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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: 
• 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. 

• 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. 

• 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 
Scientific Fund, the Higher Attestation 
Commission, specialized scientific boards 
at the Higher Attestation Commission, 
scientific boards at other institutes within 
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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.

 
STRATEGIC PLAN AND PRIORITIES FOR 2009 - 2013 

 
Envisaged development of research 

subjects and plans in short and long term 
including the perspectives for the future 
strengthening of interdisciplinary co-
operations within Academy, at national 
level and internationally (in Europe and 
worldwide). 

Physical and Engineering Sciences are 
key drivers of Research and Innovation, 
providing fundamental insights and 
creating new applications. The Scientific 
research strategic plan of the Institute of 
Electronics is based on the results and 
achievements obtained by the most 
competitive advanced researchers and 
laboratories. It coincides nowadays with 
several emerging fields. The research 
activity of the Institute has tendency to 
become more complex and 
interdisciplinary. The following priority 
fields will be basic for the next five years: 

● Photonics: femtosecond photonics; 
plasmonics; bio-medical photonics; 
optoelectronics; new optical sensors; and 
coherent laser spectroscopy. These 
research investigations will correlate with 
the study of new advanced materials and 

structures, novel nanotechnologies and 
optical communication. They cut across 
many research activities including applied 
physics, materials science, and 
nanoelectronics. 

● Nanoelectronics and new materials: 
nanostructuring technology; fabrication 
and characterization of nano-dimension 
films, quantum wires and quantum dots; 
understanding of the new generation field-
effect nano transistors; transportation of 
electron spin and modification of magnetic 
walls, as well as interaction of magnetic 
and superconducting thin film structures. 
Based on the experience and the results 
obtained, an effort on creation of advanced 
materials and targets for new generation 
photovoltaics cells and displays will be 
applied. 

● Optical and radio-wave 
technologies: lidar monitoring and 
diagnostics of atmosphere and 
thermonuclear plasma; radio-wave 
sounding of Earth, sea and agriculture; 
optical sounding of turbid media; imaging 
and characterization of small objects.

 

http://en.wikipedia.org/wiki/Applied_physics
http://en.wikipedia.org/wiki/Applied_physics
http://en.wikipedia.org/wiki/Materials_science
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SCIENTIFIC COUNCIL* 
 

Chairman: Prof. P. Atanasov, Dr. Sc., Corresponding Member of BAS, 
IE BAS, e-mail: paatanas@ie.bas.bg 

Deputy 
Chairman: 

Assoc. Prof. O. Yordanov, Ph. D., 
IE BAS, e-mail: oleg.yordanov@gmail.com 

Secretary: Assoc. Prof. T. Koutzarova, Ph. D., IE BAS, e-mail: tanya@ie.bas.bg 
Members:  
Prof. A. Dreischuh, Dr. Sc., 
Sofia University, e mail: ald@phys.uni-sofia.bg 

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

Prof. V. Gerjikov, Dr. Sc, 
INRNE BAS, e-mail: gerjikov@inrne.bas.bg 

Assoc. Prof. S. Gateva, Ph. D., 
IE BAS, e-mail: sgateva@ie.bas.bg 

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

Assoc. Prof. Y. Georgiev, Ph. D., 
IE BAS, e-mail: georgiev@ie.bas.bg 

Prof. I. Nedkov, Dr. Sc., 
IE BAS, e-mail: nedkov@ie.bas.bg 

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

Prof. M. Nenchev, Dr. Sc., 
TU Sofia, e-mail: marnenchev@yahoo.com 

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

Prof. N. Sabotinov, Dr. Sc., Member of BAS 
ISSP BAS, e-mail: vicepres@eagle.cu.bas.bg 

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

Prof. D. Stoyanov, Dr. Sc., 
IE BAS, e-mail: dvstoyan@ie.bas.bg 

Assoc. Prof. L. Kovachev, Ph. D., 
IE BAS, e-mail: lulomirkovach@yahoo.com

Assoc. Prof. L. Avramov, Dr. Sc., 
IE BAS, e-mail: avramov@ie.bas.bg 

Assoc. Prof. N. Nedyalkov, Ph. D., 
IE BAS, e-mail: nnn_1900@yahoo.com 

Assoc. Prof. E. Alipieva, Ph. D., 
IE BAS, e-mail: alipieva@ie.bas.bg 

Assoc. Prof. P. Petrov, Ph. D., 
IE BAS, e-mail: pitiv@ie.bas.bg 

Assoc. Prof. E. Balabanova, Ph. D., 
IE BAS, e-mail: emilia@ie.bas.bg 

Assoc. Prof. S. Sabchevski, Ph. D., 
IE BAS, e-mail: sabch@ie.bas.bg 

Assoc. Prof. T. Dreischuh, Ph. D., 
IE BAS, e-mail: tanjad@ie.bas.bg 

Assoc. Prof. I. Sirkova, Ph. D., 
IE BAS, e-mail: irina@ie.bas.bg 

 
*Abbreviations: 
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 

 

mailto:radi@ie.bas.bg
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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. O. Yordanov, 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.

 
 

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. Nedyalkov, Ph.D. 
Tel: +359 2 979 5924 
e-mail: nnn_1900@yahoo.com
 

 Scientific Secretary 
Prof. K. Vutova, Dr.Sc. 
Tel: +359 2 979 5900 
e-mail: vutova@ie.bas.bg
 
Administrative Director 
Mrs. D. Mladenova 
Tel: +359 2 875 2678 
e-mail: die@ie.bas.bg

 

mailto:radi@ie.bas.bg
mailto:sgateva@ie.bas.bg
mailto:nnn_1900@yahoo.com
mailto:vutova@ie.bas.bg
mailto:die@ie.bas.bg


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     LABORATORIES 
 
          ●   Research Activities 
          ●   Publications 
          ●   Patents 
          ●   Conferences 

          ●   Ongoing Research Projects 
          ●   Collaborations 
          ●   Lecture Courses 
          ●   Guests 
          ●   Visits 
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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 
 

Modifications of the properties of 
coatings for biomedical application require 
surface activation and functionality in the 
form of reactive functional groups or a 
change in the charge state of the surface. A 
promising approach to activating 
biomaterial surfaces is the ion-beam-
assisted deposition. In such cases electron-
beam evaporation as a coating deposition 
process is highly preferred due to the 
effective and improved control of the 
surface properties. 

Ceramic coatings of Ta2O5 are 
promising materials for biomedical 
applications. We performed a study of the 
effect of the properties of e-beam 
evaporated Ta2O5 film structures on the 
fibroblast/material interaction. 

Computer simulations of the 
experiments were carried out using 
detailed calculation with full damage 
cascades. 

The changes were modelled occurring 
in layers of Ta2O5 prepared by electron-
beam evaporation or ion-assisted electron-
beam evaporation following irradiation by 
200-eV Ar ions, with the purpose of 
improving the biocompability. 

An analogous experiment was also 
modelled, but with a thin Al2O3 oxide film 
deposited on titanium. Following the oxide 
film deposition, the surface is bombarded 
by 250-eV Ar ions, in view of improving 
the biocombability. 

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 O2 
from the oxide film into the Ta2O5 layer, 
which results in an improvement of the 
Ta2O5 stoichiometry. 

At the same time, the number of 
induced defects is reduced, which reduces 
the degree of the 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 give the enhancement 
factor βn 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 βn 
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 
influence is the pattern of ionization-
energy values. Tables and formulae are 
provided for performing such calculations 
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easily. D-values and enhancement factors 
were tabulated for relevant elements and for 
n = 1 to 4, using three thermodynamic 
parameter values previously used 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 
Müller’s formula and the same 
thermodynamic data. The predicted 
enhancement factors lay between 1.03 and 
1.47, with average 1.11. 
 
2. Ion beam assisted deposition of thin 

films and process control 
The sorption properties of e-beam 
evaporated TiO2 layers to gaseous NH3 were 
investigated by a quartz crystal 
microbalance (QCM) allowing the detection 
of nanograms of sorbed mass. The TiO2 (249 
nm thick) layers were deposited on 16 MHz 
resonators. The as-deposited TiO2 layers 
ware characterized using ellipsometry, X-ray 
diffraction and X-ray photoelectron 
spectroscopy.The measurements of the 
QCM-TiO2 system’s sorption properties 
were carried out in a laboratory set, allowing 
operation in dynamic and static regimes at 
strict control of the process parameters, 
which are recorded and processed 
automatically by an electronic measuring 
system. The sorption properties of TiO2 
were defined by the frequency shift (∆F) of 
the QCM in NH3 with concentrations 
ranging from 10 ppm to 1000 ppm. The 
times of sorption and de-sorption were 
defined; the maximal QCM frequency shifts 
for each NH3 concentrations were measured 
and the sorbed masses were calculated. It 
was determined that ∆F increases from 8 Hz 
at 10 ppm to 216 Hz at 1000 ppm, which 
corresponds to sorbed masses of 2.78 ng and 
75.19 ng, respectively.The results show that 
the QCM-TiO2 system could very 
successfully be used as a sensor element for 
NH3 detection in the range of 10 - 1000 ppm. 

PUBLICATIONS 
 
1. Donkov N, Zykova A, Safonov V and 

Mateev E 2009 Modern methods of 
Ta2O5 coatings deposition for 
biomedical applications J. Problems of 
Atomic Sci. and Technol. 1 153-8 

2. Geoorgieva V, Donkov N, Spassov L, 
Mogilevsky A and Grechnokov A 
2009 Sorptive properties of thin TiO2 
and humic acids layers to NH3 
estimated by QCM J. Optoelectr. Adv. 
Mater. 11/9 1367-70 

 
ONGOING RESEARCH PROJECTS 
 
Financed by Bulgarian Academy of 
Science 
 
Ion beam- application for investigations 
and synthesis of the new materials. 
 
Financed by the Ukraine Acad. Sci. and 
Bulagarian Acad. Sci. 
 
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 
 
1. Thermionic emission energy 

transverter for vacuum technology; 
Model based control, 
Institute for Applied Physics, Otto von 
Guericke University, Magdeburg, 
Germany. 

2. Ion implantation for nano-technology 
applications, 
Research Center Dresden-Rossendorf, 
Germany and University of Edmonton, 
Canada. 
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LABORATORY 
 

PLASMA PHYSICS AND ENGINEERING 
 

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

TOTAL STAFF: 8 
RESEARCH SCIENTISTS: 7 

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 
 

Even in the low pressure regime 
(p < 0.1 MPa), the thermophysical gas 
properties depend on intermolecular 
interactions. The relationship between 
equilibrium (e.g the pVT-second virial 
coefficient B) and non-equilibrium (e.g. 
the viscosity η and self-diffusion ρD) 
properties and the underlying 
intermolecular forces might become 
complicated even for small molecules. In 
particular, for open shell systems like O2 
in its electronic ground state  it is 
difficult to find the required ab initio 
potential-energy functions which are able 
to reproduce the thermophysical gas 
properties. Three different intermolecular 
potentials with singlet, triplet and 
quadruplet multiplicities are required for 
an accurate description of the dimer 
properties of O

−Σg
3

2-O2. Due to this difficulty, 
potential energy models have been used in 
the past to describe the thermophysical 
properties of O2. However, in most cases 
either equilibrium or transport properties 
of O2 have been considered. Since the 
transport properties depend more on the 
repulsive part, whereas the equilibrium 
properties reflect strongly the attractive 
part, the resulting potential models look 
quite different. 

The (n-6) Lennard-Jones temperature-
dependent potential proposed for O2 

adequately reproduces the existing 
measured data for the second virial 
coefficient and the viscosity within the 
their experimental error bounds, which is 
also reflected by the value RMS = 0.82 
obtained for the experimental error. 

The algorithms presented for the 
temperature dependencies of the potential 
parameters might be useful for the 
calculation of other thermophysical 
properties of O2 and its mixtures with 
other gases. 
 
2. Investigation and description of 
nanostructures in inorganic composite 
materials 
 

The nanocomposites are materials with 
a very wide application area that depends 
on their functional properties. To produce 
a nanocomposite with specific properties, 
one has to study both the fillers (usually 
nanosized particles) and the matrices 
(glass materials, in many cases). 

During the year, investigations 
concerning the role of different factors 
(content and concentration of the glass 
components, temperature etc.) in glass 
matrix formation were finalized and the 
results were summarized. The 
investigations were related to immiscible 
borate-tellurite glasses for which 
information was obtained on the structural 
parameters of the nanosized 
inhomogeneities observed. This was 
performed by TEM image analysis of 
different glass samples. Based upon such 
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analysis, new studies were performed for 
nanopowders of iron spinels with chemical 
formula Fe3-xMxO4 (M = Cu, Co) 
synthesized by the soft chemistry           
co-precipitation method. The nanosized 
iron oxides with spinel structure are 
magnetic materials that can be used as 
fillers in the formation of magnetic 
nanocomposites. They have also various 
applications in the electronics (magnetic 
ink, recording media), and in the 
biomedicine (cancer curing by 
hyperthermia or drug targeting, contrast 
agents in IMR). All applications need 
precise determination of the particle size 
so that the aim of our investigations was to 
compare the results on the mean particle 
size obtained by XRD and HR-TEM. It 
was found that both techniques, XRD 
spectra processed by Sherrer’s formula and 
HR-TEM image analysis, are suitable for 
characterization of the particle size in the 
samples. The results on the mean particle 
sizes obtained by both methods correlate 
well (the difference is in the range of 1-
5%). It must be pointed out that the HR-
TEM image analysis gives information not 
only on the mean size, but also on the 
particle size distribution. 
 
3. Plasma torches and the control of 
thermal plasma based technological 
processes 
 

Thermal plasma jets have various 
traditional fields of application, such as 
material processing, plasma chemistry, 
propulsion devices, space technology 
simulations. A new candidate, at present in 
the stage of research, is the maintenance 
and fuel recovery in fusion devices. 

As an outcome of our previous studies, 
a simple diagnostic device for monitoring 
the position, width and shape of a thermal 
plasma jet was proposed. A small number 
of narrow-collimated photo detectors were 
pointed along different directions within a 
cross-section of the jet. With specific 

assumptions for the distribution of the 
light emitted from the jet cross section, 
simple algorithms were derived. 
Systematic tests were performed using 
multi-viewpoint images of plasma-torch 
produced jets, with and without powder 
particles, under conditions typical for 
plasma technological processes. 

The experimental program that is 
under way is aimed at providing a means 
of automatic control for thermal plasma 
technologies. The work is in collaboration 
with teams from the Institute of Plasma 
Physics, Czech Academy of Sciences, 
Prague – on processing of materials - and 
from the National Institute for Plasma, 
Laser and Radiation Physics, Bucharest – 
on fusion devices. 
 
 
4. Diagnostics of tokamak edge plasma  
 

We proposed a new Langmuir Probe 
(LP) system for tokamak plasma 
measurements which is computer 
controlled thus allowing simultaneous and 
independent feeding and recording of 
signals. The LP system is mounted in the 
COMPASS tokamak, Institute of Plasma 
Physics, Academy of Sciences of the 
Czech Republic. 

A step-like voltage is applied to the 
probes positioned in the divertor area. Special 
attention was paid to the steep leading edge 
the steps using AGILENT computer code for 
the data acquisition and signal generation. 
The probe current was recorded at a rate of 
two megasamples per second. 

LP measurements in a circular plasma 
can in fact be performed, even though the 
plasma reaches the probes within about 
4 ms. Our first results at the divertor are 
5 – 40 eV for the electron temperature and 
up to 200 mA for the ion saturation 
current. The electron temperature 
decreases as the ion saturation current 
increases, as expected for plasma with 
constant energy content. 
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PUBLICATIONS 
 
1. Damyanova M, Zarkova L and Hohm U 

2009 Effective intermolecular 
interaction potentials of gaseous 
fluorine, chlorine, bromine and iodine, 
Int. J. Thermophys. 30/4 1165-78 
ISSN: 0195-928X

2. Balabanova E 2009 Nanostructured 
materials production-modeling of the 
processes and TEM image analysis 
Proc. ICNM-2009 49-54 
http://www.applied-science-inovations.com 
ISBN: 978-81-906027-5-4 

3. Kashchieva E, Balabanova E, Ilieva D 
and Dimitriev Y 2009 Composition-
nanostructure relation in borate glasses 
Nanoscience & Nanotechnology 9 182-4 
eds Balabanova E and Dragieva I 
ISSN: 1313-8995 

4. Djakov B E, Oliver D H, Enikov R 
and Vasileva E 2009 Four channel 
optical sensor for monitoring of 
plasma jet geometrical properties 
Proc. 16th Workshop Plasma and Surf. 
Technol. pp 59–66 ISBN: 978-3-00-028153-2

5 Guerassimov N and Ghelev Ch (Eds), 
Annual research report 2008 of the 
Institute of Electronics, Institute of 
Electronics, 2009, Sofia, Bulgaria (132 
pages). 

 
COLLABORATIONS 
 
1. Investigation of the intermolecular 

interactions and thermophysical 
properties of rare gases and binary 
mixtures by means of Lennard-Jones 
temperature dependent potential, 
Institut fur Physikalische und 
Theoretische Chemie der TU 
Braunschweig, Braunschweig, Germany. 

2. Development of numerical codes to 
describe the behavior of high power 
gyrotrons, Task 2.1.2 of ASSOCIATION 
EURATOM – INRNE. 

3. Development of plasma auxiliary 
systems; 2.2 Plasma diagnostics; 2.2.1 
Edge plasma diagnostics, 
 
 
 

Contract of ASSOCIATION  
EURATOM – INRNE – 2, 
Institute of Plasma Physics, Czech 
Academy of Sciences, Prague, Czech 
Republic. 

4. Diagnostics of thermal plasma jets 
used for material processing”: Institute 
of Plasma Physics, 
Czech Academy of Sciences, Prague, 
Czech Republic. 

5. Removal of co-deposited layers from 
walls of fusion devices, 
National Institute for Plasma, Laser 
and Radiation Physics, Bucharest, 
Romania. 

 
LECTURE COURSES 
 
1. B. E. Djakov, 

Gas Discharge Plasma Sources, 
Plasma Technology, 
St Kliment Ohridsky University of 
Sofia, Bulgaria. 

2. B. E. Djakov, 
Elementary Stellar Astronomy and 
Cosmology, 
American University in Bulgaria, 
Blagoevgrad, Bulgaria. 

 
LABORATORY VISITS 
 
1. B. E. Djakov 18.05.2009-22.05.2009 

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

2. M. Dimitrova 17.10.2009-14.11.2009 
Institute of Plasma Physics, Czech 
Academy of Sciences, Prague, Czech 
Republic. 

3. M. Damyanova 01.11.2009-30.11.2009 
Institute for High Power Pulse and 
Microwave Technology (IHM) of the 
FZK Karlsruhe, Germany. 

4. B. E. Djakov 04.11.2009-06.11.2009 
National Institute for Plasma, Laser 
and Radiation Physics, Bucharest, 
Romania. 

 

http://www.applied-science-inovations.com/
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LABORATORY 
 

PHYSICAL PROBLEMS OF ION TECHNOLOGIES 
 

HEAD: Prof. S. Tinchev, Dr.Sc. 
 

TOTAL STAFF: 5 
RESEARCH SCIENTISTS: 4 

Assoc. Prof. J. Kourtev, Ph.D.; P. Nikolova; R. Kozhuharova; Y. Dyulgerska. 
 
 

RESEARCH ACTIVITIES 
 
1. Enhanced superconductivity of 
YBCO interfaces: origin of high critical 
temperature in layered superconductors  
 

The superconducting transition 
temperatures Tc of a YBCO film surface 
and of the YBCO film/substrate interface 
were measured inductively. The interface 
Tc was observed to be always higher then 
the surface Tc. However, deposition of a 
silver over-layer enhanced the 
superconducting transition temperatures. 
This observation was confirmed by four-
point resistance measurements. Magnetic 
properties of the interface in annealed 
YBCO/Ag bilayers were also observed. 
We believe that such phenomena are a 
common feature of layered systems. This 
two dimensional structure is similar to the 
layered microstructure of high-temperature 
superconductors so that one can assume 
that covering the superconducting layer by 
a non-superconducting layer is a condition 
for obtaining high critical temperatures in 
general. 
 
2. Optimization and accelerated thermal 
aging of hydrogenated amorphous 
carbon absorbers 
 

Selective coatings of solar thermal 
collectors are fabricated usually as cermet 
composites by using complicated 
technologies. Recently, we suggested and 
optimized absorbers for such collectors 
based on pure hydrogenated amorphous 
carbon (a-C:H) films. This absorber 

consists of five sublayers deposited by a 
DC PECVD process. The necessary 
variations of the optical parameters of the 
films were achieved by only changing the 
deposition conditions (different bias 
voltages) of a-C:H films. In such a way it 
was possible to match the multilayer 
absorption spectrum with the solar 
spectrum. 

Our efforts were aimed at optimizing 
the quality of the absorber by making use 
of computer simulation. There exist 
several methods describing the interaction 
of multilayer isotropic systems with an 
electromagnetic field. We used the 
recurrent formulas technique. 

Besides the optical parameters of an 
absorber, important factors are the 
structure and morphology of the absorber 
surface. The results of AFM (atomic force 
microscope) observations of the single 
films and of the entire absorber were 
studied. Because the surface of the a-C:H 
films were found to be very smooth, the 
whole absorber was deposited on a rough 
nanostructured aluminium substrate. 

As expected, absorption better than 0.9 
was achieved for submicrometer absorber 
thickness. An accelerated thermal aging 
test performed at 200°C and 300°C in air 
showed that the reflectance was changed 
only slightly and there were no substantial 
differences in the absorption. The 
positions of maxima of the reflectance had 
small differences, i.e. there was no 
considerable temperature influence on the 
absorber thickness. 

A possible temperature degradation of 
the structure of the a-C:H layers was 
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monitored also by Raman spectroscopy, 
but no substantial shift of the Raman peaks 
positions from their typical positions was 
seen. Therefore, long-life behavior of such 
absorbers can be expected. 
 
3. Novel highly resistive passivating 
AuAgOx thin films 
 

Thin films of noble metal oxides could 
be successfully applied as effective surface 
passivation layers in high-temperature 
superconducting devices or as very active 
catalysts in the production of 
microelectronic integrated circuits and 
devices, chemical sensors and optical 
switches. Up to now, thin films of noble 
metal oxides as AgOx, AuOx, AuAgOx and 
PtOx have been obtained by reactive 
sputtering in conventional direct current 
(DC) or radio frequency magnetrons. Their 
application has been, however, 
substantially limited due to the 
comparatively short life-times (not longer 
than several months). 

By using another deposition technique, 
namely sputtering in a controllable 
unbalanced DC magnetron, one can 
deposit highly resistive thin AuAgOx films 
with life-times of up to three years, i.e. 
more than six times longer as compared to 
similar thin films produced by 
conventional vacuum methods. 

The unbalanced magnetron sputtering 
belongs to the plasma-assisted physical 
vapor deposition (PVD) methods. These 
vacuum methods are characterised by the 
generation of dense plasma which is not in 
thermal equilibrium. The plasma contains 
“hot” electrons which collide with “cold” 
neutrals and form excited and highly 
reactive ion species. Chemical reactions 
are thus enabled at significantly lower 
temperatures than those in equilibrium 
processes and formation of metastable or 
non-equilibrium (frozen-in) phases is 
favored. 

Among the variety of up-to-date 
magnetron deposition techniques, the 

sputtering in a controllable unbalanced 
magnetron was chosen in view of the 
possibility for smooth variation of the 
degree of ion assistance within wide limits 
and, thus, for effective tailoring the films 
composition, structure and properties. 
Another important feature of this method 
is the generation of a high substrate 
floating potential, which ensures effective 
ion assistance during the film deposition 
not only on conducting, but also on 
insulating substrates. 

The investigations carried out showed 
that employing a controllable unbalanced 
magnetron system, thin AuAgOx films 
with substantially prolonged life-times (up 
to five years) could be produced. This 
magnetron system allowed a very precise 
tailoring of the film’s specific electric 
resistance ρo, which could be varied within 
extremely wide limits: from 10−1 to 
106 Ω cm, i.e. within seven orders of 
magnitude. It was established that the 
initial electric resistance ρo of the AuAgOx 
films can be represented by a single-value 
power function of the product of two basic 
deposition parameters, namely, the mean 
energy, Emean, per deposited metal atom 
and of the partial pressure, pO2, of the 
reactive gas (oxygen). This finding allows 
one to select a proper Emean*pO2 value to 
deposit AuAgOx films with a definite 
electric resistance. 

It was found also that the specific 
electric resistance of other magnetron 
sputtered thin (AuOx and carbon) films 
also deposited at floating substrate 
potential and at relatively high pressure 
pgas of the reactive (or working) gas is 
again a single-value power function of the 
product Emean*pgas. The conclusion was 
made that the above finding is more 
general and is valid not only for the 
specific electric resistance of thin films 
deposited by magnetron sputtering, but 
also by other PVD methods, if full 
thermalization of the neutral component 
flux to the substrate has been achieved. 
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PUBLICATIONS 
 
1. Tinchev S, Nikolova P and Aleksieva Tz 

2009 Optimized a-C:H thin film solar 
absorber, J. Optoelectr. Adv. Mater. 
1/3 327-30 ISSN: 1454 – 4164 

2. Tinchev S, Sharlandjiev P and 
Nikolova P 2009 Design of amorphous 
carbon spectral selective coatings,  
J. Optoelectr. Adv. Mater. 11/9  
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3. Tinchev S, Gusterov A, Sharlandjiev P, 
Nikolova P and Dyulgerska Y 2009 

AFM study of PECVD DLC films for 
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4. Tinchev S 2009 Interface super-
conductivity: the new old story, 
arXiv:0909.1579v1[cond-mat.supr-con] 

5. Tinchev S 2009 Enhanced super-
conductivity of YBCO interfaces: 
origin of high critical temperature in 
layered superconductors 
arXiv:0911.2107v1[cond-mat.supr-con] 

6. Tinchev S, Alexandrova S and 
Valcheva E 2009 Single electron 
tunnelling as a possible conduction 
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film, Modern trends in mathematics 
and physics ed Tinchev S S, (Heron 
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7. Tinchev S S (ed) 2009 Modern trends 
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4. Tinchev S, Nikolova P and 
Dyulgerska Y, Thermal Solar 
Absorber Made From Diamond-Like 
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School on Vacuum, Electron and Ion 
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ONGOING RESEARCH PROJECTS 

Financed by the National Council for 
Scientific Research of Bulgaria 
 
1. Contract No DO1-377/2006 - (НТЕ-4-1) 

a-C:H selective absorbers for thermal 
solar collectors. 

2. VU-TH –964 Assistant microwave 
process in formation of nano-
composite materials. 

3. ЕЕ-103 Visible and UV system study 
of materials and elements for solar 
energy. 

Financed by BAS 
 
Deposition and modification of thin films 
by ion technology methods.

 

http://arxiv.org/find/cond-mat/1/au:+Tinchev_S/0/1/0/all/0/1
http://arxiv.org/abs/0909.1579v1
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ECSDRL&possible1=Tinchev%2C+Savcho&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ECSDRL&possible1=Gusterov%2C+Aleksander&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ECSDRL&possible1=Sharlandzhiev%2C+Peter&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ECSDRL&possible1=Nikolova%2C+Petranka&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ECSDRL&possible1=Nikolova%2C+Petranka&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
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LABORATORY 

 
PHYSICAL PROBLEMS OF ELECTRON BEAM TECHNOLOGIES 

 
HEAD: Prof. G. Mladenov, Dr.Sc., Corresponding Member of BAS 

 
TOTAL STAFF: 17 

RESEARCH SCIENTISTS: 14 
Prof. Dr.Sc. K. Vutova; Assoc. Prof. P. Petrov, Ph.D.; Assoc. Prof. V. Vassileva, PhD;  
Assoc. Prof. S. Sabchevski, Ph.D.; Assoc. Prof. E. Koleva, Ph.D.; Assoc. Prof. Y. Gueorgiev, Ph.D.; 
M. Beshkova, Ph.D.; M. Petkov, Ph.D.; Ch. Georgiev; M. Kardjiev; T. Nikolov; E. Georgieva;     
S. Velinova; D. Mollov. 
 
RESEARCH ACTIVITIES 
 
1. Nanoelectronics and new materials1

 
1.1. Structuring technologies for 
nanoelectronics 
 
1.1.1. Studies were performed on the 
electron beam nanolithography of 
electronic structures. In the range of 
nanostructures with critical dimensions of 
less than 200 nm, optimization of the side-
wall profiles of developed images becomes 
crucial. The necessity thus arises of a new 
generation of computer codes able to do 
exact forecasts of the developed resist 
profiles in nanolithography.  

Chemically amplified resists (CARs) 
have served as the workhorse resist 
platform for the semiconductor industry 
due to their sensitivity and high resolution. 
The more complicated lithography steps, 
as well as the lack of numerical data that 
describe the reaction and diffusion kinetics 
of the catalytic agent involved in the resist 
solubility modification are the reasons for 
the lack of robust simulation models. Due 
to the many factors involved, a final 
experimental    calibration   of   the   model  

 

                                                 
1  Manuscripts of two books in the field have been 
submitted for publication (Prof. Marin Drinov 
Publishing House, Sofia, Bulgaria), two chapters in 
Lithography (IN_TECH, Vienna, Austria) as well 
as a review paper in two parts (Microelectr. Engin. 
and Phys. Chem. Solid State) have already been 
published. 

parameter set used in such a simulation is 
needed. 

Our approach was to use experimental 
data for resist characterization only and to 
minimize the number of experiments for 
determining the quantities relevant to the 
thorough simulation of process details. 

Two types of resist behavior were 
distinguished when the resist development 
rate was studied. The first case is a linear 
development of polymer resists where the 
solubility rate of the exposed resist is a 
function of the exposure dose. The second 
type of development behavior of the resist 
solubility is when the solubility rate is a 
function not only of the dose of exposure, 
but also of the time elapsed from the start 
of the development process (local solution 
removal of exposed or non-exposed areas 
of resist layer) and/or of the depth in the 
resist layer from which the resist 
molecules are being removed. For the 
latter case, a new time-dependant 
calculation scheme was proposed. The 
scheme makes use of the multi-ciphered 
experimental dependencies of the 
solubility rate on the exposure dose at 
various other conditions (time, depth). 

Following a modification of our own 
computer code package, numerical 
experiments on non-linear resist behavior 
of CARs were performed. We were thus 
able to explain some experimental results 
on the kinetics of the profiles developed in 
CAR CAMP6. When modeling resists 
with nonlinear behavior which exhibit a 
delay effect, and by using time-dependent 
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macroscopic characteristics of the 
development, we demonstrated that one 
could observe such behavior by following 
the shape of the side-wall profile of 
developed structure. 

The results of the above research 
activities were used in two BS theses 
defended at the Technical University of 
Sofia. 

 

1.1.2. Statistical processing was carried 
out of experimental data obtained in 
Germany on the maximal aspect ratio 
(AR) during electron lithography of HSQ. 
Traditional resist drying and supercritical 
resist drying (SRD) were compared. The 
results on standard drying of two lines of 
height 60 nm - 240 nm and pitch 30 nm 
are in agreement with the prediction of the 
model previously proposed. The benefits 
of the SRD technique using carbon dioxide 
are higher in the case of a small pitch 
between neighboring lines. Thus, in the 
case of dry nitrogen drying, the AR is 5,5 
for a pitch of 50 nm and 9,5 for a pitch of 
210 nm. In the case of SRD, the maximal 
values of AR are in the 16 – 17 range for a 
pitch of 50 nm (an increase by a factor of 
three when SRD processes are used 
compared to the conventional nitrogen 
blow). 
 

1.2. Thin films deposition and study 
 
1.2.1. Layers of 3C-SiC were grown via 
sublimation recondensation at a 
temperature of 2 000 oC in vacuum 
(< 10−5 mbar) for 30 min on different types 
of substrates. Type I and II were substrates 
with deposition performed along the 6H-
SiC (0001) axis without and with 
polishing, respectively. Type III was 
covered along the 6H-SiC axis by means 
of vapor-liquid-solid (VLS) mechanism, 
while type IV was prepared with a seed 
layer grown sequentially by VLS and 
chemical vapor deposition (CVD). 

The morphological investigation by 
transmission-mode optical microscopy 
revealed the continuous character of the 

layers grown on 6H-SiC with 3C-SiC seed 
layers. The FWHM of 3C-SiC (111) 
reflection is smaller for samples grown on 
substrates with a seed layer which suggests 
a better crystalline quality. 
 
1.2.2. Experiments were performed on 
TiO2 deposition on mono-crystalline Si 
(110) by evaporation of Ti in oxygen-
containing residual vacuum ambience by 
using a plasma cathode electron gun. The 
thicknesses of the films were 40-300 nm, 
obtained at deposition times from 5 to 40 
min. Two polymorphic tetragonal structure 
types of the TiO2 were observed, namely, 
rutile and anatase. The thin films could 
find various applications, such as         
anti-reflection layers, in photovoltaic 
panels, gas sensors, multilayer optical 
coatings, etc. 
 
1.3. Electron-beam melting 
 
1.3.1.The capabilities were studied of EB 
recycling of scrap and wastes of high-
value metals and alloys in view of 
determining the technological parameters 
of electron-beam melting and refining 
(EBMR) of wastes of titanium, hafnium 
and tantalum. The influence was studied of 
the beam power and the resident time on 
the geometry parameters of the molten 
pool during EBMR of Ta and Ti. The 
temperature distribution on the pool 
surface was measured for all regimes 
investigated. The investigation of the 
mechanisms of EB drop melting of Ti, Hf 
and Ta wastes showed the refining 
limitations in each concrete case. In the 
case of Ti, the evaporation rate from the 
molten pool surface is the limiting factor 
for the Al, Ni and Mo components. For the 
case of EBMR of Ta wastes, the limiting 
factors are the evaporation rates of W, Cr, 
Ce and Si. The alloy components, whose 
evaporation is controlled by the resident 
time of the re-molten metal in the molten 
phase and by the superheating of the 
molten metal, are Ca and Cr in the case of 
Ti, and Al, Fe and As in the case Ta. For 
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these components, the refining limitation 
is the mass-transfer-rate, while the depth 
of molten pool is an important parameter. 
In the case of Ca and Al refining by 
EBMR of Ti wastes, of substantial 
importance is the higher affinity to 
oxygen; these are usually removed as 
oxides thus diminishing the quantity of 
TiO2. The impurities whose concentration 
does not change during EBMR of Ti are 
Si, V and Fe; and Mo and K in the case of 
EBMR of Ta. 

Measurements of the heat distribution 
on the molten pool surface at EBMR of Ti 
allowed us to conclude that in the presence 
of a good contact between the ingot side-
wall and the inner wall of the crucible, the 
heat flow through this thermal contact 
leads to a considerable thermal gradient 
across the cross-section of the cast ingot, 
which is a condition suitable for formation 
of a dendrite structure. In the case of a bad 
thermal contact, the temperatures 
measured at the center and the periphery of 
the molten pool surface are similar and the 
alloy components are more uniformly 
distributed across the ingot cross-section. 

Using mathematic modeling and 
statistical analysis we evaluated the kinetic 
coefficients thus providing an adequate 
choice of the EBMR control parameters, as 
well as optimization of the quality of the 
metal refined. The results were applied to 
the development of a technology for 
recycling of Ta wastes (from electrical 
capacitors), Hf and Zr wastes (machining 
scrap), Ti (surgical implants fabrication 
scrap). 
 
1.3.2. A joint team comprising researchers 
of our Laboratory and of the Department 
of Automation of the University of 
Chemical Technology and Metallurgy 
developed and applied integrated 
information media for simulation and 
control of the processes of electron-beam 
melting and refining of metals and alloys. 
The aim was to increase the efficiency of 
scientific research in this area and to 
improve the quality of the results. During 

the year reported we defined the 
requirements to the control system. An 
important point in defining the 
requirements was the development of a 
model of the states containing various 
system states, such as the state of vacuum 
generation (start of system work), stop of 
system work, etc., in agreement with the 
standard ANSI/ISA-S88 for the control of 
systems with periodic operation, as well as 
the related defining of models with 
different level of abstractedness in 
connection with the standard cited. The 
requirements defined formed the basis on 
which the control system was built and its 
formal verification executed. In order to 
implement the requirements to the 
integrated information media, we proposed 
the use of an information framework that 
includes various examples realized on the 
basis of the GERAM standard referent 
architecture, containing nine basic classes, 
namely, GERA, EEM, EML, EET, PET, 
GEMC, EM, EOS and EMO. The referent 
framework is presented through the UML 
diagram of the classes and is utilized as the 
foundation for building the referent 
architecture of the integrated information 
media and models representing various 
examples of EBMR equipment. This 
referent architecture, together with specific 
architectures of integrated information 
media, were presented and discussed in the 
published papers. An object-oriented 
approach was used, namely UML, that 
allowed us to build the system as an 
ensemble of cooperative objects at various 
levels of abstractedness. At the top levels 
of abstractedness, the architecture 
presentation employs UML diagrams for 
each case of use. The different cases of use 
are “information collecting and 
extraction”, “information analysis”, 
“decision making systems”, “management 
systems“, etc. The study and simulation of 
the refining processes kinetics has to do 
with finding the kinetics coefficients, as 
well as defining the refining rates and the 
relative weight (weight coefficients) of the 
respective refining mechanisms, such as 
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mass transfer (diffusion, convection), 
evaporation from the surface etc. (e.g., 
chemical interactions). Using Monte Carlo 
simulation and a computer code developed 
by us, these coefficients were determined 
for the refining of inclusions in titanium. 
We were able to conclude that evaporation 
from the molten surface is the predominant 
mechanism for most of the components. In 
the case of Al and Mn, the chemical 
interactions are of considerable importance 
despite the low refining rate. 

The results of the above research 
activities were used in five MS and three 
BS theses defended at the University of 
Chemical Technology and Metallurgy. 
 
 
2. Studies of electron beam processes 
 
2.1. Electron-beam welding 
 
2.1.1. The geometrical parameters of the 
cross-section of welds produced during 
electron-beam welding (EBW) are difficult 
to predict due to the lack of knowledge on 
the radial and angular spatial distribution 
of the beam electrons in the beam-treated 
material interaction zone. All known 
thermal models of the EBW use arbitrary 
heat-source distribution acting in the zone 
of the molten weld pool due to neglecting 
the distances from the electron gun to the 
welded samples and to the focusing plane 
(position of minimal beam cross-section) 
as the minimum of the beam-power 
distribution in the multi-coordinate space. 

In order to develop models suitable for 
use in computer expert systems aiming to 
assist welding plant operators and, in the 
future, to automate the control of the EBW 
process, our laboratory staff continued its 
efforts on developing a statistical approach 
to realizing adequate models for predicting 
the geometry of the EB welds. An 
experiment is planned for a given material 
at various process parameters, namely, 
beam current and welding velocity, 
distance from the e-gun to the welding 
surface and from the e-gun to the focus 
plane (minimal beam cross-section). The 

EBW would then be performed using 
samples inclined at 30o and weld images 
are produced on polished cross-sections at 
various points along the sample length. 
This is followed by compiling third-order 
regression equations. They determine the 
relation between the process parameters 
and the geometrical characteristics of the 
weld. 

Furthermore, another approach was 
developed that makes use of three-layer-
neural-networks-based models. The 
methodology was applied to investigate 
the geometrical characteristics of the weld 
cross-section and the thermal efficiency. 
The neural network was trained using a set 
of experimental data containing different 
welding regimes. On this basis, predictions 
and process optimization were performed. 
This approach allowed us to predict 
irregularities in the output values 
simulated and overlay mistakes in the 
experimental data. A computer expert 
system was developed for EBW equipment 
operators that utilize modules for 
simulation of EBW of stainless and 
structural steels. The optimization of the 
EBW was made possible by utilizing a 
desirability function to achieve a regime 
that allows one to produce the weld 
geometry desired. In view of providing 
results applicable to the conditions of mass 
production, we investigated mathematical 
models of averaging the geometrical 
parameters of the weld, as well as models 
concerning the dispersion of the weld 
geometry parameters. Pareto optimization 
was used as a multi-criteria optimization 
technique. 

 
2.1.2. EB welds joining rapid steel R18 
and structural steel Ct45 were investigated, 
together with reconstitution of test samples 
for measurements of fracture resistance. 
New data were obtained on the relation 
between the key-hole formation in the 
molten pool and the technological 
parameters during EBW. 

EBW was applied to restoration or 
fabrication of platinum pots used for 
crystal growth. 
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2.2. Computer simulation of gyrotrons 
 

The work was continued on the 
development of adequate physical models 
and computer codes for modeling and 
simulation of two groups of gyrotrons. The 
first one includes high-power gyrotrons 
used for electron cyclotron resonance 
heating and electron cyclotron current 
drive of magnetically confined plasmas in 
tokamaks and other reactors for controlled 
thermonuclear fusion. The second focus of 
the research in this field was on the high-
frequency gyrotrons operating in the sub-
terahertz and terahertz ranges of the 
electromagnetic spectrum and used for 
many applications in the fundamental 
research and the technologies. 

Maintenance and optimization were 
performed of a set of computer codes and 
novel computational modules were 
developed to be combined in an integrated 
problem-oriented software package called 
GYREOSS. Moreover, a further 
development of the GYRSIM software 
package and its use for computer aided 
design (CAD) were carried out, thus 
assisting in the optimization and study of 
new high-frequency gyrotrons. During the 
year, numerical experiments by using both 
the GYREOSS and the GYRSIM packages 
were carried out in order to test and 
benchmark the newly developed and 
modified software components, as well as 
to analyze and design novel gyrotrons. The 
main results could be summarized as 
follows: (i) improved performance and 
enriched functionality of the GYREOSS 
and GYRSIM software packages; (ii) a 
number of numerical experiments were 
carried out with the results being used for 
CAD and optimization of high-power 
high-frequency gyrotrons. 
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Adhesion, ed Mittal K L (VSP/Brill 
Leiden) 5 96-106 

7. Beshkova M, Syväjärvi M, 
Vasiliauskas R, Birch J and 
Yakimova R 2009 Structural 
properties of 3C-SiC grown by 
sublimation epitaxy Mater. Sci. 
Forum 615-7 181-4 

8. Vasiliauskas R, Syväjärvi M, 
Beshkova M and Yakimova R 2009 
Two-dimensional nucleation of cubic 
and 6H silicon carbide Mater. Sci. 
Forum 615-7 189-92 

9. Koleva E, Vuchkov I and Velev K 
2009 Multiresponse robust 
engineering: case with errors in 
factor levels PLISKA Studia 
Mathematica Bulgarica 19 193-206 

10. Mladenov G, Koleva E, Vutova K, 
Kostic I and Spivak V 2009 Resists 
for electron beam nanolithography 
Electronics and Electrical Engin. 5-6 13-20 

11. Koleva E, Mladenov G, Garkova K 
and Kardjiev M 2009 Quality 
characterization of electron beams 
Electronics and Electrical Engin. 5-6 64-69 
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12. Mladenov G M, Petkov M N, 

Mollov D, Velinova S and Koleva E G 
2009 Deposition of TiO2 thin films by 
plasma-cathode electron beam evaporation 
in oxygen atmosphere Electronics and 
Electrical Engin. 5-6 260-3 

13. Christova N and Koleva E 2009 
Neural network–based modeling and 
optimization of EBW of stainless 
steel Electronics and Electrical 
Engin. 5-6 104-11 

14. Vutova K, Vassileva V, Koleva E, 
Georgieva E, Mladenov G, Mollov D 
and Kardjiev M 2009 Investigation 
of electron beam melting and refining 
of Ti and Ta scrap Electronics and 
Electrical Engin. 5-6 252-9 

15. Mladenov G M, Petkov M N, 
Mollov D, Velinova S and Koleva E G 
2009 Deposition of TiO2 thin films 
by plasma-cathode electron beam 
evaporation in oxygen atmosphere 
Electronics and Electrical Engin. 5-6 260-3 

16. Koleva E, Mladenov G, Vuchkov I, 
Velev K, Lamond B and Petrova D 
2009 Program tool EBMR-MREDO 
for robust engineering quality 
optimization of EBMR of titanium 
Electronics and Electrical Engin. 5-6 264-9 

17. Младенов Г 2009 Нанотехнологии 
Техносфера 2/6 31-41 

18. Младенов Г 2009 Нанотехнологии 
Техносфера 3/7 9-22 

19. Vutova K, Vassileva V, Koleva E, 
Mladenov G and Georgieva E 2009 
Titanium regeneration from waste 
product Proc. Int. Conf. Ti-2009 
(May 2009 Оdessа Ukraine) pp 74-9 

20. Петров П, Георгиев Ч, Зъбов П и 
Младенов Л 2009 Получение 
наноструктурированных износо-
устойчивых покритий на основе 
нитрида углерода Трудове IX 
Межд. Конф. Химия твердого 
тела: монокристаллы, нано-
материалы, нанотехнологии 
(Кисловодск Россия) стр 153-4 

21. Христова Н и Колева Е 2009 
Създаване на невронни модели и 
оптимизиране на термичната 
ефективност при електронно-
лъчево заваряване Трудове IX 
международна конференция 
Авангардни Материали и 
Обработки АМО’09 (Юни 2009 
Кранево България) 1 221-6 

 
ONGOING RESEARCH PROJECTS 
 
Financed by the National Science Fund 
 
1. DO 02-200. New materials 

regeneration through electron beam 
melting and refining of refractory and 
reactive metals and alloys in vacuum. 

2. BIn-5. New materials regeneration 
through electron beam melting and 
refining of refractory metal wastes in 
vacuum . 

3. NTS 01-193. New materials, nano-
dimensional devices and electron 
control systems for/or created with 
beam technologies 

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

5. VUI 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 
 
1 Regeneration of crystallization pots. 

IFTT, BAS, Sofia, Bulgaria. 



Annual Report IE 2009 
 

25

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

 
Collaboration with other foreign 
institutions 
 
1. High-technology sub-micron electron 

beam lithography, 
Institute of Informatics, Slovak 
Academy of Sciences. 

2. Investigation 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. 

4 Generation and use of intense electron 
beam , created by plasma emitter 
electron gun, 
Institute of High Current Electronics, 
Siberian branch of Russian Academy 
of Sciences. 

 
LECTURE COURSES 
 
1. Electron and ion technology - for 

master degree in Microelectronic 
Technology at the Faculty of 

Electronics Engineering, Technical 
University; Sofia, Bulgaria. 

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

3. Industrial management - for master 
degree in Quality control and 
improvement, in Chemical and 
Metallurgy Technology University, 
Sofia, Bulgaria. 

4 Microfabrication and applications in 
metallurgy of electron and ion beams, 
University Institute for Advanced 
Studies of Pavia, Italy. 

 
LABORATORY FELLOWS VISITS 
 
1. G. Mladenov 

Sixth Int. Conf. Beam Technologies 
and Laser Applications, 22-26 Sept. 
2009, St. Petersburg, Russia. 

Eighth Int. Conf. Thin Films and Nano-
electronics, 17-23 May, 2009 Ivano-
Frankivsk, Ukraine. 

University of Pavia, Italy, 4-8 Feb. 2009. 
2. K. Vutova 

35th Int. Conf. Micro and Nano 
Engineering (MNE’2009) 28 Sept.-2 
Oct. 2009 Gent, Belgium. 

Int. Conf. Ti in the Independent 
countries, 17-20 May 2009, Odessa, 
Ukraine. 

3. S. Sabchevski, 
University of Fukui, Fukui, Japan. 
1 Oct.-31 Dec. 2009. 

4. V. Vasileva 
Int. Conf. Ti in the Independent 
countries, 17-20 May 2009, Odessa, 
Ukraine. 

5. Y. Georgiev 
Science Communication Workshop 
27-31 March 2009, Dubrovnik, 
Croatia.  

6. P. Petrov 
Int. Electron Beam Welding Conf. 
2009, McCormick Place, Chicago, 
USA. 
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7. M. Beshkova 

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

 
VISITS OF FOREIGN SCIENTISTS 
 
1. Prof. Takeshi Tanaka, 

Hiroshima Technology Institute, 
Japan. 

2. Ivan Sarlay, 
Veeco, 
Budapest, Hungary. 

3. Prof. Bernard F. Lamond, 
Department of Operation and Decision 
Systems, Laval University, Quebec 
city, Canada. 
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LABORATORY 

 
SUPERCONDUCTIVITY AND CRYOELECTRONICS 

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

 
TOTAL STAFF: 8 

RESEARCH SCIENTIST: 5 
Assoc. Prof. E. S. Mateev, Ph.D.; S. I. Miteva, Ph.D.; B. S. Blagoev, Ph.D.; L. I. Neshkov;  
R. V. Todorovska. 
 
 
RESEARCH ACTIVITIES 
 

The main fields of activity of the 
laboratory team in 2009 were optimization 
of the growth conditions of epitaxial 
submicron layers and heterostructures of 
high temperature superconductors (HTS) 
and ferromagnetic (FM) manganites, 
investigation of the physical characteristics 
of these submicron layered structures at 
low and microwave frequencies and 
development of devices comprising 
HTS/FM structures. 
 
1. Three-layer structures of HTS YBCO 
and manganite LSMO nanolayers 

 
DC and RF magnetron sputtering 

techniques were used for deposition of 
nano-films of HTS YBa2Cu3O7-x (YBCO) 
and FM manganite La0.7Sr0.3MnO3 
materials on LaAlO3 (LAO) substrates 
(10 mm×10  mm) and for fabrication of 
single-, double- and triple-layer structures 
on different areas of the same substrates. 
To obtain three-layer YBCO/LSMO/YBCO 
structures, once the bottom YBCO1 layer 
(~70 nm) was deposited by DC magnetron 
sputtering, the sample was transported into 
the RF magnetron system where 
deposition of the LSMO layer (~20 nm) 
was performed, and, finally, the sample 
was transported back to the DC magnetron 
system and the final top YBCO2 layer 
(~70 nm) was sputtered. Masks prepared 
from stainless-steel-foil, were used during 
the deposition process to form the 
“shadowed” areas of the sample free of 

YBCO or LSMO components. Thus, 
samples were fabricated containing areas 
with a single YBCO2 layer, double 
YBCO2/YBCO1 and YBCO2/LSMO layers 
and a triple-layer (YBCO2/LSMO/YBCO1). 
This configuration provided a possibility to 
study the crystalline structure and electrical 
characteristics of areas of the sample 
containing a different number of layers. 

The single- and double-layer areas of the 
sample exhibited a linear temperature 
dependence of the resistivity and a steep 
superconducting transition. The temperature 
dependence of the resistivity of the triple-
layer area was nonlinear and the 
superconducting transition was less steep. 
However, all areas of the sample 
demonstrated relatively high temperatures of 
the superconducting transition (TC>84 K). 

Such three-layer structures, which 
include HTS and FM layers, are important 
for applications in magnetic tunnel 
junctions and spintronics devices. 
 
2. Anomalous magnetic field response of 
YBCO/LSMO bilayers 
 

An unusual response of some HTS/FM 
(YBCO/LSMO) bilayers to an AC 
magnetic field was observed at 
temperatures close to the critical one and 
an out-of-phase magnetic field (created by 
the structure), exceeding nearly twice the 
external magnetic field, was registered at 
the surface of the structure. The effect is 
not due to the magnetization of the FM 
layer, as the amount of FM material in the 
studied structures is too small to produce a 
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measurable magnetic field. The effect 
appears at temperatures where the density of 
the screening current in the HTS film 
reaches its critical value and, possibly, is due 
to modifications in the screening currents 
loops (which create a magnetic field at the 
sample surface) in some less homogeneous 
samples in the critical temperature region. 
The effect observed could be applied in 
signal processing systems. 
 
3. Photo-catalytic layers prepared at 
different conditions 
 

The photo-catalytic activity was 
investigated of TiO2 layers prepared from 
commercial TiO2 powders by spray-
drying. The effects of the TiO2 material 
quality, the substrate quality, the 
preparation conditions, and the annealing 
temperature on the morphology, the 
granularity and the phase composition 
were analyzed in detail. As a result, 
optimal conditions for preparation of TiO2 
layers were proposed. The results obtained 
are important for growing high-quality 
TiO2 layers suitable for practical 
applications. 
 
4. Domain walls characteristics of in 
LSMO nanofilms 
 

The dynamic characteristics of domain 
walls in ferromagnetic LSMO nanofilms 
deposited on LAO substrates were 
investigated using a magneto-optical 
technique. When the strength of the 
external tangential magnetic field exceeds 
a certain threshold value, the domain wall 
begins to move. The motion of the domain 
wall can be described as a fast “jump” 
over a distance l0 from the starting 
metastable position at time t0, followed by 
a slow drift ldr(t). The long-time drift of 
the domain wall under a constant magnetic 
field is behavior typical for magnetic 
materials that exhibit hysteresis due to the 
multiplicity of the available metastable 
states. It was found that the relation 
between the drift distance and drift time 

can be described by a logarithmic function. 
This means that the after-effect observed is 
similar to a Richter type after-effect and 
results from the relaxation mechanisms 
which involve a wide distribution of 
energy barriers, such as point defects, 
strained or distorted micro-regions, 
dislocations, etc. The information obtained 
on the dynamic characteristics of domain 
walls is important for possible LSMO 
films applications in information storage 
and processing devices. 
 
PUBLICATIONS 
 
1. Nurgaliev T 2009 Some peculiarities 

of using of dielectric resonators in 
microwave surface impedance 
measurements Int. J. Modern Phys. B 
23 4473-80 DOI: 10.1142/SO-
217979209063602 

2. 
 

Beshkova M, Blagoev B, Kovacheva D, 
Mladenov G and Nurgaliev T 2009 
Effect of thermal annealing on the 
properties of the YBCO films grown 
by DC magnetron sputtering 
J. Optoelectr. Adv. Mater. 11 1537-40 

3. 
 

Uspenskaya L S, Nurgaliev T and 
Miteva S 2009 Magnetization 
reversal of thin La0.7Sr0.3MnO3 
manganite films grown on LaAlO3, 
J. Phys. D: Appl.Phys. 42 185006 
DOI: 10.1088/0022-3727/42/18/185006 

4. 
 

Donkov N, Zykova A, Safonov V 
and Mateev E 2009 Modern methods 
of Ta2O5 coating deposition for 
biomedical applications J. Problems 
of Atomic Sci. Technol. 153-8 

5. 
 

Uspenskaya L S, Kurbatoba I V, 
Nurgaliev T and Miteva S 2009 
Kinetics of magnetization reversal in 
a thin La0.7Sr0.3MnO3 manganite film, 
Bulletin Russian Acad. Sci. 73:1110-2 
ISSN: 1062-8738 

6. 
 

Uzunova-Bujnova M, Todorovska R, 
Malinova M, Kralchevska R and 
Todorovsky D 2009 On the spry-
drying deposition of TiO2 
photocatalytic films Appl. Surf. Sci. 
256 830-7 ISSN: 0169-4332 
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7. 
 

Nurgaliev T, Mateev E, Miteva S, 
Blagoev B, Strbik V, Uspenskaya L S, 
Benacka S and Chromik S 2009 
YBCO and LSMO nano-films and 
three-layer structures Proc. 
Workshop Nanosci. & Nanotechnol. 
9 107-10 eds E. Balabanova and  
I. Dragieva (BAS-NCCNT, “BPS” 
Ltd., Sofia, Bulgaria) 

 
ONGOING RESEARCH PROJECTS 
 
Financed by the National Science Fund 
 
1. F1503/05 Characteristics and 

application possibilities in spinotronics 
of sandwiches of HTS and magnetic 
oxides (2005-2009). 

2. VUX05/05 Photoluminescent 
properties of thin films prepared by 
incorporation of metal complexes into 
SiO2–sol-gel matrix (2005-2008). 

3. TN-1316 Nanocomposite materials for 
polymer optics (2005-2008). 

4. Project No 107 Experimental and 
theoretical investigations of cylindrical 
and coaxial microwave plasma sources 
for echological technologies (2009-2011). 

5. Project No 157 Experimental and 
theoretical investigations of cylindrical 
and coaxial microwave discharges 
from low to atmospheric pressures 
(2008-2010). 

 
Financed by NATO Science for Peace 
Program 
 
SfP977986 Fabrication and properties of 
porous electro and photo-catalytic films 
(2007-2011). 
 
COLLABORATIONS 
 
1. Investigation of electrical and 

microwave effects due to the 
interfaces in cuprate/manganite 
heterostructures, 
Institute of Electrical Engineering, 
Slovak Academy of Sciences, 
Bratislava, Slovak Republic. 

2. Nanofilms and heterostructures of 
magnetic manganites and high 
temperature superconductors, 
preparation, investigation of the 
electric characteristics and magnetic 
domain structure (2009-2011),  
Institute of Solid State Physics, 
Russian Academy of Sciences, 
Chernogolovka, Russia. 

3. Preparation of Ta2O5 layers for needs 
of medicine and biology (2008-2010), 
Institute of Surface Engeneering, 
Ukraine Academy of Sciences, 
Ukraina. 

 
 
CONFERENCES 
 
1. Nurgaliev T, Mateev E, Blagoev B, 

Miteva S, Neshkov L, Strbik V, 
Uspenskaya L S, Benacka S, Chromik S 
and Nedkov I, 
YBCO and LSMO nano-films and 
sandwiches prepared by magnetron 
sputtering, 
9th European Conference on Applied 
Superconductivity (EUCAS 2009), 
Sept 2009, Dresden, Germany. 

2. Blagoev B, Mateev E, Strbik V, 
Nurgaliev T and Uspenskaya L S, 
Magnetron sputtering of poly-
crystalline LSMO/YBCO structures on 
sapphire substrates, 
16th Int. Summer School on Vacuum, 
Electron and Ion Technologies, 28 Sept 
− 2 Oct 2009, Sunny Beach, Bulgaria. 

3. Strbik V, Benacka S, Mateev E, 
Blagoev B, Nurgaliev T, Miteva S, 
Long-rang proximity effect in 
LSMO/YBCO bilayers, 
16th Int. Summer School on Vacuum, 
Electron and Ion Technologies, 28 Sept 
− 2 Oct 2009, Sunny Beach, Bulgaria. 

4. Mateev E, Blagoev B and Nurgaliev T,  
Reversion of the magnetic field by 
SC/FM bilayers in the vicinity of the 
critical temperature, 
16th Int. Summer School on Vacuum, 
Electron and Ion Technologies, 28 Sept 
− 2 Oct 2009, Sunny Beach, Bulgaria. 
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5. Vlakhov E, Nenkov K, Neshkov L, 

Blagoev B, Mateev E and Nurgaliev T, 
NdBaCo2O5+x thin films 
characterization and their application 
potential, 
11th Workshop Nanosci&Nanotechnol, 
Oct 2009, Varna, Bulgaria. 

6. Uzunova-Bujnova M, Kralchevska R, 
Milanova M, Todorovska R, Hristov D 
and Todorovsky D, 
Crystal structure, morphology and 
photocatalytic activity of spray-
deposited films from TiO2 and 
modified TiO2, 
2nd European Conference on 
Environmental Applications of 
Advanced Oxidation Processes, Sept 
2009, Cyprus, Greece. 

 
 
 
 
 

LABORATORY VISITS 

1. Dr. Mateev E, 
Institute of Electrical Engineering, 
SAS, Bratislava, Slovak Republic, 
July 2009. 

2. Dr. Nurgaliev T, 
Institute of Solid State Physics, RAS, 
Chernogolovka, Russia, June 2009. 

 
GUESTS 
 
1. Dr. Strbik V, 

Institute of Electrical Engineering, 
SAS, Bratislava, Slovak Republic, 
Sept.-Oct. 2009. 

2. Dr. Uspenskaya L S, 
Institute of Solid State Physics, RAS, 
Chernogolovka, Russia, June 2009. 
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LABORATORY 
 

GAS LASERS AND LASER TECHNOLOGIES 
 

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

TOTAL STAFF: 11 
RESEARCH SCIENTISTS: 8 

Assoc. Prof. N. N. Nedialkov, Ph.D.; Assoc. Prof. A. Og. Dikovska, Ph.D.; M. E. Koleva, Ph.D.; 
N. E. Stankova Ph.D.; A. S. Nikolov, Ph.D.; S. E. Imamova; E. L. Pavlov; I. G. Dimitrov. 
 
 
RESEARCH ACTIVITES 
 
1. Pulsed laser deposition of thin films 
 
1.1. TiO2 optical films 
 

We studied the evolution of the crystal 
and the microstructural and optical 
properties of pulsed-laser deposited TiO2 
films by means of X-ray diffraction, 
atomic force microscopy, scanning 
electron microscopy, optical transmittance 
and m-line spectroscopy measurements. 
The samples were grown on (001) SiO2 
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, 
together with a strong dependence of the 
optical properties on the surface roughness 
and microstructure. All films exhibited 
single-mode waveguiding and optically 
anisotropic properties. 
 
1.2. Transparent conductive Al-doped 
ZnO thin films 
 

Highly textured pure and Al-doped 
ZnO thin films were produced by pulsed 
laser deposition in view of applications 
such as transparent electrodes. The 
crystalline quality, optical transmission 
and electrical properties of the films 
strongly depend on the presence of Al 
dopants. All the films showed 82 – 90% 

optical transparency in the visible (VIS) 
and near infrared (IR) spectral ranges. The 
films prepared at 300 °C substrate 
temperature and 0.05 mbar oxygen 
pressure, maintained during deposition, 
had a resistivity of 2.4×10–4 Ω cm. 
 
2. Interaction of ultrashort pulsed laser 
radiation with matter 
 

Dielectric particles with sizes 
comparable to the visible light wavelength 
placed on silicon substrates were irradiated 
by 800 nm femtosecond laser pulses. From 
this template of dielectric particles, a novel 
and interesting optical intensity 
distribution of the femtosecond laser 
irradiation appeared. This optical intensity 
distribution resulted in a distinct pattern on 
the silicon substrate, which stems from the 
micro-lens properties of and Mie 
scattering by the dielectric particles. Using 
the finite differential time-domain method, 
we investigated the dependence of the 
optical intensity distribution on the particle 
size as determined by the equation for the 
size parameter α  = 2π r/λ  where r is the 
radius of the dielectric particle and λ  is 
the incident laser wavelength. A change in 
the size parameter induces a significant 
change in the optical intensity distribution 
in the vicinity of the particle. The 
distribution of the near-field intensity is 
analyzed by its fingerprint on a substrate 
where the particle is deposited and 
irradiated by the femtosecond laser pulse. 
Using this method, we defined the 
boundary between the lens effect and the 
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contribution from Mie scattering. The 
experimental results indicate that the near-
optical intensity generated, as mediated by 
the dielectric particles, can produce a 
nano-hole with a size below the diffraction 
limit. Specifically, given certain boundary 
conditions, the processed nano-hole 
features have a characteristic shape 
governed by the incident light polarization, 
which has an ellipsoidal shape with the 
long axis perpendicular to the polarization 
of the incident light. In the case of using 
dielectric particles of size smaller than the 
incident wavelength, the contribution of 
the lens effect diminishes and the optical 
field intensity distribution is determined 
predominantly by the Mie scattering 
mechanism. 
 
3. Nanotechnologies 
 
3.1. Nanostructuring 
 

We studied theoretically and 
experimentally nano-size modifications of 
substrates the near-field zone of metal 
nanoparticles placed on the substrates. 
Gold nanoparticles with diameter of 
200 nm were deposited on different 
substrates (dielectric, semiconductor, and 
metal) and irradiated by ultrashort laser 
pulses at the wavelength of 800 nm. 
Formation of surface modification under 
the nanoparticles was observed at laser 
fluences below the modification threshold 
of the bulk substrate. The appearance of 
these surface modifications were explained 
by the heating of the nanoparticles and by 
the local field enhancement in their 
vicinity. The heating of the nanoparticle is 
described by a two-temperature diffusion 
model, with the input optical properties of 
the nanoparticles being evaluated on the 
basis of the Mie theory. The near-field 
distribution was obtained by finite 
difference time-domain simulation. The 
influence of the incident radiation 
properties and the dielectric properties of 
the substrates on the modification 
characteristics was discussed. 

3.2. Plasmonics 
 

ZnO nanorod arrays were grown on a 
Si (100) substrate by a two-step PLD 
process in order to investigate the surface 
enhanced Raman scattering (SERS) effect 
by coating the nanorod arrays by an Au 
thin film. The Raman spectra of R6G 
lower than 100 nm were measured of the 
Au-coated nanorod arrays with an average 
diameter of 400 nm. The results indicated 
that the SERS properties depend strongly 
on the geometry and the size of the 
nanorods. A high SERS enhancement with 
400 nm diameter Au-coated ZnO nanorods 
was observed and explained theoretically 
by the appearance of stronger local 
electromagnetic field spots due to surface 
plasmon polaritons. The two-step off-axis 
PLD was found to be able to produce ZnO 
nanorods of various diameters by simply 
changing the growth position, while the 
gold-coated ZnO nanorods (nanoshells) 
were found to work efficiently as a SERS 
template. 

The nanohole fabrication process was 
investigated in the case of gold 
nanoparticles irradiated by a femtosecond 
laser at different incident angles. 
Nanoparticles with diameter of 200 nm 
and laser radiation with center wavelength 
of 800 nm were used. The analysis of the 
electromagnetic field distribution in the 
near-field zone of the particle was 
performed by simulations based on the 
finite differential time-domain method. It 
was shown that when a gold nanoparticle 
is irradiated by a laser pulse, surface 
plasmon excitation is induced and, 
associated with it, a high-intensity near-
field is produced in a limited area around 
the particle. It was found that the change 
of the irradiation conditions by means of 
irradiation from various incident directions 
gives a possibility of carrying out laser 
nanoprocessing with tunable 
characteristics. The results show that 
enhanced optical intensity can be induced 
on the substrate surface regardless of the 
incident direction of the laser beam due   
to the image-charge interaction with       
the substrate. Furthermore, the use of             
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p-polarized laser radiation at a certain angle 
of incidence yields a minimum of the 
spatial dimensions of the enhanced zone 
on the substrate, which is about twice as 
small as that obtained at normal incidence. 

Numerical results were obtained for 
the near-field enhancement inside a 
substrate mediated with a gold particle in 
view of nanohole processing on dielectric 
and semiconductor materials. The 
numerical calculations were performed bu 
using the finite difference time-domain 
method. The results show that the near-
field distribution inside the substrate 
exhibit quite unique properties, different 
from those on the substrate. The presence 
of a substrate results in a significant shift 
of the resonant wavelength where a 
maximal field enhancement is achieved. 
The depth profile of the enhanced near-
field determines the depth profile of the 
nanohole processing. Optical vortex and 
bifurcation are observed in the strongly 
enhanced area inside the substrate. This is 
similar to a phenomenon predicted near 
the plasmon resonant conditions. Similar 
optical bifurcation and vortex patterns are 
observed inside different substrates at the 
optimal wavelength excitation. The 
resonant wavelength shift is found to be 
strongly dependent on the refractive index 
of the substrate. These results are not 
explainable by an image-charge effect 
only. 
 

PUBLICATIONS 
 
1.* Sakano T, Tanaka Y, Nishimura R, 

Nedyalkov N N, Atanasov P A, Saiki T 
and Obara M 2008 Surface enhanced 
Raman scattering properties using 
Au-coated ZnO nanorods grown by 
two-step, off-axis pulsed laser 
deposition J. Phys. D: Appl. Phys. 41 235304 

2. Nedyalkov N N, Imamova S E, 
Atanasov P A and Obara M 2009 
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* The paper has been selected as part of 
Journal of Physics D: Applied Physics 
Highlights of 2008. The 30 articles, 
including this one, were chosen to give a 
representation of the best work published 



Laboratory Gas Lasers and Laser Technologies  34 

across all subjects of the journal in 2008, 
whether regular paper, fast-track 
communication, review article or cluster 
contribution. The selected articles have 
also proven popular with our readers and 
have been frequently downloaded. 

ONGOING RESEARCH PROJECTS 

Financed by Bulgarian 
Academy of Science 

 

 Pulsed laser deposition of thin films. 
  
Financed by the National 
Science Fund 
 

 

1. F–1512/05 Production and 
investigation of thin films for optical 
gas sensors. 

2. FNI – DО 02 -293 Plasmon and 
optical properties of metal 
nanoparticles and its application to 
high sensitive Raman spectroscopy 
and biophotonics. 

  

COLLABORATIONS 

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

2. Pulsed laser deposition of thin oxide 
films, 
Institute of Lasers, Plasma and 
Radiation Physics, Romanian 
Academy of Sciences, Bucharest, 
Romania. 

3. Pulsed laser deposition of planar 
waveguides, 
Institute of Physics, Czech Academy 
of Sciences, Prague, Czech Republic. 

4. Laser nanostructuring: basic and 
applications, 
Institute of Fluid-Flow Machines, 
Polish Academy of Sciences, Gdansk, Poland.

LECTURE COURSES 
 
1. Prof. Dr. Sc. P. A. Atanasov, “Nano-

particles generation by fs or ns laser 
ablation of metals in vacuum or 
water”, Technical University, Kladno, 
Czech Republic. 

2. Prof. Dr. Sc. P. A. Atanasov, “Ultrashort 
laser ablation of metals: influence of 
the processing parameters”, Institute 
of Physics, Czech Academy of 
Sciences, Prague, Czech Republic. 

 
GUESTS 
 
1. 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”. 

2. 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”. 

3. 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”. 

4. 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”. 

 
LABORATORY VISITS 
 
1. Prof. Dr.Sc. P. A. Atanasov, Institute 

of Fluid-Flow Machines, Polish 
Academy of Sciences, Gdansk, 
Poland. 

2. Assoc. Prof. Dr. N. N. Nedialkov, 
Institute of Fluid-Flow Machines, 
Polish Academy of Sciences, Gdansk, 
Poland. 
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3. Prof. Dr.Sc. P. A. Atanasov, Institute 
of Lasers, Plasma and Radiation 
Physics, Romanian Academy of 
Sciences, Bucharest, Romania. 

4. Dr. N. Stankova, Institute of Lasers, 
Plasma and Radiation Physics, 
Romanian Academy of Sciences, 
Bucharest, Romania. 

5. Assoc. Prof. Dr. N. N. Nedialkov, 
Keio University, Yokohama, Japan. 

6. Prof. Dr.Sc. P. A. Atanasov, Institute 
of Physics, Czech Academy of 
Sciences, Prague, Czech Republic. 

7. Prof. Dr.Sc. P. A. Atanasov, National 
Technical University of Athens, 
Greece. 

 
 

 
 

8. Assoc. Prof. Dr. N. N. Nedialkov, 
National Technical University of 
Athens, Greece. 

9. S. E. Imamova, National Technical 
University of Athens, Greece. 

 
AWARDS 
 
Professor Dr.Sc. Petar A. Atanasov, 
Corresponding Member of the Bulgarian 
Academy of Sciences, was presented with 
the PYTHAGORAS Great National 
Award for exclusive scientific 
achievements during 2008. 
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LABORATORY 
 

CONDENSED MATTER LASERS 
 

HEAD: Assoc. Prof. L. Avramov, Dr. Sc. 
 

TOTAL STAFF: 12 
RESEARCH SCIENTISTS: 7 

 
Prof. M. N. Nenchev, Dr.Sc.; Assoc. Prof. G. Todorov, Ph.D.; Assoc. Prof. E. G. Borisova, Ph.D.; 

A. T. Daskalova-Shivarova, Ph.D.; D. G. Slavov, Ph.D.; 
A. I. Gisbrecht; Z. S. Jordanova; D. S. Petkov; D. I. Hristov, L. Petrov. 

Ph.D. student: I. Bliznakova 
 
 
RESEARCH ACTIVITIES 
 
 

In 2009, the laboratory staff continued 
and extended their work in the three 
traditional fields of quantum electronics 
and photonics under work projects and 
contract with various funding institutions, 
as described below: 
 
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 vapors of 
alkali metals. Magnetic resonances and 
possibilities for application. 
 
3. Tunable lasers. Development of new 
methods and techniques for 
development of lasers with increased 
output power and multicolor emission. 
 
1. Biophotonics: Laser medical and bio-
medical research and applications 
 
1.1. Optical coherence tomography and 
light-induced fluorescence diagnosis of 
basal cell carcinoma 

The work carried out was a part of a 
clinical trial procedure for introducing the 
LIFS technique into the the common 
medical practice in the National 

Oncological Medical Center in Bulgaria 
for diagnosis of non-melanoma skin 
cancer. The OCT technique is available 
due to the cooperation with the Institute of 
Optoelectronics – INOE - Romania. We 
focused our attention on the basal cell 
carcinoma and its specific features as 
revealed by LIFS and OCT analysis. Two 
measurement campaigns were carried out 
– one in Sofia (May 2009) and one in 
Romania (October 2009). The patients 
were from the National Oncological 
Medical Center - Sofia and from the 
Dermatology Department of the General 
Hospital of Bucharest. Fluorescence 
measurements were carried out in NOMC 
– Sofia twice a week, so that more than 
120 patients underwent optical biopsy until 
December 2009. 

Initially, the lesions were classified 
visually and dermatoscopically by 
experienced dermatologists. Each lesion 
was evaluated using ABCD scoring 
criteria as follows: asymmetry (A), border 
(B), color (C) and dermoscopic structures 
(D). After optical measurements 
performed by standard methods, all lesions 
were examined histologically. The 
histological examination was used as a 
“gold” standard for determination of the 
lesion type and the final analysis of 
spectroscopic techniques feasibility was 
made by comparison with this histological 
examination in all cases reported. 

After   the   visual  and   dermatoscopic  
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classification, fluorescence signals from 
the lesions and the surrounding normal 
skin were detected using light-emitting 
diodes as excitation sources at different 
emission wavelengths, namely 365, 385, 
and 405 nm (output power 5 mW, θ = 20o, 
FWHM = 15 nm). An optical fiber bundle 
was used to deliver the light from the 
LEDs (6 surrounding illumination fibers) 
and to collect the fluorescence signal       
(1 read fiber). 

The spectra were recorded and stored 
using a fiber-optic microspectrometer 
(USB4000, Ocean Optics, Dunedin, FL, 
USA). A personal computer was used to 
control the system and to store and display 
the data using the specialized 
microspectrometer software. 

The optical coherence tomography 
measurements were performed using a 
Thorlabs OCTP930SR Spectral Radar 
OCT imaging system. This system 
combines a broadband light source with a 
high-speed spectrometer to perform 
Fourier domain detection of the OCT 
interference fringe signals.  

Both normal skin and lesion were 
studied by a 930 nm light source with 
optical power of 2 mW. The images were 
acquired at 8 frames per second, the image 
width being set to a maximum of 6 mm 
and the image size, to 512 rows. The 
spectral radar system has a 100-nm 
spectral bandwidth, which yields a typical 
imaging depth of ~1.6 mm and an axial 
resolution of 6.2 μm. The instrument is 
equipped with non-contact and contact 
tips, both of them used for studying the 
lesions. An integrated CCD camera was 
used for sample monitoring. 

We studied tumors at initial and 
advanced stages of growth. 

The OCT images clearly show a strong 
difference between the surfaces of tumors 
at initial and advanced stages of growth. In 
the former case we observed some 
disarrangement of the epidermal layer and 
loss of the epidermis-derma layered 
structure typical for the healthy skin. 
However, at the advanced stage of BCC 

pathology this disarrangement was much 
more pronounced and we observed a total 
loss of epidermal structures in the image 
detected, with deep disruptive structures 
on the lesion surface. 

Compared to non-lesional skin, a loss 
of normal skin architecture and a 
disarrangement of the epidermis and upper 
dermis were observed in all OCT images 
of malignant lesions. All BCC sites 
investigated demonstrated excellent 
correlation with the tissue thickness to a 
depth of 1 mm, as estimated by optical 
coherence tomography and routine 
histopathologic tests. This depth 
correlation was consistent across all 
malignancies observed. However, OCT 
images do not allow separating the sub-
types of BCC lesions observed with high 
diagnostic accuracy. One can delineate 
tumor borders with very good repeatability 
and visualize the edges, as well as the 
depth of the lesions for superficial BCC 
cases. Our observations agree with the 
conclusions of other investigators about 
the OCT applicability in BCC diagnosis. 

In what concerns LIF detection, red 
fluorescent maxima in the region        
630 – 700 nm were clearly observed in the 
case of advanced-stage BCC tumors. Such 
signal was observed in all cases when the 
BCC was detected at an advanced stage of 
growth, where patients reported 1,5 or 
more years of lesion existence. This signal 
could be related to the endogenous 
porphyrins which appear in the late stages 
of tumor development. 

The other chromophores related to the 
formation of the autofluorescence signals 
observed are mainly structural proteins, 
their cross-links, co-enzymes and lipids. 
The resultant spectrum detected in vivo 
was a superposition of signals from these 
compounds with different effectiveness of 
manifestation for every excitation 
wavelength. Compounds which fluoresce 
are collagen type I – at 400 – 405 nm; its 
cross-links – at 460 – 490 nm; elastin – 
with maxima at 400 - 420, 460 nm; elastin 
cross-links – fluorescence maximum at 
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about 500 nm; NADH – at 440 – 470 nm; 
keratin – at 430 – 460 nm, and flavins - 
near 500 – 520 nm. The influence of the 
melanin and hemoglobin pigments was 
observed in the fluorescence spectra as a 
larger decrease of the short-wavelength 
intensity vs. the long-wavelength intensity, 
as well as the appearance of minima at 
420, 543 and 575 nm.  

The results obtained could be used to 
complete the knowledge on the optical 
properties of these widely spread skin 
disorders, as well as to be introduced in 
clinical algorithms for early tumor 
detection and differentiation between 
normal / benign / malignant skin lesions. 
 
1.2. Fluorescence detection and 
photodynamic inactivation of pathogenic 
microorganisms

These studies were carried out under 
project DO-02-112/2008 “National Center 
on Biomedical Photonics” jointly with 
specialists from the Institute of Organic 
Chemistry, BAS and Institute of 
Microbiology, BAS. 

Photodiagnosis (PD) and 
photodynamic therapy (PDT) are 
innovative light-drug initiated treatment 
based on a photoactive compound being 
irradiated with suitable light – in the 
former case to fluoresce and be detected, 
and in latter, to produce oxygen species 
that are toxic to biological objects – 
bacteria, viruses, tumor cells. The 
photodynamic treatment as an alternative 
therapy of infections, especially ones 
caused by antibiotic-resistant 
microorganisms, has been developed in the 
last several years; it became known as 
photodynamic inactivation (PDI).  

We obtained very promising results by 
applying PD and PDI using several 
phthalocyanine derivatives as 
photosensitizing compounds to the 
treatment of aerobic, anaerobic, Gram-
positive and Gram-negative bacterial 
strains and fungi under a variety of 
treatment conditions, such as drug 
concentration, cell density, irradiation 

modes and light doses, as needed for 
optimizing the PDI process for different 
microbial species. 

Diode lasers in the red spectral region 
(635 nm and/or 665 nm) were used for 
fluorescence excitation and for 
photodynamic irradiation of the bacterial 
strains investigated. The process of 
bacterial samples’ inactivation was 
monitored by the fluorescence in the 
region of 670-800 nm of the 
phthalocyanines compounds using a 
micro-spectrometer; the signal detected 
was used to evaluate PDI effect and follow 
the dynamics and drug uptake in the 
bacterial cells treated. Based on the 
fluorescence data analysis we were able to 
compare the relative effectiveness of the 
different phthalocyanine compounds 
synthesized and optimize the irradiation 
mode of PDI treatment of different 
pathogenic microorganisms in view of in 
vivo applications. 

The challenge in local antimicrobial 
PDI is to find an optimal therapeutic 
regime – drug concentration, light density 
and irradiation time - whereby bacteria are 
killed without harming the surrounding 
human tissue. The initial experimental 
results are very promising in terms of 
developing a PDI treatment protocol; 
however, a controlled, randomized clinical 
trial can only demonstrate the efficacy of 
PDT for in vivo inactivation of bacteria. 
Further experiments are in progress to 
demonstrate the potential of the new 
phthalocyanine complexes in the treatment 
of antibiotic resistant microorganisms 
causing infections in humans. 
 
1.3. Surface foaming of thin collagen 
films 

Laser micro-structuring of thin 
collagen films became recently an 
alternative technique for tissue engineering 
due to the improved quality of fabrication 
of micro-structured porous foam used for 
artificial tissue synthesis. A major 
application of the foam obtained is related 
to cultivation of cells on these substrates. 
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The cell’s shape, size and growth 
orientation depend on the environment. 
The foam created simulates the natural 
environment of the fibrillar network of the 
extracellular matrix and permits the 
adhesion and growth of cells for 
fabrication of tissue scaffolds. Collagen 
serves as a model for laser interaction 
studies since its properties mimic the 
properties of soft biological tissue. 
Preliminary results were obtained on 
collagen modification by irradiation by 
single and multiple femtosecond laser 
pulses with variable pulse duration. 
Irradiation of collagen thin film by single 
pulses of femtosecond duration resulted in 
the creation of a foam layer with 
micrometer thickness. The structure and 
thickness of the layer strongly depended 
on the number of the laser pulses applied. 
Examination of the interaction of ultra-
short laser pulses with collagen films is 
useful for controlling the chemical and 
microstructural modification of the foam 
layer created. 
 
1.4. TTOOFF--SSIIMMSS  iinnvveessttiiggaattiioonn  ooff  hhaarrdd  
ddeennttaall  ttiissssuuee  iirrrraaddiiaatteedd  bbyy  hhiigghhllyy  cchhaarrggeedd  
iioonnss 

The investigation of ion-induced 
fragmentation dynamics of molecules of 
biological origin is a relatively young 
field. In this study we obtained TOF-SIMS 
mass spectroscopic data on irradiation of 
hard dental tissue by a beam of 129Xe20+ 
(15 keV) ions delivered in the ARIBE 
facility, Ganil from an ECR source. We 
have previously acquired good 
experimental results on bombardment by 
9-keV-accelerated Xe+ ions and ultra-short 
laser pulse ablation of hard biological 
tissue (bone and tooth). These preliminary 
studies provided initial information on the 
way to alter the chemical composition of 
molecules of biological origin. 

The studies reported were focused on 
the mass distribution of the fragment ions. 
A comparison was performed between the 
mass spectra obtained from hard dental 
tissue treated with Olaflur-(C27H60F2N2O3) 

and Fluorinol (C2H3F3O) and untreated 
such tissue under irradiation by low-
energy highly-charged ions (HCIs).We 
found significant differences between the 
mass spectra of enamel with introduced 
amine fluoride (Olaflur) and the mass 
spectra of pure untreated enamel. 
Furthermore, we separated out the 
irradiation effects induced in tooth enamel 
from those induced in dentin. A further 
detailed analysis necessitates extending the 
scope of the research on the influence of 
fluorine compounds on enamel and dentin.  
 

2. Coherent spectroscopy, nonlinear 
magneto-optical effects in vapors of 
alkali metals. Magnetic resonances and 
possibilities for application. Self-
alignment in a glow discharge. 
 

2.1. Nonlinear coherent resonances in Rb 
The basic model developed earlier and 

used to describe the interaction of a strong 
laser field with an atomic system was 
improved with the aim of taking into 
account specific regularities of excitation 
and registration, including the influence of 
an additional (laboratory) magnetic field 
and the velocity distribution of the atomic 
system. In this approach, the preliminary 
algebrized system of equation is written in 
the formalism of irreducible tensor 
operators which allows calculating the 
contribution of: 

- the scalar population 0
0f  of the upper 

energy level representing the main part of 
the signal observed in fluorescence during 
CPT resonances registration; 

- the longitudinal 0
kf  and transversal 

2
kf±  alignment of the atomic system with 

different rank k which are responsible for 
the formation of specific structures of the 
magnetic resonances having linewidth 
narrower than the typical resonances 
observed in fluorescence. 

In addition, this approach gives the 
opportunity for a natural selection of the 
polarization and angle dependent 
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components in the intensity of the 
observable resonances. 

The angular dependencies in the 
resonance amplitude include exactly the 
components describing the alignment. 
However, it is easy to show that in the case 
of fluorescence registration and symmetry 
of observation (referred to the plane 
determined by the polarization and the 
direction of irradiation) the contribution 
coming from the transfer alignment are 
canceling each other. 

The validity of the modified solutions 
was verified by comparison with works of 
other authors. It was shown that the high-
rank components like 0

kf  (k > 2) 
describing the D1 excited state of 87Rb are 
responsible for the narrow structures 
observed near the zero point of the CPT 
resonances. Although these components do 
not take part directly in the fluorescence 
they are converted in the observables 2

qf  
components for further interaction with the 
laser field. In this way specific narrow 
structures are observed. 

As a result of the calculations and 
estimations performed, it becomes clear 
that the narrow structures mentioned above 
can be registered by means changing the 
geometry of observation. This allows 
eliminating the 0

0f  fluorescence 
component while the contribution of the 
hexadecapole and other high-rank 
polarization moments is weakly 
manifested. It was shown that by applying 
a polarization registration technique and, 
in particular, by utilizing differential 
schemes, one can improve the contrast of 
the resonances observed with their 
linewidth being several times narrower 
than the classical CPT signal registered in 
non-polarized fluorescence. 
 
2.2. Magnetic resonances and possibilities 
of applications 

In cooperation with colleagues from 
the Institute of Physics, Belgrade, studies 
were performed based on an original 
geometry for pump-probe spectroscopy. 

Hanle resonances were observed from 
selected segments of the Gaussian laser 
beam cross-section. This approach allows 
investigating the physics of coherent 
resonance formation and resonance 
narrowing and holds promises for practical 
applications.  

Part of our work during past year was 
carried out in cooperation with the Laser 
System Laboratory of our Institute 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 a 
buffer gas and various dimensions were 
compared in terms of efficiency of the 
optical pumping process. The fluorescence 
spectra linewidth and the resonance 
maxima shifts in different cells were used 
to compare the performance of cells with 
different level of miniaturization. This 
investigation provided basic information 
on the optimal combination of the cell 
dimensions, buffer gas pressure and laser 
intensity on the coherent population 
trapping effect.  

The new results were presented at 
national and international conferences. 

 
2.3. Self-alignment and conductivity of a 
glow discharge 

A magnetically induced resonance of 
the conductivity was analyzed in the terms 
of self-aligned atomic states in a hollow 
cathode discharge. The resonance ΔU(BB0) 
arises when the magnetic induction applied 
B0B  destroys the self-alignment. The value 
of ΔU(BB0) characterizes the difference in 
the conductivity of both self-aligned and 
the non-aligned atomic ensembles. 
Generally, all self-aligned atomic states 
contribute to the resonance measured. Our 
investigations aimed to specify the 
contribution of NeI levels 1s5 and 1s4 to 
the resonance ΔU(B0B ). Selective light 
depopulation of these levels was achieved 
by irradiation at λ = 640.2 nm and             
λ = 638.3 nm. 
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3. Tunable lasers and components for 
applications in optical communication 
systems 
 

We developed further our patented 
approach for implementation of a two-
channel resonator to be used in new multi-
wavelength WDM component with 
tunable outputs and inputs. The principle 
consists in the use of parallel wedged 
interference structures with successive 
reflection of the incident light from the 
wedges. We treated theoretically and 
experimentally the action of such WDM 
device and compared the results with the 
operation of an experimental model 
showing its advantages over the known 
WDM components. Using an original 
patented approach to producing a two-
color emission from a single coaxially 
combined active medium in a high-power 
flash-lamp-pumped solid-state laser we 
developed (theory, comparison with the 
experiment) a laser that oscillates at two 
independently controlled wavelengths 
(1.06 and 1.33 µm; 0.69 and 1.06 µm and 
0.8 and 1.06 µm). Our solution avoids any 
competition between the two emissions. 

In    another    important    study,    we  

developed a new semiconductor laser 
system that produces in an all optical 
manner a narrow-line emission spectrally 
fixed at a chosen reference atomic 
absorption line (in our experiment at Cs 
0.8521 µm line, with the linewidth being 
~0.007 nm). The system uses a standard 
commercially available single-mode 
semiconductor laser whose emission line is 
scanned by varying the pumping current. 
We introduced the scanned diode laser 
emission in a modified Michelson-type 
interferometer, in one arm of which a cell 
is inserted with the absorption reference 
line chosen. As the wavelength is scanned 
and when the wavelength matches that of 
the absorption line, the interference 
changes and only the reference line 
appears at one of the interferometer 
outputs. The system was implemented and 
operated in an extremely stable manner for 
long periods of time (hours). The system is 
very simple and easy to realize in any 
middle-level laboratory. The main 
applications are in spectroscopy, including 
LIDAR techniques for excitation and, 
respectively, detection of a certain type of 
atoms in a mixture of different types of 
atoms or molecules. 
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conductivity of a glow discharge 
J. Phys. B: At. Mol. Opt. Phys. 
42 035701 DOI:10.1088/0953-
4075/42/3/035701; ISSN (Print Ed): 
0953-4075, ISSN (Electr. Ed): 1361-
6455 

12. Borisova E, Vladimirov B and 
Avramov L 2008 5-ALA/PpIX 
fluorescence detection of esophageal 
and stomach neoplasia – effects of 
autofluorescence background from 
normal and inflammatory areas 
Proc. SPIE 7027 7027-1A 

13. Angelov I, Mantareva V, Kussovski V, 
Woehrle D, Borisova E and Avramov L 
2008 Improved antimicrobial therapy 
with cationic tetra- and octa-
substituted phthalocyanines Proc. 
SPIE 7027 7027-17 

14. Borisova E, Dogandjiiska D, 
Bliznakova I, Avramov, L, Pavlova E 
and Troyanova P 2009 Multispectral 
autofluorescence diagnosis of non-
melanoma cutaneous tumors Progress 
in Biomedical Optics and Imaging 
Proc. SPIE 7368 736823 – 1-6 

15. Borisova E G, Vladimirov B, Terziev I, 
Ivanova R and Avramov L 2009  
5-ALA/PpIX fluorescence detection 
of gastrointestinal neoplasia”, 
Progress in Biomedical Optics and 
Imaging Proc. SPIE. 7368 736824 – 1-6 

16. Cristescu L, Carstea E, Pavelescu G, 
Borisova E and Daskalova A 2009 
Fluorescence fingerprints of different 
surface aquatic systems Proc. Int. 
Symp. The Environment and Industry 
(Romania) pp 253-8 ISSN 1843-5831

17. Tanja Dreischuh; Elena Taskova; 
Ekaterina Borisova; Alexander 
Serafetinides (Eds) 2009 Proc. 15th 
Int. School on Quantum Electronics: 
Laser Physics and Applications Proc. 
SPIE 7027 

18. Daskalova A and Husinsky W 2009 
High intensity laser-matter 
interactions: Measurements of ion 
and neutral emission and applications 
(chapter 12, p. 394-413) High-Power 
and Femtosecond Lasers: Properties, 
Materials and Applications (Nova 
Science Publishers) ISBN 
978160740096, 2009 

 
 
ONGOING RESEARCH PROJECTS 
 
Financed by the Bulgarian National 
Science Fund 
 
1. Contract No V-UL-01/05 Optical 

biopsy of dysplasia and tumors in the 
upper part of the gastrointestinal tract. 
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2. Contract No М-1422/04 Expansion 
and development of the possibilities 
for application of the optical biopsy 
and its approval in the diagnostics of 
malignant skin tumors. 

3. Contract No BR-14/07 Optimization 
of photodetection and photodynamic 
inactivation of microbial pollution. 

4. Contract No BIN-04/07 Inactivation 
of pathogenic bacteria of periodontal 
diseases – fluorescence diagnostics 
and photodynamic therapy. 

5. Contract No DO-02-112/2008 National 
Center on Biomedical Photonics. 

6. Contract No. DO-02-58/2008 
Development of infrastructure for 
neutron therapy in Bulgaria. 

 
Financed by the European Funds 
 
1. Contract No BG051PO001.3.3.04/56/2009 

Development of interdisciplinary 
thinking and training of young 
scientists working in the field of light-
matter interactions, 2009-2011. 

2. Laserlab-Europe FP7, project 
number: ulf-forth 001495, Studies of 
ultra-short laser ablation mechanisms 
of biological tissue by examination of 
the ablation products with TOF and 
plasma-shadow-graphy, 2009, Institute 
of Electronic Structure and Laser - 
Foundation of Research and 
Technology (IESL-FORTH), Heraklion, 
Greece. 

3. ITSLEIF- Transnational access 
program EU FP6, project number: 
P09073A,HCI-induced ToF-SIMS 
studies of hard dental tissues, 2009, 
CEA-CIMAP, Ganil, Caen, France. 

 
Financed by ministries, departments, and 
companies 
 
1. Contract financed by Optella Ltd. 

Photophysical characteristics 
investigation of newly synthesized 
photosensitizers for photodiagnosis 
and photodynamic therapy of 
malignant cutaneous lesions. 

2. Contract financed by the International 
Institute of the Vienna University of 
Technology Femtosecond laser 
ablation of biological tissues – atomic 
force microscopy and environmental 
scanning electron microscopy, 2009. 

 
COLLABORATIONS 
 
In the framework of project National 
Center on Biomedical Photonics 
 
1. Center for Optical Diagnostics and 

Therapy, Erasmus Medical Center, 
Rotterdam, The Netherlands. 

2. School of Pharmacy & Biomolecular 
Sciences, University of Brighton, UK. 

3. University of Ioannina, Greece. 
4. Institute of General Physics, Vienna 

University of Technology, Austria. 
5. Optics and Biomedical Physics 

Department, Research-Educational 
Institute of Optics & Biophotonics, 
Saratov State University, Russia. 

6. Department of Electrical Engineering 
and Electronics, University of 
Liverpool, Liverpool, UK. 

7. Frederick University, Department of 
Mechanical Engineering, Cyprus. 

8. University of Siena, Italy. 
9. Organic and Natural Products 

Chemistry Group, Chemistry 
Department, University of Aveiro, Portugal. 

10. Institute of Organic and 
Macromolecular Chemistry, 
University of Bremen, Germany. 

11. Biophotonics Laboratory & Head 
Atmospheric Sciences Division, 
Center for Earth Science Studies, India. 

12. Biophysics and PDT group, Institute 
for Cancer Research, Norwegian 
Radium Hospital, Norway. 

13. A. M. Prokhorov General Physics 
Institute, Russian Academy of 
Sciences, Moscow. 

14. School of Science and Technology, 
University of Sussex, UK. 

15. Physics Department, National 
Technical University of Athens, 
Greece. 
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16. Dept. of Constructive and Technol. 
Engin. National Institute of Research 
and Development for Optoelectronics – 
INOE - 2000, Romania. 

 
CONFERENCES 
 
1. A. Daskalova 

Morzine, France, 01-06 March 2009 
„2nd ITS LEIF WINTER SCHOOL”-
Physics & Techniques for Studies of 
Complex Systems, Surface 
modification of human dentine 
induced by ultrashort laser ablation: 
ToF mass spectroscopy and ESEM 
analysis – oral presentation. 

2. A. Daskalova, L. Avramov, E. Borisova 
Munich, Germany, 19-23 June 2009, 
participation in CLEOEUROPE - 
EQUEC2009 (Conference on lasers 
and electro-optics- EUROPEAN 
QUANTUM ELECTRONICS 
CONFERENCE). 

3. L. Avramov, E. Borisova 
ALT 09 (Advanced Laser Technol. 2009). 

 
LABORATORY VISITS 
 
1. E. Borisova 

Brighton, UK, 28.04 - 03.05. 2009, 
and 21.07 - 20.08. 2009 at the 
University of Brighton - joint research 
for development of engineering tissues 
for optical biopsy applications and 
skin tumor models for dosimetry, PDT 
and BNCT applications. 

2. E. Borisova 
Saratov, Russia, 20.05 - 10.06.2009 – 
joint investigation and training in 
measurement and evaluation of 
absolute optical parameters of 
biological tissues – stomach mucosa 
and cutaneous tissues. 

3. E. Borisova, I. Bliznakova 
Bucharest, Romania, 24 - 31 October 
2009 at the National Institute for 
Research and Development- 
Optoelectronics, joint scientific 
research on optimization of 
photodetection and photodynamic 
inactivation of microbial pollution. 

4. A. Daskalova 
Caen, France, CEA-CIMAP, Ganil, 6 - 
10 April 2009, preparation of a joint 
project under ITSLEIF Transnational 
Access program EU FP6 Program 
HCI-induced ToF-SIMS studies of 
hard dental tissues. 

5. A. Daskalova 
Heraklion, Crete, 11 - 22 May 2009, 
joint measurements under Laserlab 
Europe, EU FP7 Program Studies of 
ultra-short laser ablation mechanisms 
of biological tissue by examination of 
the ablation products with TOF and 
Plasma-Shadow-Graphy. 

6. A. Daskalova 
Vienna, Austria, 1 - 30 June 2009, 
joint research on observations of 
hillocks by ion bombardment and 
ultra-short laser radiation at Vienna 
University of Technology. 

7. A. Daskalova 
Caen, France, CEA-CIMAP, Ganil, 
July 2009, joint measurements under 
ITSLEIF Transnational access EU FP6 
Program HCI-induced ToF-SIMS 
studies of hard dental tissues. 

8. A. Daskalova 
Heraklion, Crete, September - 
December 2009, NOLIMBA- Marie 
Curie postdoctoral position, Transfer 
of Knowledge (TOK), Elucidation of 
molecular mechanisms and biological 
activities at the sub-cellular level by 
using non-linear microscopy with 
femtosecond laser pulses for the 
excitation. 

 
GUESTS 
 
1. Assoc. Prof. Natalia Bulgakova, 

Optical Spectroscopy Laboratory, 
Institute of General Physics, Russian 
Academy of Sciences. 

2. Prof. Diter Woehle, Institute of 
Organic and Macromolecular 
Chemistry, Bremen, Germany. 

3. Narayanan Subhash, Scientist F, PhD, 
Biophotonics Laboratory, Center for 
Earth Science Studies, Akkulam, 
Trivandrum, India. 
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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 for 
many practical devices. Miniaturization is 
not a trivial task because the reduction of a 
CPT sensor dimensions most frequently 
compromises its parameters. 

During 2009, our activities were 
devoted to theoretical and experimental 
investigations of the possibility of using 
alkali vapor atoms confined in nanometric 
and micrometric cells for miniaturization 
of photonics sensors based on coherent 
effects without significant reduction of 
their sensitivity and accuracy. 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. 

In collaboration with Armenian and 
Indian colleagues, the absorption and 
fluorescence spectra of alkali-vapor layers 
with thickness varying from 420 nm to 
2550 nm were investigated experimentally 
and theoretically. Narrow resonances of 
sub-Doppler width were observed, which 
are not observable in conventional alkali 
cells under similar conditions. New, 
enhanced absorption, optical resonances 

were theoretically predicted and 
experimentally demonstrated based on 
velocity selective “bright” optical 
pumping. In alkali-vapor layers of few-
micron thickness, narrower resonances 
were observed than those in conventional 
(cm-size) cells, showing that the reduction 
of the optical cell thickness can even result 
in the improvement of the parameters of 
optical frequency standards. Moreover, the 
study of the dynamics of atom-light 
interaction occurring in the nanometric 
cells made it possible to realize a 
significant narrowing of the CPT 
resonances in conventional cells. 

For the miniaturization of the CPT 
based photonic sensor, it is important to 
reduce atomic population loss due to 
optical pumping to “dark” atomic levels 
(non-interacting with the light). In 
collaboration with Italian colleagues, a 
new approach was proposed and realized 
in potassium vapor, whereby the optically 
pumped to the “dark” level atoms are 
redistributed back to the working levels, 
thus enhancing the CPT resonance contrast 
by more than two orders of magnitude. 

Recently, CPT resonances have also 
been investigated in cold atoms, where it is 
possible to achieve the long-lasting 
coherence needed for quantum computing. 
In collaboration with Polish colleagues, 
CPT resonances were observed in cold 
rubidium atoms. 

The results obtained during 2009  provide  
new knowledge related to the coherent 
interaction of light with atomic vapor 
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confined in nanometric and micrometric 
layers. Further on these results will be 
used for miniaturization of all-optical 
photonic sensors. 
 
PUBLICATIONS 
 
1. Gozzini S, Cartaleva S, Lucchesini A, 

Marinelli C, Marmugi L, Slavov D 
and Karaulanov T 2009 Coherent 
population trapping and strong 
electromagnetically induced 
transparency resonances on the D1 
line of potassium Eur. Phys. J. D 53 
153-61 ISSN 1434-6060 

2. Belfi J, Bevilacqua G, Biancalana V, 
Cartaleva S, Dancheva Y, 
Khanbekyan K and Moi L 2009 Dual 
channel self-oscillating optical 
magnetometer J. Opt. Soc. Am. B 26 
910-6, ISSN 0740-3224 

3. Cartaleva S, Saltiel S, Sargsyan A, 
Sarkisyan D, Slavov D, Todorov P 
and Vaseva K 2009 Sub-Doppler 
spectroscopy of cesium vapor layers 
with nanometric and micrometric 
thickness J. Opt. Soc. Am. B  26/11 
1999-2006 ISSN 0740-3224 

4. Gozzini S, Cartaleva S, Karaulanov T, 
Lucchesini A and Slavov D 2009 
Coherent population trapping on the 
second resonance line of potassium 
Acta Physica Polonica A 116/4 492-4 
PL ISSN 0587-4246. 

5. Gozzini S, Slavov D, Cartaleva S, 
Marmug L and Lucchesini A 2009 
Analysis of high efficiency 
electromagnetically induced 
transparency in potassium vapor 
Acta Physica Polonica A 116/4 489-
91 PL ISSN 0587-4246 

6. Biancalana V, Cartaleva S, Dancheva Y, 
Gosh P N, Mariotti E, Mitra S, Moi L, 
Petrov N, Ray B, Sarkisyan D and 
Slavov D 2009 Population loss in 
closed optical transitions of Rb and 
Cs atoms confined in micrometric 
thin cells Acta Physica Polonica A 
116/4 495-7 PL ISSN 0587-4246 

7. Vaseva K, Todorov P, Cartaleva S, 
Slavov D and Saltiel S 2009 
Investigation of the fluorescence 
spectra of Cs-vapor layers with 
nanometric thickness Acta Physica 
Polonica A 116/4 573-5 PL ISSN 
0587-4246 

8. Bliznakova I, Vankov O, Dreischuh T, 
Avramov L and Stoyanov D 2009 
Measurement of small variations in 
optical properties of turbid 
ingredients with respect to 
surrounding turbid medium 
Acta Physica Polonica А 116/4 681-3 
PL ISSN 0587-4246 

9. Kowalski K, Long V C, Viet H N, 
Gateva S, Głódź M and Szonert J 
2009 Simultaneous coupling of three 
hfs components in a cascade scheme 
of EIT in cold 85Rb atoms J. Non-
Cryst. Solids 355/24-27 1295-1301 
ISSN 0022-3093 

10. Slavov D, Cartaleva S, Sarkisyan D, 
Zubov P and Ghosh P 2009 
Rubidium vapor cell miniaturization–
influence on the optical pumping 
process Izv Vuz Physics 12/3 

11. Krmpot A J, Ćuk S M, Nikolić S N, 
Radonjić M, Slavov D G and Jelenković B 
M 2009 Dark Hanle resonances from 
selected segments of the Gaussian 
laser beam cross-section Optics 
Express 17/25 22491-98 

 
PATENTS 
 
1. 
 
 
 
 
 
 
 
2. 
 
 
 
 

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, 
validated in EU 2009. 
Stoyanov D, Gurdev G, Dreischuh T, 
Vankov O, Protochristov Ch,  
Radar on single spontaneously emitted 
gamma-photons, 
Reg. № 65770 В1 
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3. Stoyanov D, Gurdev G, Dreischuh T, 
Vankov O, Avramov L, Borissova E, 
Protochristov Ch, 
Optical multichannel transceiving 
system, 
Reg. № 65769 В1 

 
CONFERENCES 
 
1. Subov P, Vaseva K, Cartaleva S, 

Saltiel S, Sarkisyan D, Slavov D and 
Todorov P, 
High resolution spectra of Cs vapor 
layers with thickness variation around 
the light wavelength, 
IX International Scientific Conference 
on Solid State Chemistry: 
Monocrystals, Nanomaterials, and 
Nanotechnologies, 2009, Kislovodsk, 
Russia. 

 
ONGOING RESEARCH PROJECTS 
 
Financed by the Bulgarian National 
Science Fund 
 
1. Coherent spectroscopy of alkali nano-

layers for miniaturization of photonics 
sensors. 
Team leader: Dr. S. Cartaleva. 
Grant No: DO-02-108. 

 
Financed by the Bulgarian National 
Science Fund and other sources 
 
1. All–opticaldiode-laser-based magnetometer: 

miniaturization and parameters 
optimization. 
Bulgarian-Indian inter-governmental 
program of cooperation in science and 
technology (2008-2010). 
Coordinator: Dr. S. Cartaleva. 

 
 
 
 
 
 
 
 
 

COLLABORATIONS 
 
1. Coherent population trapping effect 

investigation for sensor 
miniaturization. 
Institute of Physics, Belgrade, Serbia.  
Coordinator: Dr. S. Cartaleva. 

2. Coherent population trapping effect in 
potassium vapour, 
IPCF-CNR, Pisa. 
Coordinator: Dr. S. Cartaleva. 

3. 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: Dr. S. Gateva. 

 
LABORATORY VISITS 
 
Cartaleva S, 
IPCF – CNR, Pisa, Italy, 14 days. 

Andreeva Ch, 
Riga, Latvia, 180 days. 

Vaseva K, 
Institute of Physics, Warsaw, Poland, 10 days. 
 
GUESTS: 
 
Biancalana V and Dancheva Y, 
CNISM-Phys Dept Siena Univ., Italy – 14 days. 

Ray B, 
University of Calcutta, Kolkata, India – 30 days. 
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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. Offset frequency and THz generation; 
Soliton solutions 
 

We investigated the influence of the 
offset frequency on the nonlinear third 
harmonic term (TH) and found that, 
instead of generating a TH, the 
femtosecond pulses start oscillating in the 
THz range. 

We studied the nonlinear polarization 
in fused silica and in the beginning we did 
not introduce the offset frequency in the 
model. The calculations were performed 
for a Ti-Sapphire laser source emitting 
spectrally limited 100 fs 
( ) Gaussian pulses 
at  Using the Fourier 

transformation  of the initial 
amplitude function  the nonlinear 
term can be expressed by: 
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where 0ωωϖ −=  and . After 
transformation of the expression under the 
second integral we obtain: 
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The TH term uses the spectral values 
of our initial pulse near the third harmonic. 
Even for fs pulses with spectral width of 
order of  the spectral 
distance to the third harmonic larger by 
two orders of magnitude: 

 and the value of TH is 
 In practice, on the TH 

frequency scale, the pulse looks like a 
Dirac delta function with zeros at spectral 
distances 

Hz,102 13
100 ×=fsωΔ

Hz1041.2 15
0 ×=ω

Hz.1023.73 15
0 ×=ω

00 2ωω +  (only self-action term 
works). Let us now introduce the offset 
frequency in the nonlinear amplitude 
equation and, in particular, in the nonlinear 
term. This can be performed in two 
different ways. The first one is when in the 
amplitude equation in the laboratory 
coordinate system the first-order operator 

( )tAvzAik gr ∂∂+∂∂ /)/1(/2 0  is presented 
by its phase equivalent 

 
( )[ ]tvziktrBtrA gr−−= 0exp),(),( ; 

 
the second one consists in rewriting the 
same amplitude equation in a Galilean 
coordinate system moving with group 
velocity ;tvzz gr−=′  . In both cases 
the nonlinear term is transformed to: 
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where )(22 0 grphoffcetnl vvk −== ωω . The 
result is that when the offset frequency is 
included into the model the TH term at a 
spectral distance 00 2ωω +  is transformed 
into a THz one shifted from the main 
frequency 0ω  at a distance nlωω +0  only. 
The nonlinear frequency shift calculated 
for fused silica in the case of laser pulses 
at 8000 =λ nm is  

 The spectral picture for ps 
and fs pulses and the relative location of 

 are presented in figure1 a) and b). 
The spectral shift  is within the 
spectral width of the 100 fs pulse 
( ), while for the ps one 

there are no spectral components at . 

== silica
offcet

silica
nl ωω 2

Hz.1015.3 12×

silica
nlω

silica
nlω

Hz102 13
100 ×=fsωΔ

silica
nlω

 
(a) 

 
(b) 

Figure 1. a) The vertical solid line denotes  
the nonlinear THz frequency shift in silica 

t
silica

nl  The spectral 
distance nl  is not within the spectrum of a 
ps pulse. Thus, the second (THz) term in the 
integral equation (3) can be neglected and the 
self-action term works only. b) The same 
nonlinear frequency shift in the case of the 
spectrally wider fs pulse lies near the spectral 
maximum. Thus, an initial separation of the 
third-order nonlinear term to self-action and 
THz generation term becomes possible. 

Hz.1015.32 12×== silica
offce

The second (THz) term in the integral 
equation (3) can be neglected for ns and ps 
pulses and for such long pulses the self-
action term works only. When the offset 
frequency is included, the nonlinear 
amplitude equation for ns and ps pulses 
can be transformed to: 

01 2
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t
B

v
B

gr

γ ,                    (4)  

where  is the nonlinear 
coefficient; for fs pulses, after neglecting 
two small perturbation terms the 
expression becomes:  
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The different form of the nonlinear part 
in equation (3) as compared to equation (4) 
is important. While equation (4), governing 
ns and ps pulse dynamics, admits an exact 
analytical solution with components 
propagating in forward and backward 
direction, equation (5) admits a soliton 
solution propagating in forward direction 
only. 

The analytical solution of equation (4) is: 

( ) rrhB ˆ/)ˆln(sec=  ,                                (6)  

where 2=γ , and the transformation  

22222 )/()(ˆ grgr vatvazyxr +−+++=  

is used. The solution separates the initial 
pulse into two maxima propagating in 
forward and backward direction with a 
group velocity vgr. The analytical solution 
of Eq. (5) is of the same kind, 

)~1/(1 2rC += , but with a new complex 
pseudo-spherical (de Sitter) radial vector  

ωω
ωsilica 22222 )/()(~

grgr viatviazyxr +−+++= . 

Thus, the fs solitons propagate in forward 
direction only. The factor a  accounts for 
the difference between the transverse and 
the longitudinal size of the pulse. The 
pulse assumes the shape of a light disk 
when 1510−≈a . 



Laboratory Fiber and Nonlinear Optics 
 
50 

 

 
 
Figure 2. Side (z,y) projection of the 
femtosecond disk soliton solution (6) at 
normalized distance z = vt =230. 

One interesting characteristic of these 
solutions is that after a certain period of 
time a pulse with  is self-compressed 
to a disk soliton with . 

1=a
1510−≈a

PUBLICATIONS 

1. Kovachev L M 2009 New mechanism 
for THz oscillation of the nonlinear 
refractive index in air: particle-like 
solutions J. Modern Optics 56/16 
1797-1803 

2. Serkin V N, Belyaeva T L, Khawaja U Al 
and Kovachev L M 2008 Soliton 
bullets of compressing Bose- Einstein 
condensates J. Nanosci. Moletron. 6/2 
1233-46 

3. 
 

Serkin V N, Belyaeva T L, Viligran E 
V, Morales L C, Kovachev L M, 
Pena R M and Gorro G H 2008 
Derivation de la ecuacion no lineal de 
Schrodinger para el modelo de DNA 
J. Nanosci. Moletron. 6/2 1263-72 

4. Serkin V N, Belyaeva T L, Hernandez C T, 
Kovachev L M, Pena R M, Morales L C 
and Gorro G H 2008 Posibilidad de 
generation de balas solitonicasen un 
laser atomico: Illuctration de analogia 
entre laser optica y laser atomico 
J. Nanosci. Moletron 6/2 1281–90 

5. Kovachev L M 2009 Group-phase 
velocity difference and THz 
oscillation of the nonlinear refractive 
index: particle-like solutions 1st Int. 
Conf. Appl. Mathematics in Techn. 
Natural Sci. (Sozopol, Bulgaria) AIP 
Proc. 1186 69-81 ISBN: 978-0-7354-0752-7 

6. Kovachev L M, Kovachev K L and  
Tunchev I 2009 Femtosecond pulses 
in air: linear and nonlinear regime Int. 
Conf. Ultrafast and Nonlinear Optics 
(Sept. 2009 Bourgas Bulgaria) 
Proc. SPIE 7501 75010E DOI: 
10.1117/12.849380 

7. Ivanov L M 2009 Non-linear optical 
method for measurement of fibre 
parameters Proc. Third Int. Sci. Conf. 
FMNS 2009 2116-20 

 
CONFERENCES 
 
1. Kovachev L M, 

Int. Conf. Ultrafast and Nonlinear 
Optics UFNO’09 (14-18 Sept. 2009, 
Bourgas, Bulgaria). 

2. Kovachev L M, 
Conf. on Applications of Mathematics 
in Technical and Natural Sciences 
(2009, Sozopol, Bulgaria). 

 
ONGOING RESEARCH PROJECTS 
 
Financed by the Bulgarian Science Fund 
 
1. F15/15 - Geometry and nonlinear 

dynamics. Application to 
electrodynamic and quantum systems 
(2006-2010). 

2. DVU01/0114 - Linear and nonlinear 
interaction of ultrashort optical pulses 
with submicron structures (2009). 

 
Financed by the Bulgarian Academy of 
Sciences 
 
1. Propagation of ultrashort optical 

pulses in media with non-stationary 
optical and magnetic response 
(2006-2009). 

 
LECTURE COURSES 
 
1. Fiber Optic Communication Systems; 

Optics; Electricity and Magnetism, 
South-Western University, Blagoevgrad, 
Bulgaria. 
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LABORATORY 

 
LASER RADARS 

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

 
TOTAL STAFF: 20 

RESEARCH SCIENTISTS: 14 
Assoc. Prof. I. 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.; N. Kolev, 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 
 

During 2009, the work of the Lidar 
Group using a Cu-Br-vapor laser consisted 
mainly in the submission of analyzed 
results of experiments for the common 
database of the EARLINET-ASOS project. 
The lidar investigations covered three 
categories of measurements, as follows: 

1. Regular climatological measurements 
– 47 measurements realized (33% of all 
the measurements of this type planned for 
2009); 21 of them were uploaded to the 
database, which represents 98 files with 
data for the atmospheric backscatter 
coefficient. 

2. Measurements within the 
CALIPSO-project – 27 measurements 
realized; all of them were uploaded to the 
database (68 data files). 

3. Lidar measurements when special 
events in the atmosphere were observed – 
transport of Sahara dust over the 
Mediterranean Sea to Europe – 22 
measurements realized all of which were 
uploaded to the database (91 files with the 
distribution in altitude of the atmospheric 
backscatter coefficient). 

(I. Grigorov and G. Kolarov) 

Lidar measurements in the atmosphere 
 

Regular weekly measurements were 
carried out using a ceilometer type     
CHM 15k (Jenoptic Laser, Optik, Systeme 
GmbH, Germany). The data were 
examined, analyzed and juxtaposed to the 
aerosol lidar data. The tropopause and     
C-clouds zones were determined. The 
surface ozone concentration data obtained 
in October of the past three years (2007, 
2008 and 2009) in Sofia and Plana regions 
were processed. The data from the 
complex experiment carried out in May 
2009 by means of an aerosol lidar, a 
ceilometer, a sun photometer, a laser 
particle counter and a meteorological 
station at the IE, the Astronomical 
Observatory (AO) and the Central 
Geophysical Station (CGS) - Plana were 
juxtaposed and analyzed. 

(E. Donev (Sofia University (SU)),    
Bo Wiman (Kalmar University, Sweden), 
D. Ivanov (SU), N. Kolev, Ts. Evgenieva 
and I. Kolev) 

The studies were continued during the 
spring-summer and the autumn-winter 
seasons of the different layers within the 
planetary boundary layer (PBL), namely, 
the stable layer (SL), the residual layer 
(RL) and the mixing layer ML). Their 
heights and different stages of formation in 
the cases of a “dry” and a “wet” 
convective boundary layer were 
determined. The results were compared 
with data calculated following the 
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Whiteman and McKee model. An 
investigation was carried out of the 
possibilities for determining the influence 
of the different radiative processes on     
the stages of mixing layer formation      
(by accounting for the influence of the 
atmospheric aerosol, atmospheric humidity 
and soil humidity). 

(N. Kolev, Pl. Savov (University of 
Mining and Geology (UMG)) and            
I. Kolev). 

 

In the beginning of May 2009, a 
ceilometer (CHM 15k, Jenoptic Laser, 
Optik, Systeme GmbH, Germany) was 
installed and put in operation in the region 
of AO, Borisova Gradina Park. The 
ceilometer characteristics allowed us to 
obtain data in the height range from 100 to 
15 000 m. The data were collect 
automatically for 24 hours and were 
examined and analyzed regularly. A 
comparison was performed between the 
aerosol lidar data (IE) and the ceilometer 
data (AO) obtained within the PBL height. 
The results show a delay of about             
1-1.5 hours in the ML development in the 
region of AO compared to the one in the 
region of IE, while the ML height is 100-
200 m higher in the region of AO than in 
the region of IE. 

Data obtained during the experimental 
campaign under an Indo-Bulgarian Project 
(01.10.2008-22.10.2008) were processed 
and presented at the XII Winter Seminar of 
Young Scientists and PhD Students, 
Vitosha, December 2009. The 
investigations by an aerosol lidar and a sun 
photometer of the atmospheric aerosol 
optical characteristics during the formation 
(development) of the planetary boundary 
layer were continued. The studies of the 
influence of the atmospheric PBL on the 
surface ozone concentration were also 
continued as the particular meteorological 
parameters in the regions of IE and AO 
were taken into account. 

(Ts. Evgenieva, V. Grigorieva,          
N. Kolev, E. Donev (SU), D. Ivanov (SU), 
I. Iliev (Solar-Terrestrial Interactions 
Laboratory (STIL)) and I. Kolev) 

The measurements were continued of 
the atmospheric aerosol optical 
characteristics at two experimental sites in 
Sofia, IE and AO, Borisova Gradina Park. 
Two periods were observed in the aerosol 
optical depth (AOD) behavior at 
λ = 500 nm. The first one is more dynamic 
and takes place after sunrise up to 10:30 
LST. In the second one, during the full 
development of the mixing layer, the AOD 
exhibits a more constant behavior. 

(Ts. Evgenieva, N. Kolev and I. Kolev) 
The measurements were continued of 

the influence of the height of the mixing 
layer (at two experimental sites in Sofia) 
on the surface ozone concentration. Three 
types of surface ozone concentration 
behavior were observed in the regions of 
IE, AO and CGS-Plana in dependence on 

the different temporal and spatial PBL 
development. 

(V. Grigorieva, N. Kolev,                   
B. Kaprielov, E. Donev (SU), D. Ivanov 
(SU), Pl. Savov (UMG) and I. Kolev) 

(E. Donev (SU), D. Ivanov (SU),       
N. Kolev and I. Kolev) 

The complex experiment carried out in 
May 2009 was an extension of the 
measurements during the campaign of 
autumn 2008 in the regions of IE-BAS, 
AO and CGS-Plana. A part of results 
obtained was processed, analyzed and 
prepared for a conference contribution. 
The results can be summarized as follows: 
the joint interpretation of the sun 
photometer, lidar and ceilometer data 
allowed us to assess the influence of the 
atmospheric aerosol in the planetary 
boundary layer and of the aerosol and high 
clouds in the whole tropospheric layer on 
the AOD values. In the case of a fully 
developed ML, i.e., when the ML reaches 
its maximum height, the surface ozone 
concentration in the region of AO 
approaches the values of the surface ozone 
concentration obtained in the regions of 
CGS-Plana and Kopitoto Station. 

The results of the lidar observations of 
the short-term (2-4s) and long-term (1h) 
dynamics of the  atmospheric layers over 
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the ridge and northeast slope of Vitosha 
Mountain near Sofia were reported and 
compared with the results of the same 
observations of layers over the 
surrounding plain and urban zones. The 
measurements were carried out at the 
wavelength of 1064 nm with a lidar range 
resolution of 15 m by using one of the 
aerosol channels of a combined Raman-
aerosol lidar based on a high-power 
Nd:YAG laser. Two cases of distinctly 
different weather conditions were studied. 
The area investigated located up to 12 km 
away from the lidar station was scanned 
repeatedly within the 7º-9º slope-angle 
range. Multiple series of lidar profiles 
were registered for an average time of      
2-4 s. The lidar signals were range 
corrected and processed statistically. The 
normalized standard deviation was used as 
a characteristic of the atmospheric 
dynamics. The spatial-temporal evolution 
of atmospheric density fluctuations was 
shown on color-map plots. Time-averaged 
profiles of the range-corrected lidar-signal 
standard deviation, as well as of the 
backscattering coefficient, were retrieved. 
Intensive air dynamics over the mountain 
was thus revealed, exceeding considerably 
the one over the plain zone. The results 
obtained show that Vitosha Mountain 
strongly affects the atmospheric density 
and stability over large areas. The 
characteristics of this dynamic behavior in 
the atmospheric domains investigated were 
followed successfully by means of the 
Raman-aerosol lidar, which demonstrated 
its capability of profiling the 
characteristics of the atmospheric 
dynamics at 1064 nm with high temporal 
and spatial resolution under conditions of 
relatively high daylight background. The 
results obtained are reported at the          
7th Balkan Physical Union Conference,    
9-13 Sept. 2009, Alexandroupolis, Greece. 

(Z. Peshev, A. Deleva, T. Dreischuh 
and D. Stoyanov) 

Analysis was carried out of the results 
of the surface ozone and boundary layer 
observations performed in the recent years 

at urban sites. It was found that 
- in the autumn, and when the 

meteorological conditions (solar radiation 
intensity, temperature) were similar, the 
surface ozone variations at all three sites 
showed similar behavior from year to year. 
It may be assumed that the concentration 
of the ozone precursors involved in the 
photochemical formation of anthropogenic 
ozone remained the same during the period 
in question. This fact may be used when 
the trend in the surface ozone 
concentration is investigated. 

- the maximal ozone concentrations 
values do not correlate with those of the 
solar radiation intensity that affect directly 
the photochemical ozone formation, but 
strongly correlate with the values of the 
temperature. Additional analysis is needed 
to obtain more detailed information about 
the processes that determine the ozone 
concentration. 

(V. Grigorieva) 
 
2. Experimental and theoretical research 

 
Theoretical and experimental work 

was conducted concerning the influence of 
the colossal magnetic resistance effect on 
the coefficient of modulated optical 
reflectance (MOR) in the case of 
La2/3Sr1/3MnO3 (LSMO) perovskite thin 
films. The experiments revealed that the 
MOR signal is proportional to the 
variations in the charge carrier 
concentration in the laser beam focus on 
the probe surface in accordance with 
Drude’s model. The MOR technique is 
viable in many applications, both for 
material characterization and for new 
device development. The results were 
published in two journal papers 
contributing to the study of the 
applicability of the MOR technique to 
LSMO perovskite manganese oxides. 

(V. Pencheva, S. Penchev and V. Naboko) 
A special optical system for            

non-invasive determination of small 
variations in the optical properties of 
homogeneous turbid ingredients embedded 
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into a large turbid medium was proposed 
and implemented experimentally. Results 
for the cases of different optical 
parameters of the two media were 
obtained. The minimum detectable 
changes in the optical properties of the 
ingredients were estimated to be less than 
5% with respect to the surrounding 
medium. It was shown that the output 
signals depend not only on the relative 
magnitude but also on the sign of the 
difference in the optical properties of the 
two media. The results could be used to 
develop techniques and algorithms for 
distinguishing different kinds of abnormal 
formations. The results were published in 
Acta Physica Polonica А. 

(I. Bliznakova, O. Vankov, T. Dreischuh, 
L. Avramov and D. Stoyanov) 

The propagation was investigated of a 
c.w. laser beam through homogeneous 
tissue-like turbid media, such as diluted 
emulsions of Intralipid or milk. The cross-
sectional radial distributions were 
experimentally determined of the detected 
forward-propagating light power at 
different depths along the beam axis in 
each medium of interest. The detected-
power spatial distribution was also 
described analytically by solving the 
radiative transfer equation for the case of 
sharply-forward-directed indicatrices. It 
was shown that the experimental results 
are consistent with the analytical 
expressions obtained over the 
corresponding ranges of validity of the 
latter. It was shown as well that the 
analytical expressions would allow one to 
estimate the extinction, reduced-scattering 
and absorption coefficients as well as the 
g-factor of the investigated media on the 
basis of the experimental data. The results 
were published in American Institute of 
Physics Conference Proceedings. 

(L. Gurdev, I. Bliznakova,            
T. Dreischuh, O. Vankov, D. Stoyanov,   
and L. Avramov)  

      

A novel optimal 3D algorithm was 
proposed for determining the pedestal of 
the electron temperature in thermonuclear 
plasma in the world-largest TOKAMAK 
JET in the UK. Based on this algorithm, 
original software was developed and used 
for processing a set of experimental data 
obtained by the JET Thomson Scattering 
Core LIDAR. A comparison was also 
conducted between the temperature 
pedestal profiles obtained by the newly 
proposed method and the analogous 
profiles obtained by other facilities, 
namely, the High Resolution Thomson 
Scattering Instrument (HRTS). The 
estimates of the electron temperature 

Rock and mineral samples with 
different surface structures were studied. 
Their thermal infrared directional 

reflectance was measured by means of a 
technique for bi-directional backscattering 
measurements developed in the IE. The 
results showed that most of the samples 
with a natural rough surface reflect 
diffusively (close to Lambertian) which 
makes them appropriate for spectral 
hemispherical emissivity measurements. 
Some rock samples were studied in their 
dry and wet condition to analyze the effect 
of water content on their infrared 
directional reflectance. For these 
measurements, samples with different 
moisture absorption and directional 
reflectance were selected. The results 
showed that rocks with diffusive reflection 
and higher water absorption in a wet 
condition scatter less energy with the same 
directional distribution. The wet samples 
with low water absorption and smooth 
surface have a significantly higher level of 
reflectance with a pronounced mirror-like 
character. These observations can be 
useful for the field of thermal remote 
sensing, when the viewing angle and the 
atmospheric conditions must be considered 
to calculate the true temperature of the 
terrestrial objects observed and to 
recognize them. 

(M. Danov) 
 
3. Lidar diagnostics of thermonuclear 
plasma 
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profiles obtained by the new algorithm 
using JET CORE LIDAR data are in very 
good agreement with those obtained on the 
basis of HRTS data. It was shown as well 
that the new method allows one to recover 
the entire electron temperature profile in 
TOKAMAK plasma, including the 
pedestal area. This is a very important 
result, because none of the diagnostics 
methods used so far is capable of 
measuring the entire electron temperature 
profile through the TOKAMAK plasma 
core. These results were obtained for the 
first time and were presented at a JET 
seminar. Based on them, and following a 
suggestion from our colleagues at JET, we 
substantiated a proposal for hardware 
modernization of the detector and ADC 
units in order to improve the information 
capability of the lidar diagnostics in 
thermonuclear plasma. 

(D. Stoyanov, T. Dreischuh and L. Gurdev) 
A detailed statistical computer 

modeling was conducted of the 
performance of two novel methods, 
recently developed by us, for determining 
the electron temperature profiles in fusion 
plasma by using a Thomson scattering 
(TS) lidar system. The methods are based 
on the unambiguous temperature 
dependence of the center-of-mass of the 
lidar-return spectrum and of the ratio of 
the signal powers of two spectral regions. 
The simulations performed were based on 
reproducing statistically realizations of the 
TS lidar return signal and the parasitic 
background plasma light under operating 
conditions close to those of the JET CORE 
LIDAR. The influence of the sensing laser 
pulse duration and the inertial units and the 
sources of fluctuations in the transceiving 
optical and electronic lidar system were 
also taken into account. The results 
obtained are consistent with the theoretical 
estimates and thus confirm the conclusion 
that the new approaches and the fitting one 
(used so far) have comparable efficiencies 
and can be used together for validating the 
results obtained for the electron 
temperature and for distinguishing real 

inhomogeneities in the recovered profiles 
from spurious ones due to statistical 
fluctuations. This conclusion is also in 
agreement with the JET data processing 
performed using both the center of mass 
wavelength (CMW) and the fitting 
approaches. Because of some practical 
advantages, such as simple, clear and 
stable measurement procedures, without 
any additional considerations about the 
weight and the variance of the 
experimental data and the goodness of the 
fit, the new approaches are suitable for 
express determination of temperature 
profiles in tokamak plasmas. The results 
were published in ECA Vol. 33E and 
American Institute of Physics Conference 
Proceedings. 

(T. Dreischuh, D. Stoyanov and L. Gurdev) 
A sufficiently full model was 

developed of the performance of the 
Thomson scattering LIDAR system for 
contactless diagnostics of fusion plasma. 
On the basis of this model, an approach 
was proposed and investigated for 
determining the system reference function 
with some tolerable tuning of reference 
function parameters during the 
deconvolution. The values obtained of the 
FWHM of our reference function agree 
well with the experimental estimates of the 
JET CORE Lidar resolution. As a result, 
the resolution was improved by 
approximately a factor of three, which 
allows a more detailed detection of the 
pedestal area. The results obtained were 
published in ECA Vol.33E. 

(D. Stoyanov, T. Dreischuh and L. Gurdev) 
 
3. Signal processing 
 

A new method was developed for 
determining the structure parameter of the 
refractive index of the medium in the 
measurement of atmospheric turbulence. 
To solve this task, an analysis was 
performed of the effects associated with 
the spatial-temporal changes registered in 
an optical-image signal passing through a 
turbulent environment. Studies of 
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fluctuations of the structure parameter of 
the refractive index of the atmosphere 
show their dependence on the intensity 
distribution of the registered image of the 
laser spot passing through a turbulent 
medium, but also from variations of its 
geometric dimensions and location in the 
plane of the receiver images. Based on the 
results of these studies, a new method was 
developed for determining the structure 
parameter of the atmosphere refractive 
index. The method makes use of the 
correlation between fluctuations of the 
coordinates of the cross-correlation 
maximum of spatial-temporal registrations 
of a laser beam passing through the 
turbulent medium in the plane of the 
receiver and the structural setting of the 
index of refraction of the atmosphere. 
Thus, by determining the average 
deviation of the coordinates of the 
maximum cross-correlation functions the 
structure parameter of refractive index of 
the atmosphere can be defined. 

(V. Mitev) 
Analysis was performed of the 

probability density function of the recorded 
intensity of laser radiation passing through a 
turbulent medium. A comparison was 
carried out between theoretical models and 
experimental data. The results show that in 
some cases the probability distribution 
function coincides with the logarithmic 
normal law, while in other cases a 
significant discrepancy is observed, although 
in both cases the variance of the intensity 
fluctuations of the recorded laser spot is less 
than unity. The results also show that in the 
case of large asymmetry, the model 
approximation of Ritov is not sufficiently 
precise. The analysis of the probability 
distribution function of the recorded 
intensity of laser radiation passing through a 
turbulent medium using a physical model 
proposed by de Wolff yielded a significantly 
better approximation. The results can be 
used to analyze the experimental results of 
studies on determining the atmospheric 
turbulence and to select methods for 

calculating the structure parameter of the 
refractive index of the medium. 

(V. Mitev) 
 
4. Lidar hardware & software 
 

Original software was developed on 
the basis of an original method proposed 
by us for determining the electron 
temperature pedestal profile in the world-
largest TOKAMAK JET in the UK. The 
development was in the framework of the 
Seventh Euratom Framework Program of 
the EU. The software was tested with 
experimental data from JET TS CORE 
LIDAR. The comparison conducted with 
another diagnostics instrument (HRTS) in 
JET showed a very good agreement of the 
measured profiles of the temperature 
pedestal. 

(D. Stoyanov) 
A special software analysis code was 

developed and tested for loading, 
calibration and processing of raw JET 
Thomson scattering core LIDAR data on 
the basis of the program language IDL. 

(T. Dreischuh) 
Software codes were developed for 

performing computer simulations and real 
data processing (with high resolution and 
implementation of deconvolution techniques) 
from the Thomson scattering lidar systems 
for contactless diagnostics of high-
temperature plasma in JET, Culham, UK. 

(T. Dreischuh) 
A non-contact, non-destructive 

measurement scheme was developed for 
magnetoeletric ferromagnetic and 
antiferromagnetic nanolayers making use 
of the effect of modulated optical 
reflectance (MOR). 

(S. Penchev, V. Naboko and V. Pencheva) 
A new driver for high-power CW laser 

diodes was developed, synchronized and 
quarter-wave pulse-modulated for laser 
photothermal non-destructive analysis. 

(S. Penchev, V. Naboko and V. Pencheva) 
A system was developed (including 

hardware and specialized software) with 
automated temperature control and thermal 
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stabilization for laser photothermal 
nondestructive analysis. 

(S. Penchev, V. Naboko and V. Pencheva) 
A microprocessor system was 

developed for thermostat operation and 
temperature modulation of the 
magnetoelectric probes investigated. 

(V. Naboko, S. Penchev, and V. Pencheva) 
A linear-analogue thermostat based on 

Peltier micro-coolers and an evacuated cell 
enabling remote operation and temperature 
control is under development. 

(V. Naboko, S. Penchev, and V. Pencheva) 
A dual-channel high-frequency buffer- 

transimpedance amplifier was developed 
for synchronization of low-impedance 
high-frequency digital storage devices and 
high-impedance signal sources. 

(V. Naboko, S. Penchev, and V. Pencheva) 
Explicit analysis was performed of a 

different standard interface (USB2) 
between the PC, the lidar and other signal-
registration systems concerning the 
hardware, the software and the 
technological specifications in order to 
match the high-speed input data with the 
real transmission speed of the lidar 
interface. 

(V. Naboko, S. Penchev, and V. Pencheva) 
An experimental set-up was developed 

for directional back-scattering 
measurement of surfaces in the thermal 
infrared band. 
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Vankov O, Protochristov C, 
Radar on single spontaneously emitted 
gamma-photons, 
Patent No 65770 B (2009) 

2. Stoyanov D, Gurdev L, Dreischuh T, 
Vankov O, Avramov L, Borisova E, 
Optical multichannel transceiving 
system, 
Patent No 65769 B (2009) 

 
 
CONFERENCES 
 
1. Pappalardo G, …., Grigorov I et al. 

The EARLINET contribution to the 
earthcare mission, EarthCARE2009 
Workshop, 15 July 2009. 

2. Wandinger U …., Grigorov I et al. 
Long-term aerosol and cloud database 
from space-borne lidar and ground-
based lidar network observations, 
EarthCARE2009 Workshop, 15 July 2009. 

3. Evgenieva Ts, Wiman Bo L B, Kolev N, 
Donev E, Savov P, Ivanov D, 
Danchovski V, Iliev I, Kaprielov B, 
Grigorieva V and Kolev I,  
Investigation of the aerosol optical 
characteristics in the planetary 
boundary layer over Sofia, Bulgaria 
by lidar, ceilometer and sun 
photometer, Web Conference 
Fundamental Space Research 2009, 
available online at  http://www.stil.bas.bg/.
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4. Grigorieva V, Evgenieva Ts, Kolev 

N, Donev E, Ivanov D and 
Danchovski V,  
Surface ozone and boundary layer 
observation in the region of Sofia, 
Web Conference Fundamental Space 
Research 2009, available online at 
http://www.stil.bas.bg/. 

5. Kolev N, Evgenieva Ts, Savov Pl and 
Kolev I, 
One year lidar measurements of the 
planetary boundary layer height in a 
mountain valley (Sofia, Bulgaria), 7th 
Int. Conf. on Air Quality – Sci. and 
Applic., 24-27 March, 2009, Istanbul, 
Turkey. 

6. Deleva A D, Avramov L A, Slesar A 
S and Denisov S V, 
Laser remote sensing of tropospheric 
aerosol fields with a combined 
Raman-aerosol lidar, ILLA/LTL 2009, 
Smolyan, Bulgaria, 18-22 Oct. 2009. 

7. Danov M et al. 
Effect of moisture content on 
directional reflectance of rocks in the 
thermal infrared band, Fifth Sci. Conf. 
Space, Ecology, Nanotechnol., Safety 
2–4 Nov. 2009, Sofia, Bulgaria. 

 
ONGOING RESEARCH PROJECTS 
 
Financed by the National Science Fund 
of the Republic of Bulgaria 
 
1. DОО2-112/08, National centre for 

biomedical photonics (in part for 
optical thomography). 

2. DО-224/2008, Novel magnetic and 
magnetoelectrical materials for the 
netxt generation electronic 
components. 

3. Ph-1020/09, Improving the resolution 
of Thomson scattering lidars by 
deconvolution-based algorithms. 

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

5. ES YS-1502/05 Investigation of 
emission and reflectance 
characteristics of mixed spectral 
classes of rocks and minerals. 

6. ТS–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. 

 
Financed by the Steering Council of the 
Bulgarian Academy of Sciences 
 
1. Raman lidar by Nd:YAG laser for 

remote sensing of atmospheric 
parameters. 

2. Remote determination of some 
statistical characteristics of non-
uniform media by image processing. 

3. Lidar Methods for determination of 
planetary boundary layer heights. 

4. Lidar tomography. 
5. Lidar monitoring of atmospheric 

gaseous components by powerful 
pulsed diode lasers. 

6. Ozone variations in the low 
atmosphere in different temporal 
scales. 

7 Lidar diagnostics of thermonuclear 
plasma by the Thomson scattering 
relativistic spectra.  

 

European projects 
 
1. European Aerosol Research Lidar 

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

2. Improving the resolution of Thomson 
scattering LIDARs by application of 
novel deconvolution–based algorithms, 
2.2. Plasma diagnostics, Task 2.2.2, 
FP7, Contract № FU07-CT-2007 -
00059/Fusion CSA/EURATOM 

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

http://www.stil.bas.bg/
http://www.earlinet.org/


Laboratory Laser Radars 
 
60 

 
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 № INT/Bulgaria). 

2. Optical, gamma and MW remote 
characterization of dynamic small-size 
submicron structured systems in life-
sciences and industry, 
University of Liege, Belgium. 

3. Advanced lidar technologies for 
tropospheric aerosol studies, 
Istituto di Metodologie per l’Analisi 
Ambientale, CNR, Italy. 

4. Lidar investigation of aerosol fields 
transformations in urban industrial 
zones, 
Institute of Physics, National 
Academy of Belarus, Minsk, Belarus. 
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LABORATORY 
 

MICROWAVE REMOTE SENSING 
 

HEAD: Assoc. Prof. O. Yordanov, 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. B. Vichev, 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 
carried out were a part of 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 
2008-2010. 

The low-cost X-band Dicke-type 
radiometer XRM (10.95 to 11.25 GHz), 
which was designed and implemented 
during the first year using a low-noise 
block-converter and a tuner for satellite 
TV receivers, was investigated in both 
laboratory and field conditions. The 
radiometer resolution and short-term 
instability were estimated. The frequency 
dependence of the radiometer calibration 
due to impedance mismatch was 
experimentally investigated. It is well 
known that well-matched front-end 
components must be used in order to 
minimize the impedance mismatch effects. 
However, this requirement leads to 
increased cost of the components and of 
the radiometer. When designing a low-cost 
radiometer a trade-off must be made 
between components cost and system 
performance. The experimental results 
obtained during the XRM testing [1] 
confirmed that the XRM could be used for 
remote sensing and  monitoring  of  natural  
objects and ecosystems. 

Joint experiments for passive 
microwave remote sensing of soil moisture 
and sea surface were carried out in 
Vietnam by Bulgarian and Vietnamese 
scientists in November 2009. Three 
microwave radiometers, namely the L-
band noise-injection radiometer LNIR (1.4 
GHz), the C-band total-power radiometer 
CRM (3.5 to 3.7 GHz) and the XRM were 
used for measuring the brightness 
temperature TB of the objects under 
investigation. The first experiment was 
carried out at Hoai Duc agro-
meteorological station (near Hanoi) for 
remote sensing of rough bare soil field. 
Supporting measurements of soil moisture, 
soil and air temperatures were also 
conducted. The second experiment was 
carried out in Do Son Sea (near Hai 
Phong). The angular dependence of the sea 
surface TB was measured from the deck of 
a small wooden ship. Supporting 
measurements of sea water salinity and 
temperature and wind speed were also 
conducted. The experimental radiometric 
data were processed and data analysis was 
carried out. 

B

 
2. Physics of electromagnetic interactions 
in layered media 

For the purposes of nanoscience and 
nanotechnology, the roughness-induced 
scattering and absorption were studied of 
electromagnetic radiation propagating in 
composite and stratified materials. The 
medium investigated consisted of one 
overlayer and a semi-infinite material 
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underneath. The boundary surface between 
the two media was considered as being 
rough. This rough surface was 
characterized and represented by the nth 
order probability density function of its 
elevations. The expressions of the 
roughness-induced electromagnetic field in 
the overlayer were derived. For this 
purpose, the Green’s functions of a 
stratified medium having anisotropic 
layers were also written. The same Green’s 
functions expressions can also be used for 
the purposes of environmental remote 
sensing, e.g., radar cross-sections study of 
soil covered by snow and/or vegetation. 
The effective dielectric constant of the 
composite materials studied was also 
investigated and calculated. 

Recently published tropospheric ducts 
statistics for the region of Bosporus was 
applied to the simulation of the path loss 
for the WCDMA FDD DL frequency 
band. The ducts statistics was used as an 
input to the parabolic equation method 
known to provide accurate path loss 
calculations in complex environments. 
Seasonal, monthly and day-time/night-
time variations of the path loss were 
obtained and discussed. This investigation 
was carried out in relation with the 
participation in Work Group 2 “Radio 
Channel” of COST Action 2100 - 
Pervasive Mobile & Ambient Wireless 
Communications. 
 
3. Emergent structures and collective 
behavior in extended and distributed 
chaotic systems 

The surface segregation properties of 
the Au40Pd60 alloy at equilibrium were 
modeled using Metropolis Monte-Carlo 
(MMC) importance sampling and the 
embedded atom method (EAM) in order to 
make a comparison with the results of a 
catalytic atom probe (CAP) experiment. 
Three surface orientations, {100}, {111}, 
and {110} were studied. Surface 
enrichment in Au was predicted in all 

cases, while no surface segregation was 
detected by CAP. This suggests that the 
temperatures of the clean surface 
segregation experiments are too low to 
reach equilibrium within times of the order 
of hours. 

A multi-range order parameter for 
binary alloys valid for both bulk materials 
and nanoparticles was considered. A 
difference between the two common 
definitions of short range order (SRO) 
arises when applied to small systems. 
Order/disorder transitions were studied 
both in Au–Pd fcc nanoparticles and in 
bulk materials. Short range order was 
found to be partially preserved by the 
transition while the long range order 
vanishes. The order of intermediate ranges 
was found to be particularly sensitive to 
the presence of anti-phase boundaries 
(APBs) in both bulk alloys and 
nanoparticles. 

Equilibrium properties of Au-Pd alloys 
in the cases of a bulk flat surface and 
clusters containing about 1000 atoms were 
extensively studied using MMC and EAM. 
Three ordered bulk phases around 
compositions of 25%, 50%, and 75% Pd 
were predicted to exist at low 
temperatures. The order-disorder transition 
temperatures predicted were in partial 
disagreement with the experimental results 
available, but were in good agreement with 
the ab initio calculations. Surface 
enrichment in Au was systematically 
predicted, accompanied by partial 
subsurface enrichment in Pd, best 
enhanced around the equiatomic overall 
composition. Ordered surface structures 
which are not induced by the order in the 
bulk were predicted at low temperatures. 
Clusters display similar segregation and 
ordering properties as flat infinite surfaces. 
However, the stability of the ordering at 
cluster surfaces could not be characterized 
globally. The disorder appears at the 
surface and proceeds toward the core as 
the temperature is increased. [5]. 
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4. Simple and extended chaotic systems 
in natural environments and man-
fabricated structures 

As a part of a scientific program to 
study chaos and synchronization 
phenomena in electronic circuits and their 
applications in telecommunication and 
signal processing, we started with 
analyzing Chua’s oscillator family. The 
simplest Chua’s circuit consists of an 
inductance, two capacitors and two 
resistors – one of them linear (used to tune 
the circuit), while the other one (the so 
called nonlinear resistor), has a symmetric 
negative-slope piecewise-linear V-I 
characteristics. The circuit behavior is 
governed by a well known set of three 
(quasi) linear ordinary differential 
equations. 

Our study included a qualitative 
analysis of the set of differential equations 
(stationary points, stability, conditions for 
excitation of chaotic oscillations) as well 
as numerical simulations (see the figure). 
Further on, electronic schemes to 
determine precisely the V-I characteristics 
of an unknown nonlinear resistor were 
developed and experiments on various 
types of Chua’s oscillators were 
performed. 

A new type of continuous random 
variables (r.v.) whose probability density 
functions (pdf) exist and are scale-
invariant in a wide range of argument 
values were introduced. The pdf was 
constructed from its characteristic 
functions (ch.f), )(qϕ , i. e.  in  the  Fourier  

 
 
 
 
 
 
 

 
 
 
 
 
 

domain, assuming that away from unity, 
)(qϕ  is a power-law function. The r.v. are 

not scale-free, a parameter 0q  controls the 
extent of the support of the characteristic 
function and at the same time provides a 
characteristic scale of the distribution. A 
computer code capable to compute the pdf 
for all relevant values of the parameters 
was created. These types of r.v. are 
expected to find wide application both in 
chaotic and complex phenomena and 
processes. 
 
 
PUBLICATIONS 
 
1. Vichev B I and Kostov K G 2009 

Low-budget X-band microwave 
radiometer for remote sensing 
investigations News Bulgarian Acad. 
Sci. 7/6 3-4 

2. Sirkova I. 2009 Path loss calculation 
for duct statistics over Istanbul 
COST 2100 7th MCM (Feb. 2009, 
Braunschweig, Germany) 
http://www.cost2100.org 

3. Sirkova I 2009 Path loss calculation 
for a surface duct statistics Proc. XLIV 
ICEST (June 2009 V. Tarnovo, 
Bulgaria) 1 53-6 

4. de Bocarmé T V, Moors M, Kruse N, 
Atanasov I S, Hou M, Cerezo A and 
Smith G D W 2009 Surface 
segregation of Au-Pd alloys in UHV 
and reactive environments: 
quantification by Catalytic Atom 
Probe Ultramicroscopy 109 619-24 
ISSN: 0304-3991 

5. Atanasov I S and Hou M 2009 
A multi-range order parameter for binary 
alloy bulk materials and nanoparticles 
Eur. Phys. J. B 52 51-4 ISSN: 1434-6060

6. Atanasov I S and Hou M Equilibrium 
ordering properties of Au-Pd alloys 
and nanoalloys Surf. Sci. 603 2639-51 
ISSN: 0039-6028 
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7. Yordanov O, Atanassov V, Mladenov L 

and Sirkova I 2009 Electronic and 
optical chaotic oscillators for 
communication and information 
technologies COST 2100 7th MCM 
(Feb. 2009 Braunschweig Germany) 
http://www.cost2100.org 

8. Yordanov O I 2009 A class of 
asymptotically scale-invariant random 
variables Proc. First Annual Metting 
of COST Action MP0801 (May 2009 
Rome Italy) pp 39-40 

 
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. 
 
Co-financing of COST Action MP0801, 
Physics of Competition and Conflicts. 
 
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, 
4th MCM of Action 2100 of European 
program COST, Wroclaw, Poland. 
I. Sirkova, 
Independent projects reviewer of IST 
Program, Brussels, Belgium. 
O. Yordanov, 
First Annual Meeting, European COST 
Action MP0801, Physics of competition 
and conflicts, Rome, Italy. 
O. Yordanov, 
African University of Science and 
Technology, Abuja, Nigeria. 
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. I. Nedkov, Dr.Sc. 
 

TOTAL STAFF: 9 
RESEARCH SCIENTISTS: 6 

Assoc. Prof. T. Koutzarova, Ph.D.; Assoc. Prof. K.G. Grigorov, Ph.D.; 
S. Kolev, Ph.D.; Ch. Ghelev; T. Merodiiska; L. Slavov. 

Ph.D. student: P. Lukanov 
 
RESEARCH ACTIVITIES 
 

During 2009, the research in the 
laboratory was mainly focused on 
spherical nanosized magnetic oxide 
materials having more than one crystal 
sublattice. A technology was patented for 
preparation of nanosized monodomain 
particles. Our research showed that their 
surface is characterized by a defective 
spinel structure with octahedral vacancies, 
with the thickness of this layer being about 
3 nm. We reported that this strongly 
defective surface layer can be considered 
as being a superstructure, or a second 
magnetic phase, which influences strongly 
the magnetic properties of the spherical 
particle. 

The relationship was clarified between 
the structural modifications and the 
magnetic properties of the monodomain 
particle, and the possibility was discussed 
of using such particles for preparation of 
ferrofluids with potential medical 
applications, such as tumor treatment by 
hyperthermia, or NMR contrast agents. 
Experiments were carried out in view of 
determining the “superparamagnetic limit” 
in electronic hybrid structures. 

Under a joint international research 
project with Jozef Stefan Institute, 
Ljubljana, Slovenia, financed by the 
Ministry of Education, Youth and Science, 
a technology was developed allowing the 
deposition of high-coercivity thin 
BaFe12O19 films. 

Figure 1 shows a typical hysteresis 
curve of these films and illustrates their 
high squareness coefficient and high 
homogeneity (the inset). Such films are 

suitable for the fabrication of switching 
MW devices in the mm-range and as high-
stability magnetic recording media. 
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Figure 1. Hysteresis loop of an oriented 
BaFe12O19 film. 
 
PUBLICATIONS 
 
1. Nedkov I, Vandenberghe R E and 

Tailhades Ph 2009 Chapter 6: 
Nanostructured magnetite for 
biomedical applications 
Nanomedicine Design of Particles, 
Sensors, Motors, Implants, Robots, 
and Devices eds M Shulz, V Shanov 
and Yeo Heung Yun, (Artech House 
Publisher USA) 

2. Koutzarova T, Kolev S, Ghelev Ch, 
Grigorov K and Nedkov I 2009 
Chapter 10: Structural and magnetic 
properties and preparation techniques 
of nanosized M-type hexaferrite 
powders Advances in Nanoscale 
Magnetism eds B Aktas and F Mikailov 
Springer Proc. in Phys. 122 183-203 
(Springer Berlin Heidelberg) 
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3. Koutzarova T, Kolev S, Grigorov K, 
Ghelev Ch, Zaleski A, 
Vandenberghe R E, Ausloos M, 
Henrist C, Cloots R and Nedkov I, 
2010 Structural and magnetic 
properties of nanosized barium 
hexaferrite powders obtained by 
microemulsion technique Solid State 
Phen. 159 57-62 

4. Ivanova T, Harizanova A, 
Koutzarova T, Krins N and 
Vertruyen B 2009 Electrochromic 
TiO2, ZrO2 and TiO2–ZrO2 thin films 
by dip-coating method Materials Sci. 
Engin. B 165 212–6 

5. Rs`mdu` @+ Rsnx`mnu`,Hu`mnu` @+ 
Sdqyhdu` R+ Rgntl`qnu I+ Fqhfnqnu 
J+ Y`kdrjh @+ Lhjkh U+ @mfdknu Bg 
`mc Chlhsqhdu X 1//8 ARBBN 
bdq`lhbr cnodc vhsg edqqnl`fmdshb 
l`mf`mhsd og`rdr I- Nosndkdbsq- 
@cu- L`sdq-   11 0430–33 

6. Pessoa R S, Grigorov K G, Maciel H S, 
Fraga M A, Massi M and Petraconi G 
2009 Morphology study of reactive 
ion etched silicon and silicon 
carbide thin films. Planarization 
effect and nano-tip structure 
formation Surface Engin. DOI: 
10.1179/026708410X12459349719891 

7. Oliveira Junior M S, Mello S A C, 
Grigorov K, Massi M, da Silva 
Sobrinho A S, Maciel H S and 
Dutra J C N 2009 Surface 
modification of EPDM rubber 
by microwave excited plasmas 
Surfac Engin DOI: 
10.1180/026708410X12459349719896 

8. Duarte D A, Massi M, da Silva 
Sobrinho A S, Maciel H S and 
Grigorov K 2010 Titanium dioxide 
thin films deposition by direct 
current hollow cathode magnetron 
sputtering, Eur. Phys. J.: Appl. Phys. 49 1307 

9. Lamprecht C, Danzberger J, Lukanov P, 
Tılmaciu C-M, Galibert A-M, Soula B, 
Flahaut E, Gruber H J, Hinterdorfe P, 
Ebner A and Kienberger F 2009 
AFM imaging of functionalized 
double-walled carbon nanotubes 
Ultramicroscopy 109 899–906 

10. Tılmaciu C-M, Soula B, Galibert A-M, 
Lukanov P, Datas L, Gonzalez J, 
Barquın L F, Fernandez J R, 
Gonzaez-Jimenez F, Jorgee J and 
Flahaut E 2009 Synthesis of 
superparamagnetic iron(III) oxide 
nanowires in double-walled carbon 
nanotubes Chem. Commun. 43 6664–6 

11. Visokov G and Nedkov I 2009 
Development of nanotechnologies 
BAS J. 4 

12. Kashchieva E, Dimitriev Y, Ivanova V 
and Merodiiska T 2009 Composite 
materials based on immiscible borate 
glass and iron spinel nanoparticles 
Glass Technology-European J. Glass 
Sci. Technol. A 50 285-7 

13. Guerassimov N and Ghelev C (Eds), 
2009 Institute of Electronics Annual 
Report 2008 Sofia Bulgaria 

 
PATENT 

 
Nedkov I and Merodiiska T 2009 
Patent № 65609 Method for preparation 
of nanosized ferrite particles. 

 
ONGOING RESEARCH PROJECTS 
 
Financed by the National Science Fund 
 
1. Project DO 02-224/2008 New 

magnetic and magneto-electric 
materials for the new generation of 
electronic elements. 

2. Project DO 02-99/2008 Thick ferrite 
films preparation by deposition in a 
magnetic field. 

3. Project DO 02-343/2008 Oriented 
BaFe12O19 layers for microwave 
elements. 

 
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). 
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COLLABORATIONS 
 
1. Nanostructured ferroxide powders for 

biomagnetic applications, 
University of Gent, Gent, Belgium. 

2. Optical and microwave remote 
characterization of dynamic small-size 
submicron-structured systems in life 
sciences and industry, 
University of Liege, Liege, Belgium. 

3. 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. 

4. Magnetic Structural and Microwave 
properties of new thin films composite 
materials, 
Instituto Tecnologico de Aeronautica 
(ITA), Brazil. 

 
LABORATORY VISITS 
 
1. I. Nedkov - University of Gent, 

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

2. K. Grigorov – Instituto Tecnologico 
de Aeronautica (ITA), Brazil, 
“Magnetic structural and microwave 
properties of new thin films composite 
materials”, 12 months. 

3. 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. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

4. T. Koutzarova – Jozef Stefan Institute, 
Ljubljana, Slovenia, DO 02-99 
“Preparation of thick ferrite coatings by 
deposition in magnetic field”, 7 days. 

5. S. Kolev - Jozef Stefan Institute, 
Ljubljana, Slovenia, DO 02-99 
“Preparation of thick ferrite coatings by 
deposition in magnetic field”, 1 month. 

6. S. Kolev - Josef Stefan Institute, 
Ljubljana, Slovenia, DO 02-343 
“Oriented BaFe12O19 layers for 
mocrowave elements”, 8 months. 

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

 
GUESTS 
 
1. 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. 

2. Prof. Darko Makovec, Jozef Stefan 
Institute, Ljubljana, Slovenia, 3 days, 
DO 02-99 “Preparation of thick ferrite 
coatings by deposition in magnetic 
field”. 

3. Assist. Prof. Darja Lisjak, Jozef Stefan 
Institute, Ljubljana, Slovenia, 3 days, 
DO 02-99 “Preparation of thick ferrite 
coatings by deposition in magnetic 
field”. 

4. Simona Ovtar, PhD-student, Jozef 
Stefan Institute, Ljubljana, Slovenia, 3 
days, DO 02-99 “Preparation of thick 
ferrite coatings by deposition in 
magnetic field”. 
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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. 
 
RESEARCH ACTIVITIES 
 
1. Wide-band chaotic oscillator design 

Research during the past decade has 
demonstrated that the dynamic chaos 
concept, thanks to its characteristics, can 
be successfully applied in the design of 
modern wide-band communication and 
radar systems. Some of these 
characteristics are: inherently wide-band 
spectrum generated; a large variety of 
chaotic modes and possibilities for control; 
self-synchronization of the transmitter and 
the receiver; various techniques for 
introducing information into the chaotic 
signal, ensured confidentiality of the 
information.  

We proposed an approach to the design 
of a compact-size wide-band oscillator 
generating a chaotic signal in the MW 
range (1-10 GHz) and demonstrated its 
practical implementation. The basic idea 
behind the approach consists in creating a 
time-delay feedback between the gate and 
the drain of the transistor of a varactor-
tuned (7-9 GHz) harmonic signal 
oscillator. Based on the non-linear model 
of the transistor (MGF 1404), a simulation 
was performed of the spectrum of the 
signal generated and the conditions were 
determined (Hopf bifurcations) where 
chaotic oscillations arise. The influence 
was studied of the structure’s components 
on the frequency spectrum of the signal 
generated. We showed that in systems with 
a degree of freedom exceeding 1.5 the 
dynamics of the chaotic signal generated is 
more complicated and the signal’s spectral 
density is higher. 

The oscillator is implemented fully on 
the basis of microstrips. The frequency 
spectrum dynamics is controlled by 
varying the length of the microstrip 
transmission line (the time-delay) in the 
feedback and the varactor’s voltage, both 
of which allow to re-tune easily the 
oscillator from a stable state to periodic, 
multifrequency and chaotic dynamics. The 
experimental results are in good agreement 
with the simulation data concerning the 
oscillation frequencies and the bifurcation 
limits. The design proposed of a chaotic 
signal oscillator is more compact and 
easier to tune in the different dynamic 
chaos modes than the chaotic oscillators 
described in the literature, which are based 
on an amplifier with a time-delay 
transmission line between the input and 
the output. 

 
2. Low-noise transistor amplifier with 
electronic protection 

Under a public procurement contract 
with the Ministry of Defense for 
modernization of the receiving tract of 
radar stations, a low-noise transistor was 
developed with electronic protection at the 
input. The device consists of a three-stage 
amplifier with gain greater than 26 dB, 
gain flatness less than ±1 dB and noise 
figure less than 1.2 dB. The electronic 
protection is implemented by using 
limiting PIN diodes which protect the 
amplifier from both the power of the 
transmitter and interference from other 
stations. In view of increasing the 
protection response time, a circuit is 
designed and implemented for  preliminary  
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switching the diodes in conduction state. 

The device developed is a modern 
solution of the problem for increasing the 
station’s sensitivity and, therefore, its 
range. The device is characterized by 
considerably smaller size and power 
consumption, combined with a much 
longer life, in comparison with the 
expensive imported traveling-wave tubes. 

 
3. Method for nondestructive testing of 
the film coating behavior of surface 
acoustic wave (SAW) sensors 

A practical nondestructive method is 
proposed for studying the film coating 
behavior of SAW devices by using a water 
soluble dielectric film (manitol) deposited on 
the SAW device surface in a resistive 
evaporation process. After measuring the 
electrical parameters of the film coated SAW 
device, the film can easily be removed from its 
surface by water rinsing without causing any 
damage to it. After that, the SAW device can 
be used over and over again in a large number 
of film depositions. The method was tested 
with a 1 GHz surface transverse wave (STW) 
resonator coated with different manitol 
thicknesses. After each coating and evaluation, 
the STW device was successfully recovered 
without significant performance degradation. 
Data on the electrical changes of the STW 
device as a result of manitol coating at various 
thicknesses are studied. 

Surface acoustic wave (SAW) devices 
coated with thin chemosensitive polymer films 
are widely used as sensors for detection of 
small amounts of various chemical gasses in 
the ambient atmosphere, as well as for 
studying properties of liquids. The most 
important part of the SAW sensor design is the 
optimization of the polymer film thickness on 
the device surface for maximum frequency 
sensitivity and sensor dynamic range. The 
practical film thickness optimization is a 
tedious and expensive process since it requires 
a large number of SAW devices which become 
unusable after each film deposition. To reduce 
the number of SAW devices used in the 
thickness optimization process we proposed a 
new practical method for studying the film 
coating behavior of SAW devices. Instead of 
depositing solid dielectric films like Parylene 
C which eventually causes destruction of the 

tested device, we use a water soluble dielectric 
film (manitol) which is deposited on the SAW 
device surface in a resistive evaporation 
process. After the study, the manitol film can 
easily be removed from the substrate surface 
by water rinsing thus completely recovering 
the SAW device without performance 
degradation. 

Our experiments show that manitol, due to 
its water solubility, seems to be appropriate for 
mass sensitivity studies on SAW based 
resonant sensors without wasting too many 
test devices. Typically, this material is used as 
a low adhesion separation layer in precise 
copying of fine optical surface profiles. In our 
opinion, however, it could also be successfully 
used in initial experiments on SAW based 
microbalances which we expect to be much 
more sensitive than QMB, as well as studying 
nonlinear slip effects at the interface between 
the SAW device surface and low-adhesion 
layers. We plan future research in this field. 
 
4. High-quality conversion of electric 
energy by means of power electronic 
converters 

Theoretical models are developed of 
the current consumed from a three-phase 
A.C. chopper by D-connected gate turn-off 
thyristors (power transistors) and an active 
load with PWM from points π  and 2π /3 
with two pulses for a half-period of phase 
voltage and different control methods as 
well and PWM with combine phase and 
back phase control. The factors (power 
factor, amplitudes of the first and the more 
significant higher harmonics etc.) defining 
their power efficiency in full control range 
are calculated in a form convenient for 
engineering design. 

The comparative analysis of estimated 
with known results shows as a advantages 
,as and a disadvantages of each of 
investigated model namely higher power 
factor of method with combine phase 
control, displacement factor, equal to unity 
in all control range for methods with PWM 
from points π  and 2π /3 with two pulses 
for a half-period of phase voltage and 
other. The introducing of these models into 
the practice makes better power efficiency 
of investigated three phase alternating 
choppers and is a base of optimizing 
research in this field. 
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ONGOING RESEARCH PROJECTS 
 
Financed by the Ministry of Defense 
 
Low noise transistor amplifiers with 
electronic protection.
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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. Nanolaminated TiN/W2N hard 
multilayer coatings 
 

Multilayer coatings, consisting of 
successively deposited thin films of 
nanometric thickness of homologous 
compounds of transition metal are 
characterized generally with better 
mechanical properties compared to those 
of single film coatings from the respective 
compound. Such type monolayer coatings, 
termed as nanolaminated structures (or 
super - lattices) are often formed on the 
basis of transition metal nitrides, 
characterized on their own with good 
mechanical properties (hardness, ware- 
resistance). A generally accepted physical 
model for explanation of this effect is the 
blocking of dislocations in the interfaces 
of single layers. The thickness of the 
interfaces usually increases due to the 
effect of interdiffusion of the elements 
involved. For forming coatings of high 
quality it is necessary to suppress the 
interdiffusion processes which can be 
achieved through decreasing the growth 
temperature and to some extend the 
thickness of a single layers. The activities 
on this topic are continuation of the work 
of a previous stage related to optimization 
of deposition of TiN/W2N thin films, 
investigation of their characteristics, 
mechanical properties and adhesion. This 
work is in the frame of a research project 
“Physical characteristics and mechanical 

properties of monolayer nanostructures of 
complex nitrides of transition metals”, 
funded by The National Science Fund of 
Bulgaria. 

Nanolaminated TiN/W2N multilayer 
structures were synthesized by alternative 
deposition of TiN и W2N thin films using 
DC magnetron sputtering. The deposition 
is preceded by a process of ion treatment 
of the substrate surfaces in argon gas 
discharge at high pressure for enhancing of 
coating adhesion to substrates of different 
types (tool steal, hard-alloyed materials). 
The deposition was performed in a process 
gas mixture of nitrogen and argon in 
different ratio for the two types of films. 
Special attention was paid for the 
decreasing of the deposition temperatures, 
suitable for the synthesis of polycrystalline 
TiN и W2N with desired phase. The 
thickness of the films was significantly 
decreased to about 6 -6.5 nm. 20 pairs of 
TiN и W2N films were grown for analysis 
and characterization. 105 pairs (2х105 
TiN/W2N NLMLS) of the same films were 
synthesized for the investigation of their 
mechanical properties. 

The structure characteristics were 
analyzed by transmission electron 
microscopy (TEM) and cross-section 
scanning electron microscopy (CSSEM) 
with very high resolution. The results 
show that the growth of the structures in 
initial stages is smooth, uniform and 
homogenous. Further, a small deviation 
from the planarity is observed as a result 
of stress, accumulated by defects 
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presumably generated in the interface 
zones. For the complex characterization of 
the structures some investigations and 
analysis are foreseen: Rutherford Back 
Scattering (RBS) and X-ray Diffraction 
(XRD). 

Mechanical properties of 2х105 
TiN/W2N NLMLS were investigated by 
nanotester FISHERSCOPE H100: 
hardness, Young’s modulus, energy of 
plastic deformation, etc. The results show 
that these structures possess extremely 
high hardness, 50-60 GPa, comparable 
with the best examples of super lattices 
based on transition metal nitrides. The 
adhesion was tested qualitatively by 
Rockwell-C Indent Test and was evaluated 
as acceptable. Wear resistance was tested 
by the so called “KALO - Test” (erase of 
film with a rotating metal sphere). The 
morphology was observed by a 
metallographic microscope “Minicon 
Optiphot”. 
 
2. Technology for coating deposition of 
Cr-Ni alloy and Ti on hard polymers 
 

Technology for coating deposition of 
Cr-Ni alloy and Ti on hard shock 
resistance polymers was developed. The 
aim is to improve their exploitation 
characteristics of those materials. The 
pretreatment processes, mechanical and 
chemical cleaning, were applied and their 
influence on the adhesion was tested. 
Other process parameters, electric 
parameters of the magnetron discharge, 
argon gas pressure and ion etching 
duration, were varied and their impact on 
the adhesion was observed. The Vicker’s 
microhardness (HV) for different 
combinations of the film-substrate pairs 
was measured. The values from 50 to 150 
MPa were measured which is about 20% 
higher than uncoated polymers. 

CONFERENCES 
 
I. N. Martev, D. A. Dechev, N. P. Ivanov, 
Ts. D. Uzunov and E. P. Kashchieva, 
Nanolaminated TiN/Mo2N hard multilayer 
coatings, 
Sixteenth Int. Summer School on Vacuum 
Electronic and Ion Technologies 28 Sept.-
02 Oct. 2009, Sunny Beach, Bulgaria. 
 
 
ONGOING RESEARCH PROJECTS 
 
Financed by the National Science Fund 
of Bulgaria 
 
F–1514 Physical characteristics and 
mechanical properties of multilayer 
nanostructures of complex nitrides of 
transition metals. 
 
Financed by Bulgarian Academy of 
Sciences 
 
Interaction of neutrals and ions with solid 
surfaces. 
Exploitation characteristics of metal-
nitride coatings obtained in vacuum. 
 
Financed by Technical University, Sofia 
 
No 952 NI-16/2006 Computerized module 
for sheet resistance measurements of thin 
films. 
 
COLLABORATIONS 
 
Deposition and investigation of 
mechanical properties of nanostructured 
multilayer systems of transition metal 
nitrides, 
Nanotechnology Centre for PVD 
Research, Materials and Engineering 
Research Institute, Sheffield Hallam 
University, UK.

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     SELECTED PROJECTS 
 
          ● 
 
 

Plasmon and optical properties of metal 
nanoparticles and their application in 
biophotonics 

          ● Frequency reference based on Cesium-vapor 
layer with micrometric thickness 

          ● Deconvolution of JET CORE LIDAR data and 
pedestal detection in retrieved electron 
temperature and density profiles 

          ● EC-Project EARLINET-ASOS 

          ● Development of interdisciplinary thinking and 
training of young scientists working in the field 
of light-matter interactions 
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PLASMON AND OPTICAL PROPERTIES OF METAL NANOPARTICLES    

AND THEIR APPLICATION IN BIOPHOTONICS 
 
 
Project DO 02-293 with the National Science Fund at the Ministry of Education, Youth and Science.  

 
Duration: 36 months 
Start: Feb. 2009 
Project leader: N. Nedyalkov, PhD 
Research team from IE: Staff of Gas Lasers and Laser Technologies Laboratory 

 
 
1. Project summary and main goals 
 

Objects of investigations 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 zone in the vicinity of these 
structures, and their plasmon properties. 

The main scientific goals of the 
proposed project can be summarized as: 

- 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 parameters of the 
particles, the nanostructured objects, the 
environment and the incident irradiation 
on their optical properties. 

- study of the properties of the 
electromagnetic field 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 parameters of the 
nanoobjects, the environment and the 
incident irradiation. 

- development of method for 
fabrication of metal nanoparticles and 
nanostructures based on laser ablation; 

 - application of the unique properties 
of noble metal nanoparticles to precise 
molecular analysis and biophotonics; in 
vitro experiments on tumor cells lines 
(human and murine) to estimate potential 
toxic effects of nanoparticles; in vitro 

experiment with normal cells to estimate 
the immune reaction to the gold 
nanoparticles; in vivo treatment by means 
of photothermal effect mediated by gold 
nanoparticles of tumors induced in 
animals. 
 
 
2. Main results 
 

The research activities during the 
period reported were focused on the 
adequate description of the optical 
properties of metal nanoparticles and the 
heating process when they interact with 
laser pulses. Two types of interactions 
were investigated, namely, with ultrashort 
laser pulses and with laser pulses of 
nanosecond duration. The aim of this study 
was to define the optimal conditions for 
particle heating and estimate the efficiency 
of applying metal nanoparticles to the 
photothermal therapy of tumor cells. In 
addition, the properties of the near 
electromagnetic field were studied on the 
basis of the theoretical and experimental 
data obtained. 

In order to describe adequately a 
nanoparticle’s heating process, its optical 
parameters should be obtained. In this 
study the absorption cross-section is 
obtained on the basis of Mie scattering 
theory using the following equations: 
 
Cabs = Cext. - Csca,                                    (1)  
 
where Cext. and Csca are the extinction and 
scattering cross sections given by [1]: 
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Here, λ is the wavelength of the incident 
irradiation, εm is the dielectric function of 
the surrounding medium, a = (2πRεm

1/2)/λ, 
R is the particle radius, and Al and Bl are 
the electric and magnetic partial oscillation 
coefficients. 

The temperature evolution of the 
particle during and after the interaction 
with an ultrahsort laser pulse is traced by 
the one-dimensional two-temperature 
diffusion model: 
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Here, Te and Ti are the electron and lattice 
temperatures, S and I are the laser energy 
source and laser intensity (time 
dependent), respectively. Vp = 4/3πR3 is 
the particle volume. Ci, Ce, and γ are the 
lattice and electron systems heat 
capacities, and the electron-lattice 
coupling constant, respectively. In the 
present model the spatial characteristics of 
the particle heating are neglected and the 
heating is assumed to be homogeneous. 

The coupled equations (4)-(6) are 
solved using a classical finite-difference 
scheme and by taking into account the 
temperature dependence of the electron 
heat capacity according to the formula    
Ce = AeTe, where Ae = 70 J/m3K2, and the 
temperature dependence of Ci [2]. The 
electron heat conductivity of gold is 
assumed to be constant, with the value of 
2×103 W/mK used as the average obtained 
from the expression ke = keo(Te/Ti) in the 
electron temperature range from 300 K to 
9000 K, and keo = 318 W/mK [3]. The 
lattice heat conductivity of gold ki is      

318 W/mK. The value of the coupling 
constant, γ = 3.1016 W/m3K is taken from 
reference. [3]. 

In order to study the near-field 
properties around the irradiated 
nanoparticles, the finite-difference time-
domain (FDTD) simulation technique [4] 
was applied. The method is based on a 
numerical solution of the Maxwell’s 
equations and can be used to obtain 
adequate picture of the electromagnetic 
field properties in the near and far field 
zone around the structures with arbitrary 
shapes. The simulation system consists of 
a gold nanoparticle or a 2D nanoparticle 
array placed on different substrates. 
Absorbing boundary conditions are 
applied on the boundary of the simulation 
cell. For the simulations of a nanoparticle, 
arrays with a hexagonal arrangement of 
the particles are assumed because this 
arrangement is predominantly obtained by 
the widely-used chemical methods 
deposition for. Simulations with circular 
and linear polarization of the incident 
irradiation are performed. The electric-
field strength of the incident wave is set at 
1 V/m. 
 
2.1. Experimental setup 
 

The spherical gold particles used in the 
experiments reported had diameters of 40, 
80, 100 and 200 nm, with a standard 
diameter deviation of less than 8% 
(BBInternational Corp.). The particles 
were deposited as a colloid on polished 
silicon and PMMA substrates by spin-
coating. Under these conditions the entire 
surface of the substrates was covered by 
randomly distributed gold particles. The 
roughness of the substrates (without 
particle deposition) was in the order of few 
nanometers. The samples were irradiated 
by laser pulses delivered by a Ti: sapphire 
chirped pulse amplification system that 
produced pulses with energy of 1 mJ at a 
repetition rate of 1 kHz and center 
wavelength of 800 nm. The laser pulse 
duration used was 100 fs FWHM. The 
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laser radiation was incident normally to 
the substrate surface and was focused by a 
lens with a focal length of 200 mm. The 
pulse energy was adjusted by a variable 
attenuator. The experiments were 
performed in air, on a single shot basis, 
with linear and circular polarization of the 
incident irradiation i. The irradiated 
samples were analyzed by SEM and AFM. 
The substrate surface was not chemically 
cleaned after the laser irradiation. 
 
 
2.2. Gold nanoparticles as nanoheaters 
 

Figure 1 presents the absorption cross-
section spectra of single gold nanoparticles 
with radius of 20, 40 and 100 nm 
calculated by equations (1) - (3). The 
clearly expressed peaks in the absorption 
cross-sections are related to the plasmon 
excitation in the nanoparticles. The 

maximal values are observed in the range 
of about 525 to 550 nm for particles with 
radius R = 20 and 100 nm, respectively. 
The values of the absorption cross-sections 
at wavelength of 800 nm are about two 
orders of magnitude lower than the 
optimal ones for particles with R = 40 and 
80 nm. Although the increase of the 
particle dimensions results in a broadening 
of the plasmon absorption band and a shift 
of the maxima to the longer wavelengths, 
the value of the cross-section for particle 
with radius of 100 nm is about 5 times 
lower than the peak value. Using the 
absorption cross-sections calculated, the 
temperature of the particles is obtained 
using the two-temperature diffusion 
model. The values of the maximal 
temperature reached in the nanoparticles 
when they are irradiated by a 100 fs laser 
pulse as a function of the incident laser 
fluence are shown in figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Absorption cross-section of gold 
nanoparticles with different diameters. 

  
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Maximal temperature of gold 
nanoparticles achieved after interaction with 
laser pulse with duration of 100 fs at 
wavelength of 800 nm. The data are 
calculated using equations (4-6). 
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It should be noted that for biophotonics 

applications, such as cell-membrane 
modification and when the irreversible cell 
modification is based on bubble formation 
(as in, e.g., tumor cell killing) the 
necessary temperature increase should be 
at least 170 K [5, 6]. When ultrashort laser 
pulses are used, such heating is realized in 
nearly isochoric conditions which will 
result in the development of significant 

tensile stress in the vicinity of the heating 
point. This will lead to the formation of a 
cavitation bubble without the need of heat 
accumulation i.e. after a single pulse. From 
Figure 2 is seen that temperature increase 
of 170 K can be obtained in the gold 
nanoparticles after single laser pulse at 
fluences of about 70 mJ/cm2 for R = 100 nm 
and at 100 mJ/cm2 for particles with         
R = 40 and 80 nm. It should also be 
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mentioned that experimentally obtained 
threshold for biological cell modification 
(the example is for human breast MDA-MB 
cells [7]) using direct femtosecond laser 
pulses irradiation (without nanoparticle 
mediation) is estimated to about            
500 mJ/cm2 i.e. five times higher. 
 
2.3. Near field localization 
 

Figure 3 represents the calculated 
distributions of the electric field around a 

gold particle with radius of 100 nm – (a) in 
vacuum, and (b) placed on a Si surface. 
The incident laser radiation has circular 
polarization in both cases. The electric 
field distributions are shown in a cross-
sectional plane of the system, (a) - through 
the center of the sphere and parallel          
to the incident wave propagation and      
(b) – through the center of the sphere and 
the point of contact between the particle 
and the substrate.

 
 
 
 
 
 
 
 
 
 
 

a) 

  
 
 
 
 
 
 
 
 
 

b) 
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Figure 3. Calculated distribution of the electric field around a gold particle with radius of 100 nm. 
The incident radiation is at wavelength of 800 nm and the amplitude of the incident electric field is    
1 V/m. The direction of propagation of the incident wave is shown by an arrow. (a) a gold particle in 
vacuum; (b) a gold particle on a Si substrate. 
 

The properties of the near field for a 
system consisting of a particle deposited 
on a substrate will depend on the charge 
density induced on the substrate surface. 
This density depends on the dielectric 
properties of the substrate material and one 
should expect different characteristics of 
the near field for different substrate 
materials. The simulations made for 
dielectric substrates with different 
refractive indices show that the effect of 
near-field localization in the vicinity of the 
contact point between the particle and the 
substrate becomes more pronounced (and 
therefore the value of the field intensity on 
the substrate surface increases) with the 
increase of the refractive index of the 
substrate. A clear localization of the zone 
with the maximal intensity on the substrate 
surface is observed for a substrate whose 
refractive index exceeds 1.7. 

In order to validate the theoretical results  

experiments on modification of substrates 
with assistance of nanoparticles were 
performed. The theoretical results 
indicated that for a dielectric substrate 
with refractive index of 1.488, the near 
field intensity is not localized in the 
vicinity of the contact point between the 
substrate and the particle. A possible 
modification of the underlying substrate 
could only be related to the particle 
heating. Figure 4 shows modification of 
PMMA and silicon substrates when gold 
nanoparticles with radius of 100 nm are 
deposited on them and the systems         
are irradiated by a single ultrashort      
laser pulse with fluence of 60 mJ/cm2 and 
200 mJ/cm2, respectively. The polarization 
of the incident irradiation is linear (the 
polarization direction of the incident 
irradiation is shown by an arrow). In the 
case of a PMMA substrate, the nanohole 
shape has radial symmetry and no 
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dependence is observed of the hole shape 
on the incident irradiation polarization. 
Such a dependence is not seen in the 
fluence range up to the modification 
threshold of the native substrate. 
Furthermore, the rest of the substrate 
remains unchanged which confirms the 

idea of local interaction only under         
the particle. According to the numerical 
model, the maximal temperature    
achieved with this fluence is about         
the melting temperature of the         
PMMA substrate (440 K).

 
 
 
 
 
 
 
 
 
 
 
 

a) 

  
 
 
 
 
 
 
 
 
 
 

b) 

 

400 nm 

 

400 nm 

Figure 4. SEM images of nanomodification when gold nanoparticles with radius of 100 nm are 
deposited on (a) PMMA and (b) Si substrate and irradiated by a single laser pulse with fluence of     
60 mJ/cm2 and 200 mJ/cm2, respectively. The inset in (a) shows the distribution of the near field 
intensity on the substrate surface predicted by FDTD simulation. The arrow shows the polarization of 
the incident irradiation. 
 

These results indicate that heating 
provides the main contribution to the 
substrate modification in this case. In the 
case of a Si substrate, the shape of the 
modified area corresponds to the field 
intensity distribution and the nanoholes 
formed have a shape elongated in the 
polarization direction. This shows that 
under such conditions the enhancement of 
the near field under the gold particle is the 
governing mechanism for surface 
modification rather than particle heating. 
When circular polarization of the incident 

irradiation is used the shape of the hole 
formed shows good radial symmetry. 

The characteristics of the nanoholes 
produced depend also on the nanoparticle 
dimensions. Figure 5 shows SEM images 
of holes produced when a 0.185 J/cm2 
laser pulse irradiates a Si surface with gold 
particles with (a) R = 100 nm, (b) R = 40 nm, 
and (c) R = 20 nm deposited on it. The 
polarization of the incident radiation is 
circular. The maximal depths of the holes 
are 30 nm, 15 nm, and 7 nm, respectively.

 
  

 
 
 
 
 
 

                    a)          b)          c) 
 
Figure 5. SEM images of holes produced by a 0.185 J/cm2 laser pulse irradiating a Si surface with 
gold particles with radius of (a) 100 nm, (b) 40 nm, and (c) 20 nm deposited on it. 
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2.4. Nanoparticle arrays 
 

Figure 6 shows the experimentally 
obtained absorption spectrum of gold 
nanoparticles with radius of 100 nm 
deposited on a glass substrate. The inset 
shows a SEM image of the particles 
deposited. The dashed line represents     
the  absorption  spectrum   of   an   isolated  

 
 

 
 
 
 
 
 
 
 
 

Figure 6. Experimental absorption spectrum 
of gold nanoparticles with radius of 100 nm 
deposited on a glass substrate (solid line). The 
dashed line shows the spectrum calculated for 
a single particle. 

nanoparticle calculated by Mie theory. It is 
seen that the absorption of the nanoparticle 
cluster is efficient in the wavelength range 
from 550 to about 850 nm. The near-field 
distribution in the vicinity of nanoparticle 
array is also different compared to the case 
of single particle. Figure 7 a) shows the 
calculated distribution of the electric field 
intensity on a Si substrate when a closely 
packed nanoparticle array is placed on it. 
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A cross sectional view of the field 
intensity distribution in a nanoparticle 
chain within the array is shown in figure 7 b). 
Due to plasmon coupling, the zone with 
the maximal field intensity in a 
nanoparticle array is localized between the 
particles, where the intensity value is about 
two orders of magnitude higher than that 
on the substrate surface. 

Thus, for surface modification 
applications, cluster heating will be the 
dominant mechanism, rather than the 
direct near-field localization and 
enhancement as it is in the case of a single 
particle.
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Figure 7. Calculated distribution of the electric field intensity on a Si substrate when a closely packed 
nanoparticle array is placed on it – a). Cross sectional view of the field intensity distribution in a 
nanoparticle chain within the array – b). 
 
2.5. Nanosecond pulses 
 

The heating of nanoparticles when they 
interact with nanosecond laser pulses was 
described using a model similar to the one 
above. The values of the maximal 
temperature reached in nanoparticles with 
diameters of 40 and 100 nm when they are 
irradiated by a single laser pulse as a 
function of the  incident  laser  fluence  are  

shown in figure 8. 
Due to the difference in the optical 

properties, the particle with D = 100 nm is 
heated more efficiently by the laser pulse 
under these conditions. According to the 
calculations, the melting temperature     
(Tm = 1330 K) of 40 and 100 nm particles 
is reached at laser fluences of 40 and       
13 mJ/cm2, respectively. The boiling point 
(Tb= 3127 K) can be  achieved  at  fluences  
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Figure 8. Dependence of the maximal 
temperature reached in nanoparticles with 
diameters of 40 and 100 nm in water on the 
incident laser fluence. The laser pulse 
parameters are λ = 532 nm and τp = 15 ns. 
 
of about 100 mJ/cm2 for particles with 
diameter of 40 nm, and 34 mJ/cm2 for      
D = 100 nm. The latter values can be 
regarded as the threshold for particles 
decomposition after single pulse 
irradiation. 
 
2.6. Photothermal therapy of cancer cells 
 
2.6.1. Cell Culture 

Human cervical cancer cell line (HeLa) 
was cultured in a DMEM medium (Gibco, 
Austria) supplemented with 10% fetal 
bovine serum (Gibco, Austria), 100 U/ml 
penicillin and 0.1 mg/ml streptomycin in 
75 cm3 tissue plastic flasks. Cells were 
maintained in log growth phase at 37oC in 
a humidified air with 5% CO2. 
2.6.2. MTT Cytotoxicity Assay 

HeLa cells were trypsinized by 0.25% 
Trypsin-EDTA and counted using 
hemocytometer. The cells were transferred 
to a 96-well microtiter plate to ensure a 
concentration of 2×104 cells per well. After 
overnight incubation at 37 oC in a 
humidified air with 5% CO2 to allow cells 
attachment, the medium was changed and 
the cells were treated with gold 
nanoparticles with various size (40 and 
100 nm in diameter). Then the samples 
were irradiated by a Nd:YAG laser system 
operating at λ = 532 nm with pulse 
duration τp = 15 ns. The repetition rate of 

the laser radiation was 1 Hz. Laser pulses 
with energy densities of F = 80 mJ/cm2 
and F = 25 mJ/cm2 were used. The 
irradiation of the samples was performed 
using 2, 3 and 10 laser pulses, following 
which the cells were incubated for 24 h at 
37 oC in a humidified air with 5% CO2.  
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The effect of the different treatments 
on the cell viability was assessed by the 
MTT assay. After culture, cell number and 
viability were evaluated by measuring the 
mitochondrial-dependent conversion of the 
yellow tetrazolium salt MTT to purple 
formazan crystals by metabolic active 
cells. Each variant of the treatment was 
assayed in eightplicate. MTT assay 
reading was performed using ELISA plate 
reader (TECAN, SunriseTM, 
Grödig/Sazburg, Austria). 
2.6.3. Statistical analysis 

The data are given as the mean ± SD. 
Significance testing was performed using 
one-way analysis of variance (ANOVA) 
followed by Bonferroni’s post hoc test. 
Values of p < 0.05, p < 0.01 and p < 0.001 
were considered significant. In order to 
estimate the applicability of gold 
nanoparticles as nanoheaters in process of 
modification of biocomponents, 
experiments on photothermal therapy of 
HeLa tumor cells were carried out. Figure 9 
represents the experimental data for 
cytotoxic effect of gold nanoparticles with 
diameter of 40 and 100 nm, irradiated with 
laser pulses with fluence of 25 and          
80 mJ/cm2. The laser fluences are chosen 
to ensure realization of two different 
mechanisms of laser pulse – particle 
interaction. At a fluence of 25 mJ/cm2 the 
gold particles with diameter of 100 nm are 
melted, but not evaporated. For particles 
with D = 40 nm this fluence will lead to an 
increase of the temperature to about 1000 K. 
The second regime (F = 80 mJ/cm2) 
ensures complete evaporation of the 
nanoparticle with diameter of 100 nm and 
melting of the particle with D = 40 nm. 
The red bar in figure 9 represents the 
behavior of the cells that are not treated by 
laser radiation and are not mixed with gold 
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Figure 9. Viability of HeLa tumor cells estimated by MTT assay. The leftmost bar  
(in red) shows the untreated control. The first group of three bars shows the results for 
application of laser irradiation without presence of gold nanoparticles. The next two 
groups represents the case when laser pulses are applied on samples that contain gold 
nanoparticles with diameter of 40 (GNPs-40) and 100 nm (GNPs-100). The results are 
taken 24h after the laser treatment. 

 
colloid. The first group of three bars 
represents the behavior of the cells when 
they are treated by laser radiation without 
presence of gold nanoparticles. It is seen 
that under the conditions described, the 
laser treatment itself has no toxic effect for 
the cells. The next two groups of bars 
represents the results of laser treatment of 
HeLa cells when they are mixed with gold 
colloid with diameter of 40 nm (GNPs – 
40 nm) and 100 nm (GNPs – 100 nm). In 
both cases the citotoxic effect of the laser-
heated gold nanoparticles is clearly 
expressed. The obtained results indicate 
that the application of gold nanoparticle 
with diameter of 100 nm is more efficient 
compared to the case of 40 nm particles. 
This result is in agreement with the 
theoretical predictions for more efficient 
laser heating of particles with D = 100 nm. 
The results from application of laser 
fluence of 80 mJ/cm2, which will lead to a 
decomposition of particles with D = 100 nm, 
also indicate that this mechanism could be 

even more efficient than the case of 
particle heating without evaporation. 
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1. Introduction 
 
Since their invention and further 

development, laser sources have been in 
practical use in a wide variety of 
applications. Many of them, such as laser 
spectroscopy, optical frequency standards, 
coherent optical sensors, laser gyroscopes, 
laser cooling of neutral atoms and, more 
recently, laser-interferometer space 
antenna [1] for gravitational wave 
detection, need frequency-stabilized lasers. 

Laser-frequency stabilization can be 
achieved by creating a frequency 
reference, which is used to generate an 
error signal when the laser emission 
frequency changes. The error signal is then 
transformed electronically to a driving 
signal which forces the laser back to the 
needed frequency. 

Implementing a frequency reference by 
a saturated absorption (SA) signal from an 
atomic transition was one of the first and 
well known techniques [2,3]. The main 
advantage of this technique is the very 
narrow absorption line obtained. Its width 
is only restricted by the laser emission 
width and the optical atomic transition 
width. In some cases, a disadvantage could 
be the presence of hyperfine atomic 
transitions close to every atomic line, 
which creates crossover resonances 
through the Maxwell-Boltzmann atomic 
velocity distribution. When the hyperfine 
splitting is comparable with the resonance 
natural width, the crossover resonances 
which occur between hyperfine resonances 
can mask them, thus preventing one from 
obtaining a good frequency reference. 

A relatively new method for obtaining 
resonances with sub-Doppler width was 

realized in [4]. Instead of using two 
counter propagating beams as in the 
saturated absorption technique, the authors 
proposed the pump beam to be directed 
perpendicularly to the probe beam when 
using atomic vapor confined in a cell with 
a thickness between 0.5 - 5 mm. Such a 
cell has anisotropic dimensions so that its 
size along the probe beam direction is 
small compared to the others dimensions 
in the plane orthogonal to the probe beam. 
In this configuration, the pump beam 
mainly saturates atoms with very small 
velocity along the probe beam direction. 
This leads to the appearance of             
sub-Doppler resonances in the probe 
transmission spectrum. The dimensional 
anisotropy of the cell reduces the probe 
absorption which is Doppler broadened, 
thus increasing the contrast of the sub-
Doppler resonances. The disadvantage of 
that method consists in the significant 
width of the sub-Doppler resonances: one 
order of magnitude larger than natural 
transition width. 

A new type of cell, the so called 
extremely thin cell (ETC) was 
demonstrated [5] almost simultaneously 
with [4]. Saturated absorption experiments 
in an ETC offers a new way of suppressing 
the crossover resonances [6]. The method 
takes advantage of the very short atom-
light interaction time in an ETC for atoms 
whose velocity has a large projection in 
the direction of the laser beams. The probe 
and pump laser beams are directed 
normally to the cell window and their 
diameter exceeds considerably the cell 
thickness. The atoms lose their excitation 
when hitting the cell window. The cell is 
so thin (the thickness is in the order of the 
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atomic transition wavelength explored) 
that the atom-light interaction time is less 
than the lifetime of the excited state. 
Alternatively, atoms with a small velocity 
component along the laser beams direction 
have the advantage of interacting longer 
with the laser light. This atom-light 
interaction time anisotropy allows one to 
suppress Doppler shifted atoms (hence 
crossover resonances) and to obtain a   
sub-Doppler resonance width in the 
transmitted probe signal. 

A frequency reference needs to be as 
narrow as possible. Sub-Doppler 
resonances in ETC saturated absorption 
still have widths almost one order of 
magnitude larger than the natural width of 
the atomic hyperfine transition and larger 
than those obtained in an ordinary cell. 
This is due to the atom-wall collisions in 
the ETC, which are much more frequent 
than in a regular cell. 

It was demonstrated recently [7] that, 
in the case of ETC fluorescence, single 
beam spectroscopy of the open atomic 
transitions shows interesting features. 
When laser light irradiating an ETC 
strongly saturates the atomic transition, 
one observes a dip in the fluorescence 
profile. The dip has a width smaller than 
sub-Doppler profile of the hyperfine 
transition. The ETC thickness in this 
experiment is equal to the atomic 
hyperfine transition wavelength (Cs D2 
line). 

This result provoked us to investigate 
further both theoretically and 
experimentally the velocity selective dip 
characteristics when changing the ETC 
thickness [8]. 

We present below the results of these 
studies, which show that a small increase 
of the ETC thickness results in a strong 
enhancement of the sub-Doppler 
resonance contrast in fluorescence, still 
avoiding the crossover resonances. 
Moreover, the resonance observed by 
single laser beam spectroscopy exhibits a 
significantly reduced width. 

2. Theoretical study of the absorption 
and fluorescence profiles as a function 
of the ETC thickness 

 
The theoretical model used is based on 

solving directly the optical Bloch 
equations for a two-level system [7]. We 
can make calculations both for the open 
and closed hyperfine transitions. For an 
open transition, we consider a system in 
which atomic population losses are 
introduced by means of a spontaneous 
emission to a "third level" that is not 
excited by the light. For a closed 
transition, there are no population losses in 
this aspect. The parameters chosen are 
suitable to a realistic alkali system, 
namely: γ21 = 5MHz, ku = 250 MHz, and 
α = 1 (closed transition) or α = 0.6 (open 
transition). Here γ21 is half of the transition 
rate of the excited state, ku is the most 
probable Doppler shift and α is the 
probability for decay from level 2 to level 1. 

We present our results for open 
transitions only and for the D2 line of 6S1/2 
(Fg = 3) → 63/2 (Fe = 2, 3, 4) transitions of 
Cs-atomic-layers with thickness L = mλ 
(where m = 1, 2, 3, 4, 5, 6). 
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Figure 1. Theoretical calculations of the 
absorption spectra for open transition for            
L= (1, 2, 3, 4, 5, 6) λ at 20 mW/cm2 laser power. 
 

Figure 1 presents the absorption 
spectra for the open transition for all cell 
thicknesses investigated and for laser 
power density of 20 mW/cm2. Due to the 
hyperfine and Zeeman optical pumping, 
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well pronounced narrow dips are observed 
at the center of the optical transition. The 
amplitude and contrast of the dips rise with 
the cell thickness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Theoretical calculations of the 
fluorescence spectra for open transition for        
L= (1, 2, 3, 4, 5, 6) λ at 20 mW/cm2 laser power. 
 

In case of fluorescence (figure 2), one 
can see that the transition profiles are 
narrower compared to those in absorption. 
The reason is that, as the laser beam 
diameter exceeds considerably the cell 
thickness, the interaction time between an 
atom and the laser radiation is different 
depending on the atomic velocity 
direction. Atoms flying orthogonally to the 
cell windows have a much shorter 
interaction time with the light than those 
flying in parallel to the windows. Further, 
the fluorescence signal originates mainly 
from slower atoms, whose velocity is 
small enough to allow time for absorption 
of a photon and subsequent spontaneous 
emission before a collision with the wall. 

Using the theoretical spectra obtained, 
we determined two important parameters: 
the contrast and the full-width half-
maximum (FWHM) of the dip formed at 
the optical transition center. The dip 
contrast dependence on the ETC thickness 
is presented in figure 3. It is seen that the 
dip contrast observed in fluorescence is 
generally lower but increases faster than 
that in the absorption profile. 

The FWHM of the dip also increases 
with the cell thickness (figure 4), but all 

the time the feature observed in the 
fluorescence is narrower than that in the 
absorption profile. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Contrast of the dip observed in the 
fluorescence (a) and in the absorption (b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. FWHM of the dip observed in the 
fluorescence (a) and in the absorption (b). 

 
3. Comparison of the experimental 
transmission and fluorescence spectra in 
ETCs with thicknesses L = λ and L = 6λ 

 
As a radiation source we used a cw 

diode laser operating in a single-frequency 
mode at λ = 852 nm with linewidth of    
2 - 3 MHz. Two ETCs were used: (i) with 
L = λ and (ii) L = 6λ. The laser light was 
linearly polarized and its frequency was 
scanned in the absorption region of the 
hyperfine transitions starting from ground-
state levels with quantum numbers Fg = 3, 
on the D2 line of Cs. The main part of the 
laser light was directed orthogonally to the 
ETC window. We measured the ETC 
transmission and fluorescence (collected 
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orthogonally to the laser beam). The 
remaining part of the laser light was used 
for laser frequency control. The second 
laser beam was steered to a 3-cm long Cs 
cell to register the saturated absorption 
(SA) spectrum needed as a frequency 
reference. The transmission and 
fluorescence spectra were measured for 
both ETCs. 

The first ETC (L = λ) spectra are 
illustrated in figure 5. In the transmission 
spectrum one can see that the three 
hyperfine transitions show enhanced 
peaks. It should be pointed out that the 
transition Fg = 3 → Fe = 2 can be 
considered as an open one since the 
linearly polarized light accumulates atoms 
onto non-absorbing Zeeman sublevels 
acting as loss channels. One can further 
see that in fluorescence the hyperfine 
transitions are resolved better than those in 
transmission, which is in good agreement 
with our calculations. 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
Figure 5. Experimental measurement of 
fluorescence (at laser intensity W = 266 mW/cm2) 
and transmission (at laser intensity         
W = 20 mW/cm2) spectra, for ETC with          
L = λ - on the   D2   line  of Cs. Cs source 
temperature T = 110oC. 
 

As reported in [7], small features of 
reduced fluorescence were obtained in the 
fluorescence profiles (indicated by arrows 
in figure 5). As at L = λ, the fluorescence 
dips are of extremely small amplitude     
(in the order of the experimental noise); in [7] 

their examination was performed by phase 
sensitive registration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Experimental measurement of 
fluorescence and transmission (at laser 
intensity W = 20 mW/cm2) spectra, for ETC 
with L = 6λ - on the D2 line of Cs. Cs source 
temperature T = 49oC. 
 

The theoretical simulations performed 
for ETCs with different thicknesses 
allowed us to predict a strong 
enhancement of the fluorescence dip 
contrast as the cell thickness is increased 
in the case of open transitions. Our 
experimental study confirmed this 
prediction (figure 6). For the cell with 
L = 6λ, a dip contrast improvement of 
more than an order of magnitude is 
achieved compared to the case of L = λ 
[7]. Moreover, on the Fg = 3 set of 
transitions, only three very well resolved 
fluorescence dips are observed whose 
width is smaller than that of the SA 
resonances. One should note that the SA 
spectrum observed in the cm-sized cell is 
much more complicated than the three-dip 
spectrum in the ETC fluorescence. 
 
4. Conclusion 
 

Theoretical simulations were 
performed of the absorption and 
fluorescence profiles of open hyperfine 
transitions in an ETC for different cell 
thicknesses. It was shown that the contrast 
of the sub-Doppler features observed in 
the optical transition profiles increases 
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with the ETC thickness. A particularly 
strong enhancement of the sub-Doppler 
dip in the fluorescence spectrum was also 
predicted. The latter was confirmed 
experimentally - we observed a narrow 
reduced fluorescence dip in the hyperfine 
transition fluorescence profile, whose 
contrast for an ETC with L = 6λ is higher 
by an order of magnitude than that of a cell 
with L = λ. Thus, a small increase of the 
ETC thickness makes it advantageous to 
use the narrow dips in the fluorescence 
profiles as frequency references for precise 
and significantly simplified laser 
frequency stabilization. 
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The high-confinement mode (H-mode) 
is considered as one of the most promising 
regimes of operation of thermonuclear 
reactors. The H-mode is characterized by 
the formation of an edge pedestal region 
where steep gradients in the density and 
temperature are observed as a result of the 
formation of a particle and energy 
transport barrier near the plasma edge. 
The lidar Thomson scattering diagnostics 
[1] (figure 1) has been successfully used 
for reliable and repeatable measurements 
of the electron temperature Te and density 
ne profiles in JET. However, resolution of 
12 - 15 cm is practically insufficient for 
resolving the narrow pedestal area. 

Deconvolution techniques [2, 3] can 
be used to improve the spatial resolution 
achievable with the existing core lidar 
system. As an inverse problem, the 
deconvolution is noise sensitive and 
requires careful analysis of each 
processing step [4]. Here we present the 
first results on deconvolution of JET core 
lidar data and their comparison with 
untreated data. The deconvolution is 
applied to the raw JET lidar profiles 

,  being the spectral 
channel number, and 

( )rLout
p 6..1=p

r , a LOS coordinate.

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.Thomson scattering Core Lidar in 
JET, Culham Science Center, UK. 
 

The output lidar profiles are given by: 
( ) ( ) ( ) (rWrLrRrL p

inp
p

p
TS

out
p )~+⊗= , 

( ) ( ) ( ) (rRrRrRrR las
pp

ADC
p

TS ⊗⊗= det ) ,    (1) 
where ""⊗  denotes convolution; ( )rR p

TS

)

 
is the total instrument function for the 
p-th channel expressed in (1) by a 
convolution of the partial instrument 
functions  of   the   ADCs   ,   the (rR p

ADC

 

                                                           
5  Presented on the 36th EPS Conference on Plasma Physics, Sofia, Bulgaria, 2009. 
6  See appendix of F. Romanelli, IAEA, Geneva, Switzerland, 2008. 
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photon detectors  and the laser 
pulse shape ;  are the input 
lidar profiles at 

( )rR p
det

) (rLinp
p(rRlas )

−δ type total instrument 
function; ( )rpW~  are noises. The main 
differences in the retrieved convolved & 
deconvolved electron temperature and 
density profiles can be expected in the 
pedestal area as it follows from (1). The 
deconvolved profiles inside the torus will 
tend to the convolved profiles in the area 
of their low spatial variations. Thus, the 
deconvolution of JET data can be 
estimated as a good approach to analyze 
the plasma parameters in the pedestal area 
or in other areas with steep gradients 
inside the torus. 

The total instrument function ( )rR p
TS  is 

extracted by a computer model based on 
the expressions in (1) and some well 
known models for the partial functions 

,  and . Then, tuning 
precisely the parameters of the partial 
instrument functions during the 
deconvolution process and controlling the 
deconvolved profiles quality, one could 
find the best estimate of 

( )rR p
ADC ( )rR p

det ( )rRlas

R p
TS ( )r~  providing 

a tolerable deconvolved profiles quality 
(figure 2a). The success of such approach 
can be explained by the low number of 
samples per FWHM, as well as by the 
smoothness of the Fourier spectrum within 
the entire spectral range without any zero 
spectral components (figure 2b). The 
FWHM of (rR p

TS )~  providing the tolerable 
performance is ~ 13.6 cm. This value 
corresponds to the estimates of the JET 
core lidar resolution. 

Examples of 6-channels untreated and 
deconvolved lidar profiles for the JET 
pulse #73337, laser shot #77, are shown in 
figures 3a and 3b, respectively. As seen, 
the deconvolved profiles are slightly 
noisier than the untreated ones as can be 
expected. They are steeper in the pedestal 
area (marked on both figures) as a result of 
the deconvolution. 
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Figure 2. a) Total and partial instrument 
functions of JET Core Lidar; b) Power 
spectrum of total instrument function. 
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Figure 3. a) 6-channels of untreated lidar 
profiles for the JET pulse #73337, b) 
Deconvolved lidar profiles. 
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The Te and ne retrieval algorithms are 
based on the dependence of the mass 
center of the relativistic Doppler spectrum 
on the electron temperature and the 
calibration parameters of the JET lidar. In 
the simulations, we found this approach as 
less affected by the uncertainties in the 
determination of the plasma light and the 
spectral channel sensitivities. The electron 
density is calculated using the electron 
temperature profile, the lidar signals 
measured and the full relativistic Doppler 
spectrum. The plot in figure 4a displays 
the mean electron temperature profiles 
extracted from convolved and 
deconvolved profiles averaged over 25 
laser shots within a steady-state period of 
the H-mode of pulse #73337. As is seen, 
the Te profile retrieved from deconvolved 
profiles provides better determination of 
the pedestal area with respect to the 
untreated profiles. Inside the torus both 
profiles overlap. The pedestal width is in 
the order of one ADC discrete (3.75 cm), 
as can be expected. The retrieval of the 
pedestal area in the electron density 
profiles is given in figure 4b. 
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Figure 4. a) Convolved & deconvolved Te 
profiles; b) Convolved & deconvolved ne profiles. 

The profiles of the standard deviation 
in retrieving the Te and ne profiles before 
and after deconvolution are shown in 
figures 5 a,b. The Te and ne profiles are 
also shown, but averaged over 25 single 
temperature and density profiles retrieved 
from each single laser shot. The standard 
deviation of the Te profiles (figure 5a) is 
below 250 eV inside the torus. It increases 
up to 750 eV within the pedestal mainly 
due to noises, as the SNR is lower in this 
area. The fluctuations of the averaged Te 
profiles are in the order of 50 eV for both 
the convolved and deconvolved profiles. 
The standard deviations for the ne profiles 
(figure 5b) have a similar behavior as in 
figure 5a. Here the fluctuations (~0.12 of 
the maximum) do not increase within the 
pedestal area as is the case with the Te 
profile. Figure 6 illustrates the retrieved 
history of the deconvolved ne profiles for 
the entire JET pulse comprising 117 laser 
shots. The establishment of the H-mode is 
well seen. 
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Figure 5. a) Convolved & deconvolved         
Te profiles in the pedestal area; b) Convolved 
& deconvolved ne profiles in the pedestal area. 
Standard deviations are also shown. 
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range Shot number

H-mode 

 
 
Figure 6. The retrieved history of the deconvolved ne profiles for the entire JET pulse comprising  
117 laser shots. 
 
 

In conclusion, we demonstrated a 
successful deconvolution of JET core lidar 
area can be detected and the pedestal 
parameters estimated. Thus, the resolution 
is improved by a factor of about three. As 
mentioned above, the JET core lidar 
system is very successful as a workhorse 
for the JET operations. However, the 
technology employed is quite old. This 
applies particularly to the detectors and the 
data acquisitions systems. A recent 
upgrade to the edge lidar system [5] has 
shown that this technology can be 
deployed very successfully. The basic 
spatial resolution has been enhanced by 
more than a factor of two and the sampling 
rate has been increased up to 20GS/s from 
4GS/s. With a hardware upgrade of 
detectors, digitizers and improved optics, 

combined with a deconvolution, the spatial 
resolution of the JET core lidar can be 
brought down to 1 cm; similar to the best 
performing JET diagnostics. 
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EC-PROJECT EARLINET-ASOS 
 

D. Stoyanov, I. Grigorov and 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 Program. 
EC FP6 Specific Program: Structuring the European Research Area - 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) [1], 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 
 
NA 1. Management 

Management comprises the areas of 
communication with the Commission for 
all contractual and administrational 
matters. 

NA 2. Exchange of expertise 
Exchange of expertise with the main 

goal of defining and disseminating best 
practices and knowledge. 

NA 3. Quality assurance 
Quality assurance program for both 

algorithms  and  instruments  for  assessing 

and assuring common high-quality standards. 

NA 4. Optimization of instruments 
Optimization of instruments for 

achieving a better temporal coverage and 
standardization of performance. 

NA 5. Optimization of data processing 
Optimization of data processing with 

the goal of establishing automatic 
processing from raw data to final products. 
NA 6. Database construction and 
operation 

Establishing a database provided with 
an user interface for dissemination of data.
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Project objectives 
 

To extend the development of the 
European Aerosol Research Lidar 
Network as a world-leading instrument for 
observation of the four-dimensional 
spatio-temporal distribution of aerosols on 
a continental scale, resulting in accurate, 
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 validation, 
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 the Global Earth Observation System of 
Systems (GEOSS), by setting the 
standards for instruments, methodology, 
and organization in this specific area. 
 
 
The earlinet-lidar systems of the institute 
of electronics 
 

Two lidars at the Institute of 
Electronics carry out measurements and 
provide data to be uploaded on the 
common EARLINET-ASOS database. 
These are an aerosol lidar based on a 
CuBr-vapor laser at wavelength 510.6 nm 
and detection in photon-counting mode 
(Lidar 1), and another aerosol lidar based 
on a Nd-YAG laser that uses two 
wavelengths for the atmospheric studies 
(532 nm and 1064 nm) (Lidar 2), with 
analog signal detection. The 
implementation of a more sophisticated 
third receiving channel based on Raman 
scattering of the atmospheric nitrogen at 
607 nm is in progress and soon will 
provide a more precise profiling of the 
atmospheric aerosol stratification. Five 
reserachers are working with this lidar 
systems: D. Stoyanov, I. Grigorov, 
G. Kolarov, A. Deleva and Z. Peshev. 
Some of the lidars’ technical parameters 
are shown in table 1. 

  Table 1. Technical parameters of the lidars. 

 Lidar 1 Lidar 2 
Laser CuBr Nd:YAG

Wavelength [nm] 510.6 532, 1064
Pulse energy [mJ] 0.07 80 

Pulse repetition rate [Hz] 13 000 2 

Telescope [mm] D = 200 
F = 1000 

D=350 
F=1960 

 
 

As mentioned above, the first lidar 
system [3] (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 900 m to about 
10 000 – 12 000 m. The receiving 
electronics permits adjustment of the 
sampling step at 0.1 or 0.2 μs (spatial 
resolution of 15 or 30 m). The second lidar 
system [4] (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 is being 
designed for independent aerosol 
extinction and backscatter coefficients 
measurements. Its range can reach 25-30 km 
with spatial resolution of 15 m. 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 
0o to 35o with respect to the horizon. 

The assessment of the accuracy of 
operation of the lidars was carried out by a 
comparison [5] of the aerosol backscatter 
profiles calculated from the measurements 
data. The mean difference yielded a value 
of 1.38 × 10−7 (sr m)−1, which was below 
the permissible limit [2] 5 × 10−7 (sr m)−1. 
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 km6
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                            Lidar 1                                                                      Lidar 2 
 

 
Three types of lidar measurements are 

performed in Sofia Earlinet’s lidar station 
(as agreed in the project): 

• 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. 

• 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 
significant altitudes – 4 - 6 km above the 
ground surface. 

• Measurements in the framework of 
cooperation with 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 
measured   regularly   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 the lidar optics existed. Failures 
in the lidar system have also occasionally 
caused gaps in the regular measurement 
schedule. The Fernald’s inverse method 
[7] algorithm was applied in data 
processing. 

An exemple of such a regular lidar 
measurement performed in Sofia on        
06 April 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 [8,9], 
calculated by using NOAA Hysplit model 
online software, are presented in the figure. 

This lidar measurement was performed 
in the evening hours of the day. Above the 
aerosol layers in the planetary boundary 
layer (PBL) of the atmosphere, three other 
aerosol layers were observed. One thin 
layer positioned at 3 000 m AGL was 
followed by two other at 8 000 and 
9 500 m AGL, near the end of the lidar 
sounding range. We assumed that these 
highly located aerosol layers were Cirrus 
clouds. This was proved by the fact that 
the BSC forecast map did not show any 
Saharan dust transportation over Bulgaria, 
nor the calculated backward air mass 
trajectories indicated any air mass source 
from Sahara.
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 Sofia_EARLINET station,  
Position: 42.65oN, 23.38oE, 550 m ASL 
06 April 2009,  
Measurement start: 17:06 UTC – stop 18:06 UTC,  
Measurement type: aerosol backscatter at 510.6 nm, 
Comments: Aerosol layers at about 8000 and 9500 m AGL. 
http://www.ie-bas.dir.bg/Departments/LidarData/ 
Quicklooks.htm 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Regular climatological lidar measurement in Sofia; 06 April 2009. 
 
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 
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 in coincidence with 
CALIPSO overpasses. Each observation 
lasted for a minimum of 1 hour centered 
on the overpass time above Sofia. Longer 
records of measurements were performed 
for special case studies (Saharan dust 
layers, forest fires, etc.). 

Finally, in table 2 we present the 
number of data files that the Sofia  Earlinet  
 
Table 2. Number of data-files uploaded on the 
common Database in Hamburg. 
 
Category Calipso Climatology Sahara dust

Period 2006-2009 2003-2009 2003-2009
Data-files 238 462 379 

Total 735 
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lidar group uploaded on the Database of 
the Earlinet project. Each data-file 
contains information about the 
atmospheric backscatter coefficient profile 
measured. The data is averaged for a      
30-min time interval of measurement. The 
total number of data-files is less than the 
sum of files in the different categories 

because sometime the measurements are 
reported in more than one category. 

Actually, more than 700 profiles of the 
atmospheric Backscatter coefficient, 
measured by the Sofia Earlinet lidar group, 
were uploaded on the servers of the 
common database in Hamburg.

 
 
 
 
 
Sofia_EARLINET station, Position: 42.65oN, 23.38oE, 
550 m ASL 
28 April 2009 
Case A measurement, Distance 18.229 km 
Measurement start: 20090428 00:37h UT stop:20090428 
02:07h UT  
CALIPSO overpass time: 00:45:20-00:45:40 UT  
Measurement type: aerosol backscatter at 510.6 nm.  
Comments: Clear atmosphere, 
http://www.ie-
bas.dir.bg/Departments/LidarData/Quicklooks.htm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calipso lidar CALIOP measurement on 28 Apr.2009. 
The vertical red line marks the nearest position to Sofia 
EARLINET lidar-station. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lidar measurement. 

 
CALIPSO correlative measurement performed in Sofia on 28 April 2009. 
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DEVELOPMENT OF INTERDISCIPLINARY THINKING AND TRAINING OF 

YOUNG SCIENTISTS WORKING IN THE FIELD OF LIGHT-MATTER 
INTERACTIONS 

 
Contract # BG051PO001.3.3.04/56/2009 

Project is funded under the frames of Operative Programme “Human Resources 
Development” of the European Social Fund 

 
General directorate “Structural funds and international educational programmes” of the 

Ministry of education, youth and science of Republic of Bulgaria 
 

Operation scheme BG051PO001-3.3.04 “Support of PhD students, post-doctors and young 
scientists’ development” 

Priority axis 3 “Improving the quality of education and training in correspondence with the 
labour market needs for building a knowledge-based economy” 

 
 
Terms: 2009-2011 
Total support: 510 438 BGN 
Young scientists involved: 28 persons 
Web-site: http://www.ie-bas.dir.bg/YoungSci/ 
 
Consortium: Institute of Electronics (IE-BAS) – Basic organization, 
Institute of Astronomy (IA-BAS), Optella Ltd. – partners. 
 
Project management team: 
Assoc. prof. Dr. Ekaterina Borisova - project coordinator 
Irina Bliznakova – technical assistant 
Yordanka Dragomanova – accountant 
 
Partners’ advisory committee: 
Assoc. prof. Dr. Sanka Gateva - IE-BAS 
Assoc. prof. Dr. Tanyu Bonev - IA-BAS 
Assoc. prof. Dr. Radoslav Zamanov - IA-BAS 
Assoc. prof. DSci. Latchezar Avramov – Optella Ltd. 
 
 
Main project goals: 
 

The project provides opportunities for 
young professionals from the basic 
organization to enhance their qualification 
in the field of photonics, including 
numerical and statistical methods and 
modeling of processes and systems, 
advancing their adaptability and flexibility 
through professional training in 
technology transfer of scientific 
knowledge to innovation and development, 
environment and production. The project 
will support the mobility of and will 

provide short-term scholarships for young 
scientists and graduate students in foreign 
R&D organizations to study in hybrid 
applied science fields with access to 
unique equipment. Improvement of the 
institutional capacity of the IE-BAS and 
IA-BAS is foreseen through capacity 
building of young professionals in these 
organizations with access to additional 
training and trans-national cooperation 
schemes. 

Increased  investment  in  capacity  and  
training of young scientists and graduate 
students from IE-BAS, and partners is also 
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envisaged in the framework of the project, 
together with development of long-term 
strategy for exchange and cooperation with 
innovative companies in view of 
increasing the applicability of their 
scientific output. 
 
Specific project goals: 
 
- support and improvement of the 
infrastructure for training and education of 
young scientists in IE-BAS and IA-BAS; 
- development of a long-term program for 
exchange and training with national and 
international business and research 
structures; 
- stimulate the establishment of a training 
scheme through knowledge exchange and 
support for development of 
interdisciplinary problem groups of young 
scientists from different laboratories to 
address new research tasks; 
- stimulate the development of a 
technological transfer section for applied 
results obtained by young scientists; 
- stimulate the expression of the creative 
potential and innovative thinking through 
multidisciplinary training; 
- support to young scientists in the 
development of research projects and 
bilateral agreements with external 
organizations and implementation of 
policies aimed at increasing the research 
independence of young scientists; 
- improvement of the institutional potential 
of the research organizations - partners in 
the current project by increasing the young 
scientists’ capacity through additional 
access to trans-national collaborations and 
training; 
- preparation and implementation of 
specialized summer schools in the field of 
photonics, mathematical modeling and 
data and image analysis involving young 
scientists in the process of organizations, 
as a form of administrative training; 
- verification of the knowledge obtained 
and creation of conditions for direct 
exchange of information between 
interested parties – potential employers, 
scientific advisors and young scientists. 

Major activities: 
 
- Courses and seminars with Bulgarian and 
foreign specialists in the field of photonics, 
mathematical modeling, data and image 
processing as well as interdisciplinary 
research and applications; 
- Short-term training by the high-tech 
company – partner in the project in the 
field of innovative management, 
management of research and science, 
transfer of technologies; 
- Presentation of examples and application 
possibilities for “good practices” for 
transfer of knowledge from science to 
innovations; 
- Support to participation of young 
researchers in specialized scientific 
conferences and seminars, as well as in 
meetings aimed at establishing 
international contacts and training courses; 
- Encouragement of the research mobility 
of the target group for short-term visits in 
foreign research centers; 
- Organization of practical training in view 
of improving experimental skills of the 
target group and introducing young 
researchers starting their careers to the 
basics of scientific work; 
- Support for preparation of research 
articles, other specialized publications and 
patents developed by young researchers; 
- Provision of subscription to specialized 
databases and international journals in the 
field of photonics, info- and nano-
technologies and specialized software. 
- Modernization of the equipment in the 
seminar room of IE and IA in order to hold 
seminars and training courses of the target 
group; 
- Project management – meetings of the 
project management team and partners’ 
advisory committee to ensure transparency 
and impartiality in the utilization of the 
grants for the individual representatives of 
the target group; 
- Holding of work meetings for monitoring 
and evaluation of the performance and 
preparation of project activities foreseen in 
the project, as well as of the results 
obtained.

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     SCIENTIFIC EVENTS 
 

 
 ● Ninth International Conference on Electron Beam 

Technologies 
 ● Sixteenth International Summer School on 

Vacuum, Electron and Ion Technologies 
(VEIT 2009) 
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NINTH INTERNATIONAL CONFERENCE ON ELECTRON BEAM TECHNOLOGIES 

 
 
The 9-th International Conference on 

Electron Beam Technologies was held 
from 1 to 4 June 2009 in the International 
Home of Scientists, on the Black Sea shore 
near Bulgaria’s largest port city of Varna. 
These conferences have been traditionally 
organized by the Institute of Electronics of 
the Bulgarian Academy of Sciences in 
cooperation with the Technology Center 
for Electron Beam and Plasma 
Technologies and Techniques and the 
Union of Bulgarian Electrical and 
Electronic Engineers. The International 
Committee of the Conference includes 
scientists and industrial experts from 14 
developed industrial countries. The 
Organizing Committee is chaired by Prof. 
Dr.Sci. Georgi Mladenov, Corresponding 
Member of BAS. The Proceedings of the 
Conference were published as a regular 
issue of the Bulgarian scientific and 
technical journal “Electrical Engineering 
and Electronics” (No 5-6, 2009). This 
volume comprises 57 papers presenting the 
research results of 150 scientists or 
industrial experts. The Conference was 
attended by 61 participants from ten 
countries. The largest groups of 
participants were from Germany and 
Russia - 24 and 14, respectively. The 
participants from Bulgaria and Ukraine 
were eight and six, correspondingly. The 
other nine participants were from Canada, 
Japan, USA, the Czech Republic, Poland 
and Romania. Due to financial problems, 
researchers from India, Armenia and 
Belarus cancelled their participation at the 
last moment. 

Some of the more important results 
presented during the Conference are 
described below. The physics of intense 
beams has traditionally been a topic for 
this series of conferences. Two works were 
focused on the characterization of 
technological electron beams, and a 

Bulgarian team described a method for 
estimating the beam quality by evaluating 
its emittance. Another group of works 
demonstrated the researchers’ attention to 
the application of electron beam 
technologies to fabrication of nano-sized 
structures. In the field of electron beam 
welding, we should point out the use of a 
neuron network model for optimization of 
the process, as well as a work on a 
technique for directing automatically an 
intense beam on the welding joint. German 
scientists introduced the audience to the 
parameters and principle of operation of 
high-speed tomography for studies of fluid 
dynamics with applications to industrial 
processes. The studies of a team from the 
University of Freiburg, Germany, headed 
by Prof. Zenker, devoted to combined 
thermal surface modification processes, 
made a strong impression. Among the 
classical electron technologies we should 
mention the activities of scientists from 
Budker Institute of the Novosibirsk Branch 
of the Russian Academy of Sciences, who 
have developed high-throughput 
automated equipment for cable insulation 
improvement. The main advantage of 
insulation thus treated is the possibility for 
exposure to high working temperatures for 
long periods of time. Other important 
advantages are lower deformation at 
mechanical loading, improved chemical 
resistance, better impact behavior and 
shape-memory existing in the cross-linked 
polymer tubes. 

The Conference demonstrated that the 
electron beam technologies are viable and 
have a high potential for novel industrial 
applications. The results reported, situated 
on the advanced front of the electron beam 
technologies development, together with 
the customary good hospitality of these 
conferences, guarantee the interest in the 
next edition of this series in 2012 in Varna.
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SIXTEENTH INTERNATIONAL SUMMER SCHOOL 

ON VACUUM, ELECTRON AND ION TECHNOLOGIES (VEIT 2009) 
 

The International Summer School on 
Vacuum, Electron and Ion Technologies 
(VEIT) has been organized biennially since 
1977 when the series of VEIT School was 
launched by the Institute of Electronics, 
Bulgarian Academy of Sciences with the aim 
to act as a forum for interchange and 
dissemination of knowledge and ideas on the 
latest developments in electron-, ion-, and 
plasma-assisted technologies. Beginning from 
2001, the school has been jointly organized 
with the Institute of Ion Beam Physics and 
Materials Research, Forschungszentrum 
Dresden-Rossendorf, Germany. Whereas, the 
school has initially been providing a meeting 
place for researchers mainly from Eastern and 
Central European countries, its importance 
grew issue by issue. The school is now a major 
scientific event and a meeting place for young 
scientists from Eastern and Western Europe 
involved in research and development 
associated with high-tech industries. Many 
former school participants have gone on to 
become leading scientists in research 
establishments and companies throughout the 
world. Leading international companies, such 
as High Voltage Engineering, Balzers, Varian, 
and Hauzer have used the VEIT forum to 
present their products through oral 
presentations, poster contributions or exhibits. 
The School Proceedings have been published 
in special issues of the international journals 
Vacuum, Plasma Processes and Polymers, 
Journal of Physics: Conference Series. 

The Sixteenth edition of VEIT was held in 
the Black Sea resort Sunny Beach, Bulgaria on 
28 September – 2 October 2009. It was 
attended by close to 110 participants from 13 
countries: Belgium, Bulgaria, Czech Republic, 
France, Germany, The Netherlands, Romania, 
Slovak Republic, Spain, Sweden, Ukraine, UK 
and USA. 

Following the tradition of publishing the 
VEIT Proceedings, a selection of papers 
presented at the event is published in a special 
issue of Journal of Physics: Conference Series, 
under the originality and quality criteria of 
acceptance by the journal, including peer 
reviewing. 

The school comprised nine oral  and  three  

poster sessions. Seventeen invited talks of 
general interest and six progress reports were 
presented orally. In total 63 contributed papers 
were presented during the poster sessions. 
There were several scientific highlights 
covering fundamentals of interaction of fast 
particles with solids and challenging practical 
applications ranging from novel techniques for 
creating hard coatings, optical/protective 
layers, biocompatible materials to nanosized 
structures produced by evaporation, sputtering 
or external irradiation. Latest results were 
presented on ion-beam synthesis and 
modification in both low-energy (deposition 
and film growth) and high-energy (sputtering, 
implantation) regimes, and processing of solid 
materials aiming at patterning the surface or to 
create nanophase systems towards for 
electronic or tribological/wear resistant 
applications. 

Despite the busy scientific program, the 
atmosphere was relaxed and informal. The 
early afternoons of most conference days were 
free to stimulate both scientific and social 
interaction between participants, which often 
took place on the beach. The social program 
included a welcome reception, a conference 
banquet, and an outing to historical landmarks 
in Bulgaria. 

VEIT 2009 owes its success to many 
people. The International Advisory Committee 
shaped the scientific program and ensured 
high-quality plenary presentations by careful 
selection of invited speakers. The Local 
Committee bore the brunt of the organization 
both at the conference site and in dealing with 
correspondence, abstracts, and manuscripts for 
the proceedings. We are grateful to our 
sponsors Forschungszentrum Dresden-
Rossendorf, Dresden, Germany and Bulgarian 
Academy of Sciences, Sofia, Bulgaria for their 
generosity that enabled us to support the 
attendance of students and provided support to 
deal with mailing, printing, renting the 
conference site, etc. We would like to thank 
also all authors for their valuable contributions 
to the proceedings and to the school, as well as 
all reviewers for their important work. 

The next conference in the series will be 
held in September 2011.

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     HONORARY AWARDS 
 

 
          ●    Prof. Dr.Sc. Petar Atanasov, 

Corresponding member of BAS 
          ●    Assoc. Prof. Dr. Stefka Kartaleva 

Assoc. Prof. Dr. Sanka Gateva 
Dr. Dimitar Slavov 
Res. Kapka Vaseva 
Res. Petko Todorov 
Res. Nikolay Petrov 

          ●    Prof. Dr.Sc. Georgy Mladenov, 
Corresponding member of BAS 
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Professor Dr.Sc. Petar Atanasov, Corresponding Member of the Bulgarian Academy of 
Sciences, was presented with the PYTHAGORAS Great National Award for 
outstanding scientific achievements during 2008. 
 
 

               
 

 

Major Scientific Achievements during 
the past three years (2006-2008) 
 
Activities in the fields of: Photonics; 
Nanotechnologies - Nanostructuring; 
Plasmonics; SERS; PLD and processing 
of active and passive optical and 
magnetic films; Sensorics. 
 
Recent most important achievements 

• Experimental and theoretical 
elucidation of the physical 
mechanisms of NPs generation 
during ablation of metals (e.g. Al, 
Ni) with ultrashort laser pulses in 
vacuum. 

•  Surface nanostructuring of 
different substrates. Experimental 
and theoretical results on the 
properties of the optical field in the 
near field zone of gold NPs excited 
by an ultrashort laser pulse. 

• Butane-sensitive elements based on 
the light waveguide propagation 
into a thin or periodically 
structured ZnO film. 

• SERS properties using Au-coated 
ZnO nanorods grown by two-step 
off-axis PLD. 

Supervisor of 2 successfully defended 
PhD theses. 
 
Major scientific publications (2006-2008) 
 
1. Nedialkov N N and Atanasov P A 

2006 Molecular dynamics simulation 
study of deep hole drilling in iron by 
ultrashort laser pulses  Appl. Surf. Sci. 
252 4411-15 IF (1.263) 

2. Dikovska A Og, Atanasov P A, 
Dimitrov I G, Vasilev C, Kocourek T 
and Jelinek M 2006 Structural and 
optical properties of Er, Yb co-doped 
Y2O3 thin films Appl. Surf. Sci. 252 
4569-72 IF (1.263) 

3. Hirayama Y, Atanasov P A, Obara M, 
Nedialkov N N and Imamova S E 
2006 Femtosecond laser ablation of 
crystalline iron: experimental 
investigation and molecular dynamics 
simulation Japan J. Appl. Phys. 45/2A 
792-7 IF (1.096) 

4. Dikovska A Og, Atanasov P A, 
Jiménez de Castro M, Perea A, 
Gonzalo J, Afonso C N and García 
López J 2006 Optically active Er3+-
Yb3+ codoped Y2O3 films produced by 
pulsed laser deposition Thin Solid 
Films 500/1-2 336-40 IF (1.569) 
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5. Mazingue Th, Escoubas L, Spalluto L, 
Flory F, Jacquouton P, Perrone A, 
Kaminska E, Piotrowska A, 
Mihailescu I and Atanasov P 2006 
Optical characterizations of ZnO, 
SnO2, and TiO2 thin films for butane 
detection Appl. Optics 45/7 1425-35 
IF (1.637) 

6. Dikovska A Og, Tonchev S H, 
Vasilev C and Atanasov P A 2006 
Fabrication and study of periodically 
structured Y2O3 waveguides Plasma 
Proc. & Polymers 3 201-4 IF (2.846) 

7. Atanasov P A, Dikovska A Og, 
Perriere J and Defourneau R M 2007 
Composition, structural and electrical 
properties of thin films prepared by 
laser ablation of neodymium-doped 
potassium gadolinium tungstate Thin 
Solid Films 515 3052-56 IF (1.569) 

8. Amoruso S, Bruzzese R, Wang X, 
Nedialkov N N and Atanasov P A 
2007 Femtosecond laser ablation of 
nickel in vacuum J. Phys. D: Appl. 
Phys. 40 331-40 IF (1.957) 

9. Atanasov P A, Takada H, Nedyalkov N N 
and Obara M 2007 Nanohole 
processing on silicon substrate by 
femtosecond laser pulse with 
localized surface plasmon polariton 
Appl. Surf. Sci. 253/19 8304-08        
IF (1.263) 

10. Nedialkov N N, Atanasov P A, 
Amoruso S, Bruzzese R and Wang X 
2007 Laser ablation of metals by 
femtosecond pulses: theoretical and 
experimental study Appl. Surf. Sci. 
253/19 7761-66 IF (1.263) 

11. Peeva A, Dikovska A Og, Atanasov P A, 
Jiménez de Castro M and Skorupa W 
2007 Rare-earth implanted Y2O3 thin 
films Appl. Surf. Sci. 253/19 8165-68 
IF (1.263) 

12. Dikovska A Og, Atanasov P A, 
Stoyanchov T R, Andreev A Tz, 
Karakoleva E I and Zafirova B S 2007 
Pulsed laser deposited ZnO film on 
side-polished fiber as a gas sensing 
element Appl. Optics 46/13 2481-85 
IF (1.637) 

13. Amoruso S, Bruzzese R, Wang X, 
Nedialkov N N and Atanasov P A 
2007 An analysis of the dependence 
on photon energy of the process of 
nanoparticles generation by 
femtosecond laser ablation in a 
vacuum Nanotechnology 18/14 
145612 1-6 IF (2.993) 

14. Milev D R, Atanasov P A, Dikovska A Og, 
Dimitrov I G, Petrov K P and Avdeev G V 
2007 Structural and optical properties 
of YVO4 thin films Appl. Surf. Sci. 
253/19 8250-53 IF (1.263) 

15. Stanimirova T J, Atanasov P A, 
Stankova M, Dimitrov I G and 
Stoyanchov T R 2007 Optical and 
structural properties of undoped and 
palladium doped indium tin oxide 
films grown by pulsed laser 
deposition Appl. Surf. Sci. 253/19 
8206-09 IF (1.263) 

16. Atanasov P A and Nedialkov N N 
2007 Influence of the processing 
parameters on the ultrashort laser 
ablation of metals Proc. SPIE   
6346/2 2Y 1-6 

17. Koleva M E, Atanasov P A, Perriere J 
and Tzankov D 2007 Characterization 
of vanadium doped ZnO films 
produced by pulsed laser deposition 
Proc. SPIE 6604 660415 

18. Nedyalkov N N, Sakai T, Atanasov P A 
and Obara M 2007 Surface 
modification by localized surface 
plasmon polaritons excited by 
femtosecond laser pulse Chin. Opt. 
Lett. 5 S1-S4 

19. Dikovska A Og, Atanasov P A, 
Tonchev S H, Ferreira J and Escoubas L 
2007 Periodically structured ZnO thin 
films for optical gas sensor 
application Sensors and Actuators A 
140/1 19-23 (1.363) 

20. Nedyalkov N N, Atanasov P A and 
Obara M 2007 Near-field properties 
of a gold nanoparticle array on 
different substrates excited by 
femtosecond laser Nanotechnology 
18/30 305703 IF (2.993) 
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21. Atanasov P A, Nedyalkov N N, Sakai T 
and Obara M 2007 Localization of the 
electromagnetic field in the vicinity of 
Au nanoparticles: surface 
modification of different substrates 
Appl. Surf. Sci. 254/4 794-8              
IF (1.263) 

22. Nedialkov N, Sawczak M, 
Jendrzejewski R, Atanasov P, Martin M 
and Śliwiński G 2007 Analysis of 
surface and material modifications 
caused by laser drilling of AlN 
ceramics Appl. Surf. Sci. 254/4 893-7 
IF (1.263) 

23. Dikovska A Og, Atanasov P A, 
Andreev A Ts, Zafirova B S, 
Karakoleva E I and Stoyanchov T R 
2007 ZnO thin film on side polished 
optical fiber for gas sensing 
applications Appl. Surf. Sci. 254/4 
1087-90. IF (1.263) 

24. Koleva M E, Atanasov P A, 
Nedialkov N N, Fukuoka H and Obara M 
2007 Role of vanadium content in 
ZnO thin films grown by pulsed laser 
deposition Appl. Surf. Sci. 254/4 
1228-31 IF (1.263) 

25. Stankova N E, Dimitrov I G, 
Stoyanchov T R and Atanasov P A 
2007 Optical and gas sensing 
properties of thick TiO2 films grown 
by laser deposition Appl. Surf. Sci. 
254/4 1268-72 IF (1.263) 

26. Andreev A Tz, Zafirova B S, 
Karakoleva E I, Dikovska A Og and 
Atanasov P A 2008 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. 
10 035303 IF (1.295) 

27. Dimitrov I G, Dikovska A Og, 
Atanasov P A, Stoyanchov T R and 
Vasilev T 2008 Al doped ZnO        
thin films for gas sensor application          
J. Phys. Conf. Ser. 113 
doi:10.1088/1742-6596/113/1/012044, 
012044 

28. Atanasov P A, Nedialkov N N, 
Amoruso S, Bruzzese R and Wang X 
2008 Ultrashort laser ablation of 
nickel in vacuum: material relaxation 
and nanoparticles generation C.R. 
Acad. Bulg. Sci. 61/7 863-70 

29. Sakano T, Tanaka Y, Nishimura R 
Nedyalkov N N, Atanasov P A, Saiki T 
and Obara M 2008 Surface enhanced 
Raman scattering properties using Au-
coated ZnO nanorods grown by two-
step, off-axis pulsed laser deposition  
J. Phys. D: Appl. Phys. 41/23 235304 
IF (1.957) 

 
Citations during last 3 years: 52 
publications have been cited 185 times.
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EMIL DJAKOV INSTITUTE OF ELECTRONICS 

BULGARIAN ACADEMY OF SCIENCES 
 

LAUREATES 
ACADEMICIAN DJAKOV AWARD 2009 

 
 
 
 

The Scientific Council of the Emil Djakov Institute of Electronics awarded the 2009 
Academician Emil Djakov annual award for research in the fields of physical 
electronics, quantum electronics and radio science to 
 

Assoc. Prof. Dr. Stefka Kartaleva 
Assoc. Prof. Dr. Sanka Gateva 
Dr. Dimitar Slavov 
Res. Kapka Vaseva 
Res. Petko Todorov 
Res. Nikolay Petrov 

 
 
For the results of the studies on 
 
New narrow resonances in alkali vapor layers of thickness varied from centimeters and 
nanometers. 
 
Published in 
 
1. Gozzini S, Cartaleva S, Lucchesini A, 

Marinelli C, Marmugi L, Slavov D 
and Karaulanov T 2009 Coherent 
population trapping and strong 
electromagnetically induced transparency 
resonances on the D1 line of potassium 
Eur. Phys. J. D 53 153-61 

2. Gozzini S, Slavov D, Cartaleva S, 
Marmug L and Lucchesini A 2009 
Analysis of high efficiency 
electromagnetically induced transparency 
in potassium vapor Acta Physica 
Polonica A 116 489-91 

3. Gozzini S, Cartaleva S, Karaulanov T, 
Lucchesini A and Slavov D 2009 
Coherent population trapping on the 
second resonance line of potassium  
Acta Physica Polonica A 116 492-4 

4. Belfi J, Bevilacqua G, Biancalana V, 
Cartaleva S, Dancheva Y, 
Khanbekyan K and Moi L 2009 Dual 
channel self-oscillating optical 
magnetometer J. Opt. Soc. Am. B 26 
910-16 

5. Biancalana V, Cartaleva S, Dancheva Y, 
Gosh P N, Mariotti E, Mitra S, Moi L, 
Petrov N, Ray B, Sarkisyan D and 
Slavov D 2009 Population loss in 
closed optical transitions of Rb and Cs 

atoms confined in micrometric thin 
cells Acta Physica Polonica A 116 
495-7 

6. Cartaleva S, Saltiel S, Sargsyan A, 
Sarkisyan D, Slavov D, Todorov P 
and Vaseva K 2009 Sub-Doppler 
spectroscopy of cesium vapor layers 
with nanometric and micrometric 
thickness J. Opt. Soc. Am. B 26/11 
1999-2006 

7. Vaseva K, Todorov P, Cartaleva S, 
Slavov D and Saltiel S 2009 
Investigation of the fluorescence 
spectra of Cs-vapor layers with 
nanometric thickness Acta Physica 
Polonica A 116 573-5 

8. Krmpot A J, Ćuk S M, Nikolić S N, 
Radonjić M, Slavov D G and Jelenković B M 
2009 Dark Hanle resonances from 
selected segments of the Gaussian 
laser beam cross-section Optics 
Express 17/25 22491-98 

9. Kowalski K, Long V C, Viet H N, 
Gateva S, Głódź M and Szonert J 2009 
Simultaneous coupling of three hfs 
components in a cascade scheme of 
EIT in cold 85Rb atoms J. Non-Cryst. 
Solids 355 1295-1301 
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EMIL DJAKOV INSTITUTE OF ELECTRONICS 

BULGARIAN ACADEMY OF SCIENCES 
 

LAUREATES 
ACADEMICIAN DJAKOV AWARD 2009 

 
 
 
 

 
 
The Scientific Council of the Emil Djakov Institute of Electronics awarded the 2009 
Academician Emil Djakov annual award for research in the fields of physical 
electronics, quantum electronics and radio science to 
 

Prof. Dr.Sc. Georgy Mladenov, 
Corresponding member of BAS 

 
For publishing the monograph entitled 
 
Electron and Ion Technologies 
(2009, Prof. M. Drinov Publishing House, Sofia, Bulgaria) 
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