to the
modeling of the properties of magnetic and
magneto-electric materials; development
of ways of preparation of stable materials
with reproducible properties; contributions
to the field of fabrication of novel bulk and
thin-film materials with various sizes of
the constituting particles; determining the
effect of atomic substitutions on
characteristic (critical) temperatures -
ferroelectric, ferromagnetic, anti-
ferromagnetic - of magnetic and magneto-
electric materials studied during the
project implementation; revealing the
particle size effect on the structural
parameters and electric, optical and
magnetic properties of the materials
studied; establishing clear functional
dependencies of changes in optical
radiation properties caused by magnetic
transitions; verifying the reliability of
various theoretical models predicting the
materials’  structure and  properties;
clarifying the relationships between the
techniques of synthesis and the materials’
structural and morphological parameters.
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THICK FERRITE FILMS PREPARATION BY
DEPOSITION IN A MAGNETIC FIELD

Project under the Bilateral Scientific Cooperation between
Republic of Bulgaria and Republic of Slovenia — DO 02-99
financed by the National Scientific Fund of Republic of Bulgaria

Terms: 2009-2011
Total support: 28.8 kKBGN

Project Leader: T. Koutzarova, Ph.D.

Research Team: 1. Nedkov, S. Kolev, Ch. Ghelev.

Project objectives

The increasing  exploitation  of
microwave frequencies for
telecommunications has stimulated the
expansion of civil applications to mm-
waves. Nonreciprocal devices, such as
circulators, are irreplaceable parts in
highly efficient microwave modules for
telecommunication systems. Among the
several types of ferrites, hexaferrites are
the only materials suitable for mm-wave
applications. The anisotropic crystal
structure of BaFe;;0j9 results in high
saturation  magnetization and  high
magentocrystalline anisotropy with
anisotropy field. The ferromagnetic
resonance of BaHF occurs at around
50 GHz, which makes it suitable for mm-
wave applications and optimum properties
are predicted for magnetically oriented
thick films.

The main goal of this project is to
obtain knowledge for the preparation of
magnetically oriented thick films. We
intend to study the deposition of BaHF
particles in the presence of a magnetic field.
The idea is to exploit the magnetism of the
BaHF particles and the driving force of an
applied magnetic field for controlled
deposition of the particles. Among the
project objectives 1is optimizing the
processes parameters, starting from the
synthesis of nanosized BaHF particles, to
stabilizing them in a liquid carrier, to

orienting them by applying an external
magnetic field.

Expected results

The main result of the implementation
of the present project has to do with
forming the basis for the development of a
novel technology for the fabrication of
high-quality magnetic thick films of, in
particular, barium hexaferrite, that are
suitable for advanced applications in the
mm-range of the electromagnetic spectrum,
such as communications and information
technologies. It is envisaged that the
following scientific goals be achieved:

e - knowledge on the preparation of
monodispersed monodomain nanosized
particles of barium hexaferrite;

e - knowledge on the stabilization of these
particles in solutions, 1i.e., on the
preparation of stable suspensions by way of
establishing the  necessary  process
parameters;

e - knowledge on the magnetic field
distribution during the deposition process
when magnetic field sources of various
shapes and size are used;

e - knowledge on the mechanism of
deposition of monodomain nanosized
BaFe ;0,9 particles on various substrates;

e - knowledge on the preparation of
magnetically oriented thick BaHF films;

e - knowledge on the electromagnetic
properties of the films thus prepared.
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ORIENTED BaFe;019 LAYERS FOR MOCROWAVE ELEMENTS

Post-doctoral research project No DO 02 343
financed by the National Scientific Fund of Republic of Bulgaria

Terms: 2009-2011
Total support: 49.9 kBGN

Project Leader: C.M. Kolev, Ph.D.

Project objectives

The main driving force for this project,
besides the considerably lower cost of the
equipment necessary in comparison with
the well known physical techniques, is the
growing interest to hexaferrite films
applications in telecommunications. The
present project is important from the
viewpoint of the development of new,
simple and inexpensive solution of the
problem of fabricating oriented films of
BaFe;019 (BaHF). The objective of the
project proposed is the preparation of
magnetically oriented BaHF thick films by
means of using  magnetophoretic
deposition (MPD) in an external magnetic
field. Suspensions must be prepared for
this purpose that will remain stable during
the MPD process. The suspensions’
stability is affected by a number of factors,
such as the particles’ concentration, size,
shape, and surface potential, as well as by
the viscosity and polarity of the liquid
carrier and the type of stabilization. The
project implementation will include
optimizing the process parameters, from
preparing the suspensions to designing the
magnet-cell  system  necessary  for
conducting the MPD. The overall project

objective is acquiring new knowledge on
BaHF particles’ stabilization in a liquid
carrier and on the mechanism of the
particles’ deposition and orientation in a
magnetic field. The project’s final phase
will consist in assessing the oriented films’
microwave properties in view of possible
applications as microwave elements.

Results expected from the project
implementation

The main project results expected are
preparation of thick oriented BaHF films
and assessment of their applicability as
microwave components. The results of the
separate projects stages are expected to be:
e - Preparation of stable suspensions of
BaHF particles;
® - Preparation of oriented BaHF films;

e - Knowledge on the influence of the
magnetic behavior of hard magnetic
nanoparticles on the suspensions’ stability
and knowledge on the relationship
between the suspensions’ stability and the
quality of the films prepared by using
MPD;

e - Knowledge on the microwave

properties of oriented films prepared by
using MPD and on their applicability.
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e Fifteenth International Summer School on
Quantum Electronics: Laser Physics and
Applications
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FIFTEENTH INTERNATIONAL SCHOOL ON QUANTUM ELECTRONICS:
LASER PHYSICS AND APPLICATIONS (ISQE),
15-19 SEPTEMBER 2008, BOURGAS, BULGARIA

The International Schools on Quantum
Electronics: Laser Physics and
Applications (ISQE) have been organized
biennially since 1978 by the Institute of
Electronics at the Bulgarian Academy of
Sciences and co-organized since 1992 by
SPIE. The School has already turned into a
well-known forum, where both senior and
young scientists can present and discuss
current research problems in the field of
lasers and their applications in material

processing,  spectroscopy,  non-linear
optics, remote sensing, medicine and
ecology.

The XV International School on
Quantum Electronics took place from 15—
19 September 2008 in Bourgas, Bulgaria.
Over 120 scientists from Armenia, Austria,
Belgium, Canada, France, Germany,
Greece, Israel, Italy, Japan, Latvia,
Mexico, Romania, Russia, Serbia, Sweden,
the Netherlands, the United Kingdom, the
United States of America, and Bulgaria
participated in this edition of the School. A
wide range of subjects reflecting the
current trends in laser physics were
discussed during the invited lectures and
two poster sessions. Additionally, the
special session "Oral presentation of
selected posters," gave the opportunity to
some of the most promising young
researchers to present their work before
the entire audience. For the first time in
this issue of the School our co-organizers,
SPIE Europe, also provided three special
awards for the best student posters. The
winners are:

1* place:

Mr. Tatsunori Sakano, PhD student,
Department of Electronics and Electrical
Engineering, Keio University, Japan.

T. Sakano, R. Nishimura, H. Fukuoka,
Y. Yata, T. Saiki, and M. Obara,
Pulsed-laser deposition of ZnO thin
films and nanorods for photonic devices.

2" place:
Ms. Tsvetina Evgenieva, PhD student,
Institute of Electronics, Bulgarian
Academy of Sciences, Bulgaria.
Ts. Evegnieva, N. Kolev, S. Blindheim, B.
Lahnor, S. Mogo, A. Berjon, E. Rodriguez,
K. Stebel, M. Gausa, and I. Kolev,
Summer Lidar Measurements in the
Troposphere over Alomar, Norway
(2007).

3" place:

Ms. Anahit Gogyan, PhD student
Institute for Physical Research, NAS
of Armenia and Institut Carnot de
Bourgogne, UMR CNRS 5209.

A. Gogyan and Yu. Malakyan,
Selective excitation of atoms and
molecules by ultrashort laser pulses.

The current issue of the School was
financially supported by SPIE Europe,
Bulgarian Academy of Sciences, National
Technical University of Athens (Greece),
Evrika Foundation (Bulgaria), Institute of
Electronics,  Austrian  Science  and
Research Liaison Office — Sofia, HORIBA
Jobin Yvon Inc., Optella Ltd.,, and
Coherent Inc., to which the organizing
committee expresses deep gratitude. Under
the special support from Bulgarian
Academy of Sciences, organizers had
possibility to arrange sixteen full grants for
young participants — PhD students and
researchers for their participation on the
School.

XV ISQE full texts are published in a
special issue of SPIE Proceedings —volume
7027, 568 pages (2008), ed. Tanja
Dreischuh, Elena Taskova, Ekaterina
Borisova, Alexander Serafetinides. The
proceedings volume contains the lectures
presented and the most interesting posters,
refereed and selected for publication by
the invited lecturers. It is divided into five
parts covering the following topics: laser-
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matter interactions, laser spectroscopy and
metrology, laser remote sensing and
ecology, lasers in biology and medicine,
and laser systems and nonlinear optics.

International Advisory Committee

Chairs:

Peter Townsend, University of Sussex
(United Kingdom)

Alexander Serafetinides, National

Technical University of Athens (Greece)
Members:
Evgeny Alexandrov, loffe Physical-

Technical Institute (Russian Federation)
Peter Atanasov, Institute of Electronics

(Bulgaria)
Lachezar Avramov, Institute of Electronics
(Bulgaria)
Stefka Cartaleva, Institute of Electronics
(Bulgaria)
Christos  Flytzanis, Ecole Normale

Superieure (France)

R. Michael Hardesty, NOAA Earth System
Research Laboratory (United States)
Wolfgang Husinsky, Vienna University of
Technology (Austria)
Lyubomir  Kovachev,
Electronics (Bulgaria)
Shane Mayor, Earth Observing Laboratory
(United States)

Luigi Moi, Siena University (Italy)

Minoru Obara, Keio University (Japan)

Institute of

Ferruccio Renzoni, University College
London (United Kingdom)

Nikola Sabotinov, Institute of Solid State
Physics (Bulgaria)

Vladimir Serkin, Benemerita Universidad
Autonoma de Puebla (Mexico)

Dimitar Stoyanov, Institute of Electronics
(Bulgaria)

Valery Tuchin, Saratov State University
(Russian Federation)

Xuan Wang, Universita degli Studi di
Napoli Federico II (Italy)

The Organizing Committee of this issue
of the International School on Quantum
Electronics  “Laser  Physics and
Applications”:

Chair:

Dr. Ekaterina Borisova
Vice-Chair:

Dr. Dimitar Slavov
Secretary:

Irina Bliznakova

Members:

Dr. Tanja Dreischuh
Dr. Nicolay Nedialkov
Dr. Albena Daskalova
Dr. Anna Dikovska
Dr. Elena Taskova
Ivan Grigorov
Chavdar Ghelev
Dragomir Milev
Albena Perduhova



HONORARY AWARDS

e  Prof. Dr.Sc. Georgy Mihailov Mladenov,
Corresponding member of BAS
Assoc. Prof. Dr.Sc. Katia Zheleva Vutova
Assoc. Prof. Dr. Elena Georgieva Koleva
e  Assoc. Prof. Dr. Timerfayaz Nurgaliev
Dr. Snezhana Miteva
Mr. Blagoi Blagoev
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INSTITUTE OF ELECTRONICS
BULGARIAN ACADEMY OF SCIENCES

LAUREATES
ACADEMICIAN DJAKOV AWARD 2008

The Scientific Council of the Institute of Electronics awarded the 2008
Academician Emil Djakov annual award for research in the fields of
physical electronics, quantum electronics and radio science to

Prof. Dr.Sc. Georgy Mihailov Mladenov,
Corresponding member of BAS

Assoc. Prof. Dr.Sc. Katia Zheleva Vutova
Assoc. Prof. Dr. Elena Georgieva Koleva

For the results of the studies on

Nanothecnologies and Nanoelectronics

Published in

1.

Vutova K, Mladenov G,

Computer simulation of micro- and nano- structures at electron and
ion lithography,

J Optoelectr Adv Mater 2008;10/1:91-7.

Vutova K, Koleva E, Mladenov G, Kostic I, Tanaka T, Kawabata K,

A simulation model for chemically amplified resist CAMP®6,

Microelectr Eng 2008;do1:10.1016/j.mee.2008.11.010.

Vutova K, Koleva E, Mladenov G, Kostic I,

Some peculiarities of resist-profile simulation for positive-tone
chemically amplified resists in electron-beam lithography,

J Vacuum Sci Technol B — Microelectronics and Nanometer Structures
2009;27/1:52-57.
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INSTITUTE OF ELECTRONICS
BULGARIAN ACADEMY OF SCIENCES

LAUREATES
ACADEMICIAN DJAKOV AWARD 2008

The Scientific Council of the Institute of Electronics awarded the 2008
Academician Emil Djakov annual award for research in the fields of
physical electronics, quantum electronics and radio science to

Assoc. Prof. Dr. Timerfayaz Nurgaliev
Dr. Snezhana Miteva
Mr. Blagoi Blagoev

For the results of the studies on

Characteristics of thin film structures based on ferromagnetic manganites
and high temperature superconductors — microwave processes and domain
structure

Published in

1. Nurgaliev T,
Numerical investigation of the surface impedance of ferromagnetic manganit thin
films,
JMMM 2008;320:304-11, ISSN: 0304-8853.

2. Nurgaliev T,
Modeling of the surface impedance of conductive ferromagnetic films on different
substrates,
Acta Physica Polonica A 2008;113:187-90, ISSN: 0587-4246.

3. Nurgaliev T,
Modeling of the microwave characteristics of layered superconductor/
ferromagnetic structures,
Physica C 2008;468:912-19, ISSN: 0921-4534.

4. Nurgaliev T,
A model of dielectric resonators in surface impedance measurements,
Proc Nat Conf Electronika 2008, pp324-9, May 2008, Sofia, Bulgaria.

5. Nurgaliev T, Demidov V V, Petrzik A M, Ovsyannikov G A, Miteva S, Blagoev B,
Microwave losses in ferromagnetic thin LSMO films,
J Optoelectr Adv Mater 2008;10:273-6.

6. Uspenskaya L S, Nurgaliev T, Blagoev B, Donchev T, Miteva S,
Features of magnetization reversal in LCMO/YBCO heterostructures,
Bulletin of the Russian Academy of Sciences: Physics 2008;72/4:540-542.
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