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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 to conduct research and education as well as
dissemination of scientific knowledge in the fields of physical electronics, 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 Bulgarian
Academy of Sciences and in Bulgaria.

Throughout several decades of its history the activities of the Institute have been
expanded toward fast developing fields of applied physics and engineering such as high tech
material and manufacturing, nano science, photonics, optoelectronics, quantum optics,
environmental monitoring, laser biomedical research and applications.

Key research areas:
The investigations in physical electronics are focused on the generation and control of

electron and ion beams and in particular 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.
Fundamental gas and plasma properties are studied, and techniques are developed for plasma-
assisted formation of thin films and coatings, and realization of plasma-chemical processes.

The research in quantum electronics includes: experimental and theoretical studies of the
interaction of laser radiation with matter; 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; laser bio-medical
research and applications.

The research in radio sciences is concentrated on studying the processes of propagation,
scattering and generation of electromagnetic waves in the visible, infrared and microwave
ranges for laser radar remote sounding and monitoring of the atmosphere, microwave and
optical radiometric sensing of the Earth surface, modeling the interaction of waves with
dynamic media, detection and signal processing techniques for extraction and interpretation
of the information, nonlinear processes in optical communication media.

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, installation for electron beam melting and
welding as well several advanced e-beam, laser and plasma high technologies are
successfully developed.

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.
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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
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HEAD: Corresponding Member of BAS G. Mladenov, Dr.Sc.
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LASER SYSTEMS
HEAD: Assoc. Prof. N. Mihailov, Ph.D.
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PHYSICAL TECHNOLOGIES - SLIVEN
HEAD: Assoc. Prof. R. Enikov, Ph.D.



     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: 10
RESEARCH SCIENTISTS: 6

M. Mladenov; P. Georgiev; V. Varbanova; Ts. Valchovska; Pl. Petkov; Zh. Dimitrova.

RESEARCH ACTIVITIES:

1. Ion beam modification

Using detailed calculation with full
damage cascades, part of the SRIM 2003
software package, we performed computer
simulations of experiments planned to be
conducted in the laboratory.

The changes were modelled that occur
in layers of Ta2O5 prepared by electron-
beam evaporation or ion-assisted electron-
beam evaporation following irradiation by
400-eV Ar ions, with the purpose of
improving the layers� optical
characteristics.

An analogous experiment was also
modelled, but with a thin oxide film
deposited on the Ta2O5 layer. Following
the oxide film deposition, the surface is
bombarded by 400-eV Ar ions, in view of
improving the Ta2O5 stoichiometry,
together with the improvement of its
optical characteristics.

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 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
easily. D-values and enhancement factors
were tabulated for relevant elements and
for n=1 to 4, using thee 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
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enhancement factors fall between 1.03 and
1.47, with average 1.11.

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

Using an IBAD technique, Ta2O5 were
deposited on Si substrates. During the
deposition, certain process parameters
were controlled. The layer composition
was monitored by XPS. A study of the
influence of the partial pressure on the
properties of the in-situ mass-spectrometer
analysis is under way.

In order to determine the Ta2O5
sorption ability to NH3, a quartz crystal
microbalance (QCM) with thin Ta2O5
layers was investigated. The Ta2O5 film
was used as a receptor for the NH3 gas.
The quartz resonators created on an AT-
cut with frequency of 14 MHz were used
to transform the additional mass loading,
as a result of sorption, into a frequency
shift. The experiments were carried out by
measuring the QCM resonance frequency
shifts over aqueous solution of NH3 with
different concentrations from 10 ppm to
10000 ppm.

The experimental results obtained
indicated that the resonance frequency
varied depending on the ammonium
concentrations and Ta2O5 thickness. It was
also found that the process of sorption is
reversible.

It could be concluded that a QCM
covered with a thin Ta2O5 layer is
sensitive to ammonium vapor at room
temperature and has the ability to
distinguish between different NH3
concentrations in the range investigated. 

On the basis of an improved physical
model of a hot filament ionization system
in a magnetic field, a mathematical model
of an ionization gauge for UHV
measurements as a controlled device was
proposed and efficient feedback emission
control was implemented.

A load disturbance was efficiently
simulated through the changes of a space
charge by means of applying different
magnetic fields axially with respect to the
electrode system.
In the cases of an open loop and closed
loop control system, experimental results
were obtained when the disturbance is a
gas flow; optimal transient responses were
achieved.

PUBLICATIONS:

1. Todorova Z, Donkov N, Ristic Z, Bundaleski N, Petrovic S, Petkov M,
Electrical and optical characteristics of Ti2O5 thin films deposited by electron-beam vapor
deposition,
Plasma Processes & Polymers 2006;3/2:174-178.

2. Georgieva V, Spassov L, Donkov N, Petkov P, Atanassov M,
Detection of NH3 by quarz-crystal microbalance coated with Ta2O5,
Plasma Processes & Polymers 2006;3:209-213.

ONGOING RESEARCH PROJECTS:

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.
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COLLABORATIONS:

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

Ion implantation for nano-technology applications,
Research Center Rossendorf, Germany.

Ion implantation for nano-technology applications,
University of Edmonton, Canada.
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LABORATORY

PLASMA PHYSICS AND ENGINEERING

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

TOTAL STAFF: 12
RESEARCH SCIENTISTS: 8

Prof. L. Zarkova, Dr.Sc.; Prof. G. Vissokov, Dr.Sc.; Assoc. Prof. R. Enikov, Ph.D.;
Assoc. Prof. N. Guerassimov, Ph.D.; Assoc. Prof. D. Oliver, Ph.D.;

Assoc. Prof. E. Balabanova, Ph.D.; M. Damyanova; E. Vasileva.
Ph.D. students: J. Alexieva; M. Dimitrova.

RESEARCH ACTIVITIES:

1. Fundamental processes in gases at
high temperatures 

Recently, the interest in the transport
properties of the perfluorocarbons (PFC's)
has grown noticeably. The reason is not
only the wide application of these gases in
semiconductor and CVD manufacturing
but also the fact of their accumulation in
the atmosphere. The global warming
potential of C2F6 is almost as high as that
of CO2 and this is why it has been
included in the Kyoto protocol as a
greenhouse gas. We have determined the
potential parameters (PP) of the (n-6)
Lennard Jones temperature-dependent
potential (LJTDP) for C2F6 following our
procedure used earlier for e.g. the noble
gases, globular gases as well as small
alkanes. The PP are obtained by fitting the
LJTDP to a set of 50 experimental data
points determined in the temperature range
between 180 and 475 K. Our present
results are: potential well depth ε/kB =
470.51(3) K, equilibrium distance Rm =
5.09(41)×10-10m, repulsive parameter n =
132.9(1.2) and enlargement of the first
vibrationally excited level δ = 0.31(1) ×10-

12m. This parameter set is able to
reproduce the available experimental
results of viscosity η, second pVT and
acoustic virial coefficients B and β with a

mean deviation of 1.024 experimental
errors. 

An invited report "Hexafluoroethane
(C2F6, R116) - Intermolecular Interaction
Potential and Thermophysical Properties"
was presented at XVI Symposium on the
thermophysical properties, Colorado 2006.

2. Plasma chemical processes

A plasmachemical installation,
operating under the hidden anode scheme,
was built and used for the preparation of
carbon nanostructures. The resulting
carbon nano-structures are caught by a
filter and collected in a bunker. The
particles produced have a nano-size and a
diameter of 10 - 15 nm. In the powders
produced, the fullerenes and the nanotubes
predominate. A fiberglass carbon with
various shapes such as flat flakes, cluster-
like and spherical shape occur. The
samples were examined via TEM, SEM
and an X-ray phase analysis. In a 200 000
scale magnification, the fullerenes and the
nanotubes are seen, with most of the
nanotubes being clogged at both their ends
by a fullerene. The outer diameter of the
tube is 10 nm, the inner one is 2 nm and
the total length is 50 nm. 

The physical-chemical properties and
characteristics were investigated of
plasma-chemically produced nano-
dispersed nitrides � Si3N4, AlN and TiN.
The nitrides of Al, Si and Ti have high
hardness, thermal stability and wear
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resistance and corrosion resistance, and
low electric resistance. The plasma-
chemical preparation of the powders was
carried out in low-temperature plasma
created by means of a high-current electric
arc. The raw materials used were the
metals or their compounds (chlorides,
sulfides, nitrates, etc.), which react with
the nitrogen in the plasma volume. The
particles shape is determined by the
thermodynamic conditions of formation of
the compounds involved. The
thermodynamic investigations of the
preparation of AlN, TiN and Si3N4 were
carried out in the temperature interval
1000 � 6000 K. The powders prepared
were characterized by X-ray diffraction,
transmission electron microscopy,
emission spectral analysis and chemical
analysis. The specific surface area was
measured using the BET technique
through the adsorption-desorption of
nitrogen. The high degree of dispersity and
the complex morphology of the nanosized
powders lead to changes in their chemical
properties as compared with the coarsely
dispersed nitrides. The small size of the
particles has the effect of reducing the
temperature of oxidation and,
consequently, their stability in air and to
acids and bases. The high dispersity and
homogeneity of the composite powders
ensure the synthesis at lower temperatures
of ceramics with very good parameters.

In comparison to the conventional
waste destruction processes, the thermal
plasma treatment is more expensive in
most cases but gives rise to possibilities
for waste utilization. Competitive new
plasma technologies generate valuable
products as well. We carried out
thermodynamic analysis in the conditions
of low-temperature plasma (air, nitrogen
and argon plasma in the temperature range
1 000 - 3700 K) for the cases of natural
phosphate, phosphogypsum, pyrite
flotation waste from enrichment of copper
ores and of systems consisting of these
compounds. The analysis proved the
possibility to obtain different desired

products. The data obtained by means of
this thermodynamic analysis can be used
to plan investigations on plasma-chemical
processing of the systems considered.

The studies carried out in collaboration
with the German Aerospace Center (DLR),
about La (La, Sr) manganite synthesis
under thermal plasma conditions were
completed. The investigations revealed a
good agreement between the theoretical
predictions about the formation of
perovskite type structures and the
experiments. 

Investigations concerning the fractal
structure of ultrafine silica powders were
performed in cooperation with the Institute
of Physical Chemistry, Romanian
Academy of Sciences. The fractal analysis
is based on TEM micrographs of the
samples. It was found that the powders are
characterized with aggregate structures.
The results obtained were presented at the
International Conference on Physical
Chemistry, Romphyschem 12, held in
September 6-8, 2006, in Bucharest,
Romania.

3. Electric arcs and arc plasma torches 

A. Results of experiments on arc
plasma interaction with a magnetic field
and a wall of special configuration have
recently been reported (2005, University
of Liverpool). An atmospheric pressure arc
was produced by an AC current waveform.
Due to the Ampere force the arc column
assumed a convoluted helical shape. Upon
current zero, acceleration of ruptured
plasma clouds was observed. 

This newly observed phenomenon of
plasma propulsion is explained in terms of
the balance between Ampere force and gas
pressure as well as in terms of a gas-
dynamical, self-scale analysis based on
Sedov's theory. 

B. In recent years, we extended the
chromaticity-based diagnostic technique to
produce a means for monitoring the
geometrical properties of a plasma jet,
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such as position, width and deviation from
circular cross-section. A high-speed digital
video camera was used to produce images
of electric arc plasma jets in atmospheric
environment. The analysis of the images
demonstrated the potential of chromatic
processing to extract important
information about the plasma processes,
which is essential in controlling the quality
of the coatings deposited by plasma
spraying. 

4. Diagnostics of DC gas discharges at
intermediate pressures 

Langmuir probes are known for their
ability (using Druyvesteyn's formula) to
provide local measurements of important
plasma parameters: plasma potential Upl,
electron density n and electron energy
distribution function (EEDF). 

The fitting parameters are the
temperature, the plasma potential and the
concentration. The best fit with the
experimental results was sought using the
second derivative probe characteristics at a
relatively high probe potential to evaluate
the temperature of the electrons. The
results of the model calculations with this
temperature were fitted to the experimental
curve using its maximum at low probe
potentials. The plasma potential is
evaluated by shifting the model curve
along the U-axis, while the electron
density was estimated by multiplying the
model data by a coefficient to achieve the
best fit.

The measurements were performed in
a 0.17 m diameter discharge chamber in a
multi cathode � common anode system.
The Upl, n and EEDF in the negative glow
and Faraday dark space, in radial and axial
directions, were investigated.

PUBLICATIONS:

1. Zarkova L, Hohm U, Damyanova M,
Viscosity, second pVT -virial coefficient and diffusion of pure and mixed small alkanes CH4,
C2H6, C3H8, n-C4H10, i-C4H10, n-C5H12, i-C5H12, and C(CH3)4 calculated by means of an
isotropic temperature-dependent potential. I. Pure alkanes,
JPCRD 2006;35/3:1331-1364.

2. Hohm U, Zarkova L, Damyanova M,
Thermophysical properties of low density neat alkanes and their binary mixtures calculated
by means of an (n-6) Lennard-Jones temperature-dependent potential, 
Int J Thermophys 2006;27/4:1725-1745.

3. Djakov BE, Enikov R, Oliver DH, Hrabovsky M, Kopecky V,
Chromatic monitoring of D.C. plasma torches: the latest developments,
Plasma Processes and Polymers 2006;3/2:170�173.

4. Djakov BE, Oliver DH, Enikov R, Vasileva E,
A simple optical monitoring technique for determining the geometrical characteristics of a
plasma jet,
Plasma Processes and Polymers 2006;3/2:160�164.

5. Popov TK, Dimitrova M, Dias FM, Tsaneva VN, Stelmashenko NA,
Blamire   MG,    Barber    ZH,
Second derivative Langmuir probe diagnostics of gas discharge plasma at intermediate
pressures,
J Phys: Conf Series 2006;44:60-69.
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6. Dimitrova M, Popov TK, Todorov J, Naydenova TG,
Second derivative Langmuir probe measurements in Faraday dark space in argon DC gas
discharge at intermediate pressures, 
J Phys: Conf Series 2006;44:169-174.

7. Popov TK, Kovachev H, Dimitrova M, Mitov M,
A computerized experimental set-up for second derivative Langmuir probe measurements,
J Phys: Conf Series 2006;44:191-195.

8. Balabanova E, Muller M, Ruckdaeschel R,
Possibility of Sr doped La-manganite perovskites formation by thermal plasma CVD method,
Nanoscience & Nanotechnology, Balabanova E, Dragieva I (Eds), Heron Press, Sofia,
2006;6:11-15.

9. Vissokov GP,
On the increased chemical activity and the passivation of nanodispersed powders synthesized
in thermal plasma,
Nanoscience & Nanotechnology, Balabanova E, Dragieva I (Eds), Heron Press, Sofia,
2006;6:58-62.

10. Ouzounov K, Grancharov I, Vissokov G, Brakalov L,
Thermodynamic investigation of systems consisting of mineral raw materials and wastes in a
plasmachemical treatment,
Nanoscience & Nanotechnology, Balabanova E, Dragieva I (Eds), Heron Press, Sofia,
2006;6:16-22.

11. Shpanin LM, Turner DR, Humphries JE, Spencer JW, Jones GR, Djakov BE,
Formation and propulsion of an atmospheric pressure plasma ring
Proc 16th Int Conf Gas Discharges and Appl, Xian, China, Sept 2006, paper A02.

12. Djakov BE, Vasileva E, Oliver DH, Enikov R,
A study of nozzle shapes for plasma spraying, 
Proc 13th Workshop on Plasma Technology, Ilmenau, Germany, June 2006, pp 1�5.

13. Guerassimov N, Möller W,
VEIT 2005,
Plasma Processes and Polymers 2006;3/2:99.

14. Guerassimov N, Möller W (Eds),
Highlights from the 14th international summer school on vacuum, electron and ion
technologies,
Plasma Processes and Polymers 2006;3/2:87-261.

15. Guerassimov N, Ghelev C (Eds),
Institute of Electronics Annual Report 2005:1-118.
Institute of Electronics, Sofia, Bulgaria, 2006.
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CONFERENCES:

1. Zarkova L, Hohm U, Damyanova M,
Hexafluorethane (C2F6, R116) - intermolecular potential and thermophysical properties,
16-th Int Symp on Thermophysical Properties, August 2006, Boulder, USA.

2. Djakov BE, Vasileva E, Oliver DH, Enikov R,
A study of nozzle shapes for plasma spraying,
13th Workshop on Plasma Technology, June 2006, Ilmenau, Germany.

3. Balabanova E,
Synthesis of nanostructured materials by means of thermal plasma. Modelling of the
processes,
Intl Conf Physical Chemistry, Romphyschem 12, September 2006, Bucharest, Romania.

4. Dobrescu G, Balabanova E, Zaharescu M, Ionescu NI,
TEM micrographs fractal analysis of silica powders,
Intl Conf Physical Chemistry, Romphyschem 12, September 2006, Bucharest, Romania.

COLLABORATIONS:

Monitoring of plasma jets for material processing,
Institute of Plasma Physics, Czech Academy of Sciences, Prague, Czech Republic.
Investigation on the intermolecular potentials by means of Lennaed-Jones temperature
dependent potential,
Institut fur Physikalische und Theoretische Chemie der TU Braunschweig, Germany.

LECTURE COURSES:

Inorganic chemistry, General and Inorganic Chemistry,
College of Mining and Geology, Kardjaly, Bulgaria.
Fundamentals of catalytic processes, Equipping and design of chemical enterprises,
University of Chemical Technology and Metallurgy, Sofia, Bulgaria.
Plasma diagnostics, Gas discharge plasma sources, Plasma technologies,
University of Sofia, Sofia, Bulgaria.
Elementary applied physics, Introductory mathematics,
American University in Bulgaria, Blagoevgrad, Bulgaria.

LABORATORY VISITS:

L. Zarkova, University of Braunschweig, Germany, 01.05 � 01.08.2006.
E. Balabanova, 5th COSENT Meeting, Bucharest, Romania, 6-8 Sept 2006.
B.E.Djakov, Technical University Ilmenau, Germany, 20.06 - 5.07.2006.

GUESTS:

Prof. G. Jones, Department of Electrical Engineering and Electronics, University of
Liverpool, Liverpool, UK.
O. Chumak, Institute of Plasma Physics, Czech Academy of Sciences, Prague, Czech
Republic.
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LABORATORY

PHYSICAL PROBLEMS OF ION TECHNOLOGIES

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

TOTAL STAFF: 6
RESEARCH SCIENTIST: 5

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

RESEARCH ACTIVITIES:

I. High-order harmonic generation from
inhomogeneous high-Tc super-
conducting films

Generation of harmonics in different
materials and devices subjected to
sinusoidal driving field is a phenomenon
of steady interest. When an intense
electromagnetic field interacts with matter
in a nonlinear way, coherent radiation is
emitted at frequencies that are multiples of
the applied frequency. Usually the
nonlinearity of the exposed material (or
device) is small, therefore only harmonics
with low order are observed. However,
there exist processes like the high optical
harmonic generation, where harmonics in
excess of 100th order have been detected.
The mechanism of high harmonic
generation is still not understood in detail.
It involves the cooperative response of the
media to the radiation at high order of
nonlinearity.

The generation of high-order
harmonics from inhomogeneous ion
implanted YBCO films was investigated
by monitoring its response to an
alternating magnetic field. These
harmonics are generated because of the
high nonlinearity caused by sudden
magnetic flux penetration above the first
critical field. Harmonics up to 100th and
interference effects were observed.

We investigated the high order
harmonic generation in high-Tc
superconducting films. We explained this

phenomena as a result of the sudden
penetration of magnetic flux vortices if the
first critical field Hc1 is exceeded, which
causes series of ��sparks�� of the magnetic
flux in time. Their Fourier transformation
gives a comb of odd harmonics. We found
that the harmonic generation can be
influenced by the ion implantation of the
samples.

While in homogeneous unimplanted
samples the amplitudes of the high
harmonics decrease monotonically with its
number, in inhomogeneous implanted
samples we observed up to 100 harmonics
and interference effects.

These measurements demonstrate a
possible new technique for determination
of superconducting film homogeneity.

We beleive that these results can be
used in superconducting electronic
devices, if one succeeds to observe it at
microwave frequency, where high
frequency power oscillators and frequency
converters are needed.

II. Electrical properties of (a-C:H)/Si
and (a-C:H)/Ti heterostructures

Hydrogenated amorphous carbon (a-
C:H) is a semiconductor with a band gap
which can be easily varied between
approximately 1 eV and 2.2 eV. Therefore
this material is interesting for electronic
applications. The possible applications of
a-C:H thin films for electronic devices are
based on the well-known electrical
properties of various heterojunctions
which include such films. We report here
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the results of our investigation of the
electrical properties of (a-C:H)/Si and (a-
C:H)/Ti heterostructures. 

The deposition of a-C:H films was
carried out in a parallel-plate DC PECVD
reactor. The films were deposited at a DC
voltage of 1 kV and at 5.10-2 Torr from a
mixture of benzene and argon. The
deposition was carried out for 30 min. and
the thickness of the films was about 160
nm. The films were deposited on 4-7 Ω.cm
<100> p-Si or on titanium (It) films. The
Ti electrical contacts were deposited by
DC magnetron sputtering.

The current-voltage (I-V), capacitance-
voltage (C-V) and conductance-voltage
(G-V) characteristics of the
heterostructures were measured. 

No theory has so far been developed
that can give a satisfactory description of
the electrical properties of heterostructures
with amorphous thin films of low
conductivity, where the predominant
mechanism of charge transport is hopping
of charge carriers among localized states,
as was found to be the case in amorphous
carbon thin films.

The electrical characterization of the
Ti/(a-C:H)/Ti structure is indicative of a
bulk-limited Schottky conduction
mechanism in the a-C:H film and can be
attributed to sp2 rich regions. The structure
did not exhibit Schottky barrier formation.
The sp2 assumption is based on the method
of fabrication (the enhanced temperature
during magnetron deposition of the
circular Ti dots on top of the a-C:H layer
leads to graphitization of its surface). The
C-V characteristic which exhibits an
increase in the capacitance with the
voltage applied is another indication of the
absence of a Schottky junction whose
depletion layer (if present) would cause
just the opposite dependence (a decrease
of the capacitance with the applied
voltage). 

The analysis of the I-V characteristics
of a Ti/(a-C:H)/Si heterostructure shows
that the rectifying behavior strongly
depends on the applied voltage. At lower

voltages, the conduction is usually limited
by the (a-C:H)/Si. At higher voltages, the
conduction becomes limited by the bulk
resistance of the a-C:H film. The change
of the slope of the C-V characteristic can
be explained by a non-uniform distribution
of the effective concentration of the charge
carriers in the bulk of the a-C:H film. 

III. A method for depositing gold
nanoclusters with a narrow size
distribution

Generation of monodispersed and
isolated nanoclusters from different
materials remains up to now a challenging
problem. 

From the great variety of physical
methods for producing nanoclusters,
considerable attention has been recently
paid to magnetron sputtering due to its
versatile technological possibilities. The
magnetron sputtering has the advantage
that it can be applied to almost any
material, while the thermal evaporation
methods are limited to materials with low
boiling points only. Moreover, employing
reactive sputtering, nanoclusters from
oxides, nitrides, carbides and other
compounds can be produced.

Magnetron systems with continuously
controllable unbalance ratio offer even
more possibilities in this respect. The basic
advantage of these magnetrons proposed
by Savvides and Window is their
capability to ensure precise control of ion
assistance during the cluster growth
through magnetic field generated by an
external and/or internal solenoid. 

In our study, a magnetron with an
internal solenoid was used. The
investigations carried out showed that the
precise control of the ion assistance is of
utmost importance for producing
nanoclusters with a narrow size
distribution.

A method for depositing gold
nanoclusters with a narrow size
distribution was proposed. The clusters
were prepared in two steps: namely,
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deposition of ultra thin gold oxide films
and subsequent film decomposition to
elemental gold. The gold oxide films were
deposited by magnetron sputtering of a
gold target in oxygen atmosphere. Due to
the instability of gold oxide, the films
spontaneously decomposed to elemental
gold after short storage at room
temperature. In this way, gold clusters

with a narrow size distribution and a mean
size of about 3 nm were obtained, while
the cluster-to-cluster distance was nearly
twice as large. 

The gold nanoclusters thus deposited
could find various promising applications
in the optics, microelectronics and
medicine.
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LABORATORY

PHYSICAL PROBLEMS OF ELECTRON BEAM TECHNOLOGIES

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

TOTAL STAFF: 19
RESEARCH SCIENTISTS: 15

Assoc. Prof. K. Vutova, Ph.D.; Assoc. Prof. P. Petrov, Ph.D.;
Assoc. Prof. S. Sabchevski, Ph.D.; Assoc. Prof. V. Vassileva, Ph.D.;

Y. Gueorgiev, Ph.D.; E. Koleva, Ph.D.; M. Beshkova , Ph.D.; M. Petkov, Ph.D.;
Ch. Georgiev; P. Vlaev; M. Kardjiev; T. Nikolov; E. Georgieva; S. Velinova; D. Mollov.

1. Electron and ion beam lithography

An integrated mathematical model was
developed for simulation of the processes
during electron and ion lithography. The
package of computer programs, utilizing
Monte-Carlo techniques, was applied to
the estimation of the adsorbed energy and
for obtaining the developed profiles in the
resist layer, in the region of microstructure
images with critical dimensions under 250
nm. The development models and the
graphical outputs of the commercial
computer code "SELID" were integrated in
the package with our module for resist
image development. 2D and 3D images of
the developed resist profiles were created.
These microstructures on Si and YBCO
were experimentally confirmed, after
optimization by computer simulation. The
comparison between the experimental and
the simulated results shows a good
potential to apply the model and the code
for predicting microstructures with
dimensions below 250 nm. 

A supercritical resist drying process for
hydrogen silsesquioxane using CO2 was
investigated in collaboration with German
scientists. Structures with high aspect ratio
were obtained and the great potential of
the process studied was shown for
application to high resolution dense
structures due to the elimination of the
surface tension of the drying fluid.
Another advantage of the process

developed is the significant reduction of
the surface roughness in comparison with
conventional rinsing and drying sequence
using nitrogen blow.

2. Electron beam melting and refining
of metals in vacuum

The factors were explored that control
the behavior of alloy components and
impurity concentrations during electron
beam melting and refining (EBMR) of
refractory metals (W, Mo and Ta) and
reactive ones (Ti). Experimental and
calculated results on EBMR of these
metals were presented. The experiments
were carried out using 60 kW and 250 kW
EBMR plants. The conditions for
purification of these metals were
optimized. For this purpose, we calculated
the temperature distributions in re-melted
and cast metal, as well as the processes of
mass transfer and evaporation of every
component during the process. It was
shown that the distillation of the metal
component is not in strong co-relation with
the theoretical data for their vapor
pressures. The inversion is explained
mainly by the differences in the
component concentrations in the raw
material. Other limiting factors, such as
the diffusion of components, and the role
of the ratio between the reaction surface
area and the liquid metal volume were also
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taken in account. We demonstrated that at
super-heating of the molten bath the base
metal losses increase, which is
accompanied by accelerated vaporization
of the alloy components and impurities.
The refining of non-metallic impurities
and solved gases is implemented by
degassing, distillation or via chemical
interactions. The solved gases (oxygen,
nitrogen and hydrogen) have
concentrations corresponding to the
thermodynamic equilibrium and the
formation of a stable compound (oxide,
nitride or hydride).

It was shown that bound oxygen is
reduced mainly through evaporation of the
sub-oxides of the base metal or of the
easily vaporized and unstable at
superheating temperatures oxides of the
metal components that are characterized
by high affinity to oxygen. Nitrogen is
removed in a similar way.

The use of several sequential re-
melting procedures instead of one
prolonged refining process at EBMR of
refractory and reactive metals result in
segregation of oxides produced via
chemical reactions and floatation of
inclusions during the next melting
procedure.

It is known that during EBMR of
refractory metals the molten bath is
shallow and plays a decisive role in the
segregation of components, while the
density of the preformed metal ingot is
predominantly affected by the distribution
of the input power and the trajectory of the
beam on the molten metal surface of the
cast ingot.

3. Ion beam modification of materials

Ion implantation in plasma immersed
samples has been applied to surface
modification of inner or outer surfaces of
3D metallic and plastic samples, for
sterilization of medical instruments, etc.
Experimental investigation was carried out
of the energy distribution of ions generated

during a plasma-based ion implantation
process using self-excited N-plasma. The
plasma is generated as a result of the
application of negative high voltage on an
isolated electrode supporting the modified
sample. In our case we used an additional
silicon sample, which was analyzed after
ion bombardment by SIMS to estimate the
depth-profile of the implanted N
concentration. Namely, at layer-by-layer
ion etching of the Si target the
bombardment of the Si crater surface with
2-kV Cs ions permits one to measure N-
signal each time. The experimental
conditions of the plasma-immersed-ion
implantation studied were: gas pressure in
the technological chamber 2,4 Pa, pulse
voltage (peak) - 15 kV, pulse current
(peak) 3,5A, pulse width - 5 µs, pulse
repetition rate 300 pulses/sec and exposure
time 5 min. The energy distribution of the
implanted N ions, estimated by computer
simulation, is almost inversely
proportional to the square of the ion
energy (from 2 keV to the energy
corresponding to the voltage pulse peak).

4. Thin film deposition

Electron beam physical vacuum
deposition was used to fabricate CeO2 thin
films on silicon substrates at temperatures
in the 100 � 400 oC range. The effect of
the deposition parameters on the crystal
structure of CeO2 thin film grown by
electron beam deposition was investigated.
The CeO2 (200) peak was substantial at
substrate temperature 100oC. Increasing
the oxygen pressure favors the growth of a
film with this orientation. The beam
current only influences the intensity of the
CeO2 peaks. The particle size calculated
from XRD measurements was in the range
6 - 85 nm, indicating the nano-crystalline
nature of the films. The SEM image
confirmed that the mean grains size is 60
nm.

Epitaxial MgO thin films with (200)
orientation were successfully grown on
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Si(100) using EB deposition. An increase
of the substrate temperature up to 500 oC
at oxygen pressure of 1,5x10-2 Pa
improves the observed crystal structure,
which can be explained by the enhanced
mobility of the deposited species and
interaction with oxygen. The increased
peak (200) intensity at layer thickness of
200 nm can be due to a better in-plane
alignment. These properties make
promising the use of MgO films as buffer
layers for the subsequent growth of
oriented superconducting yttrium-copper
oxide films.

The effect was also studied of vacuum
and nitrogen ambient on the growth rate
and crystal structure of AlN layers
deposited by sublimation. We found that
the presence of nitrogen favors the growth
rate (70µm/h). The observation by optical
microscope revealed a hexagonal
symmetry that suggests epitaxial growth.
High resolution XRD and Raman
spectroscopy confirmed a better
monocrystalline wurtzite structure for
samples grown in nitrogen ambient.
Rutherford backscattering spectroscopy
showed a relative χmin parameter equal to
0.68, which confirms the former
conclusion.

5. Electron beam welding

The process of electron beam welding
of uniform and dissimilar materials was
studied. Data was accumulated for the
geometrical characteristics of EB welds in
stainless steel, in the cases joining steel 18
and steel 45, as well as stainless steel
(SST) and copper. The results were used to
study the relation between the process
parameters and the weld width and depth.
The mechanism of beam penetration was
discussed. The structural changes were
investigated of the weld and the heat
affected zone due to the thermal-
deformation cycle during EB welding of
R18/St45 seams. Metallographic
observation, hardness tests and tensile tests

were performed of the welds between SST
and copper. An important conclusion for
the former kind of seams was that the
welding depth must be equal to the sample
thickness in order to avoid stress
concentration. The beam must be directed
predominantly to either SST or Cu (and
not on the joining surface between these
two metals).

6. Computer simulation of powerful
gyrotrons for fusion research

In recent years, the development of
gyrotrons for a large and continuously
increasing number of applications in the
basic research and technologies is
attracting attention worldwide. Our
participation in this research field is
through the scientific cooperation and the
joint research projects of Assoc. Prof. S.
Sabchevski with leading institutions in
Japan, Russia, Germany and Switzerland.
In the papers published this year the
current status and underlying concepts are
presented of the work on a joint research
project (see below) between IE-BAS, FP
SU (Bulgaria), IHM-FZK (Germany) and
CRPP-EPFL (Switzerland). The project is
focused on modelling and simulation of
powerful gyrotrons for electron cyclotron
resonance heating and current drive of
magnetically confined plasmas in the
tokamak for the ITER project. The basic
requirements imposed on the next
generation of computer codes for
simulation of multimegawatt class
gyrotron tubes are formulated and
discussed as well. In the framework of the
cooperation between IE-BAS and the
Research Centre for Development of Far
Infrared Region at the University of Fukui,
Japan the preparation continued for the
development of novel unique submilimeter
gyrotrons for several new applications
(e.g. NMR/DNP spectroscopy) and a
Japanese patent for a new type of resonator
for frequency tuneable gyrotron was
applied for.
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Computer simulation of the processes of electron, ion and X ray irradiation of electron
materials,
Hiroshima Institute of Technology, Japan.

Synthesis, modification and characterisation of thin YBCO layers for IR detectors,
Research Center Rossendorf, Germany.
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beam melting and welding,
European school for advanced studies: Application of ionizing radiation in material studies,
University of Pavia, Italy.

Electron beam melting - equipment and technology,
Technical University of Sofia; Sofia, Bulgaria.
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LABORATORY

SUPERCONDUCTIVITY AND CRYOELECTRONICS

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

TOTAL STAFF: 8
RESEARCH SCIENTISTS: 5
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L.I. Neshkov; R.V. Todorovska; B.S. Blagoev.

RESEARCH ACTIVITIES:

I. Growing of manganite layers using
spray pyrolysis

Spray pyrolysis deposition on heated
up to 380 C° substrates of β-quartz, Si
(001), SrTiO3 (100) followed by an
appropriate annealing procedure was used
to prepare thin films of LaMnO3 and
La1-xCaxMnO3 manganites. The films
produced are characterized by a good
crystalline structure and good spatial
uniformity of the parameters; the LaMnO3
layers deposited on SrTiO3 (100)
substrates demonstrate a presence of
texture as well.

II. High harmonics of the response
signal of high temperature
superconducting (HTS) films to AC
magnetic field

High harmonics of the response signal
of high temperature superconducting
(HTS) films to spatially non-uniform time-
harmonic magnetic field were investigated
in the framework of a model developed in
the laboratory. The model was used for
evaluating the sensitivity of the harmonics
of the response signal to small changes in
the critical current density (such changes
could be caused by a change of the sample
temperature or by other more subtle
effects, such as, for example, the
suppression of superconductivity by
injection of spin-polarized electrons from
the ferromagnetic to the HTS thin film in
manganite/HTS layered structures), which

is important for the use of HTS films as
sensor elements. It was shown that the
maximal sensitivity of the 1-st and 3-rd
harmonics of the response signal to
changes in the critical current density is
observed at temperatures close to the
critical one.

The effect was investigated
experimentally as well, and the maximum
of the sensitivity of the above harmonics
of the response signal to changes of the
temperature was observed at a temperature
slightly lower than the critical one. The
results of these investigations should be
taken into account if the HTS film is to be
used as a bolometric sensor. 

A more universal criterion for
determining the critical current density of
superconducting films using contactless
methods was also proposed based on the
results obtained. 

III. Photo-catalytically active TiO2
layers

Uniform and spatially homogenous
TiO2 layers doped with gold nanoparticles
were deposited by means of spray
pyrolysis on the outer surface of quartz
tubes with dimensions ∅ 20x200 mm. The
absorption properties of these layers and
the degradation rate of their photocatalytic
properties in a water solution of oxalic
acid were investigated as well. It was
shown that the presence of ≈ 0,16 wt. %
Au in TiO2 layer increases the
photocatalytic  activity  of  the  layer  by  a
factor of two.
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IV. Semi-phenomenological model of
RF magnetron discharge

A semi-phenomenological model of a
RF-magnetron discharge was developed.
Using commonly accepted space charge
sheath models, the distribution was
calculated of the RF power between the
quasi-neutral plasma volume and the near-
wall layers. Using the least squares
method, the analytical formula obtained
for the total RF power dependence on the
self-bias voltage was fitted to the
experimental data. Dependences were thus
obtained of the discharge sustaining power
and of the power used to sustain the ion
bombardment of the walls on the self-bias
voltage generated by the discharge. The
latter gives a possibility to determine the
density of the ion current bombarding the
active electrode (the target being
sputtered), which is the main technological
parameter. The dependence of the power
spent to sustain the plasma on the input RF
power gives some information about the
relations between the different inelastic
collisions rates. This is substantial for
understanding the processes taking place
in the discharge.

V. Light activated bleaching of teeth

A compound for teeth bleaching,
which is activated by a LED lamp (max
450 nm), and the method of its application
were developed for the first time in
Bulgaria. The bleaching effect of the
compound is caused by oxidation and
reduction processes taking place within the
teeth hard tissues upon light activation of
the previously deposited compound. The
main advantages of the development in
comparison with the competitive
commercial products are: (i) lower
production cost, (ii) higher degree of
tissues sparing due to the comparatively
low concentration of H2O2, (iii) stability of
the bleaching compound, (iv) high rate of
the bleaching process (short time of teeth
treatment). The clinical tests of the

compound and the method of using it
developed show a very good bleaching
effect after a teeth treatment procedure
lasting about 8 min, while the
recommended treatment time for the
analogous commercial products is from 20
to 40 min. Absence of hyperaesthesia
(hyper sensitivity) of the patients to the
product is another advantage of the
development.

VI. HTS/CeO2/manganite heterostruc-
tures grown on standard and tilted
NdGaO3 substrates.

Heterostructures containing HTS
YBCO, dielectric CeO2 and ferromagnetic
manganite films (HTS/CeO2/manganite
structures) were grown on normally
oriented and on tilted (the tilt angle
between the crystallographic plane and the
substrate surface being 8°) NdGaO3
substrates in collaboration with the
Institute of Radio-Engineering and
Electronics of the Russian Academy of
Sciences, Moscow. 

The critical parameters of HTS YBCO
films in these sandwich structures were
lower than those of the single HTS YBCO
films. In spite of the presence of a CeO2
layer preventing an exchange of the
charges and spins between the manganite
and the HTS layers, the effective
microwave surface resistance (which
characterizes the microwave losses) of the
structure, measured at 77 K and 8 GHz,
was significantly higher than that of the
single HTS layers, measured under the
same conditions. This is due to the effect
of the ferrite layer, which introduces
additional microwave losses to the
structure, and to a possible lower quality
of the YBCO film grown in three-layer
sandwich structure. The normal sheet
resistance (measured at 295 K) and
effective surface resistance (measured at
77 K and 8 GHz) of the structures grown
on tilted substrates are characterized by
anisotropy in the plane of the structure.
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PUBLICATIONS:

1. Nurgaliev T, Blagoev B, Donchev T, Miteva S, Mozhaev PB, Mozhaeva JE,        
Ovsyannikov GA, Kotelyanskii IM, Jacobsen C, 
YBCO/manganite layered structures on NdGaO3 substrates,
J Phys: Conf Series 2006;43:329-332.

2. Markovich V, Vlakhov ES, Yuzhelevskii Y, Blagoev B, Nenkov KA, Gorodetsky G,
Electrical transport in strained La0.7Ca0.3MnO3 films,
Physica Status Solidi (c) 2006;3:61-64.

3. Petrova NL, Todorovska RV, Todorovsky DS,
Spray-pyrolysis deposition of CeO2 thin films using citric or tartaric complexes as starting
material,
Solid State Ionics 2006;177:613-621.

4. Iliev V, Tomova D, Todorovska R, Oliver D, Petrov L, Todorovsky D,
Uzunova-Bujnova M,
Photocatalytic properties of TiO2 modified with gold nanoparticles in the degradation of
oxalic acid in aqueous solution,
Applied Catalysis A: General 2006;313:115-121.

5. Todorovska R, Petrova N, Todorovsky D, Groudeva-Zotova S,
Spray pyrolysis deposition of LaMnO3 and La1−xCaxMnO3 thin films,
Appl Surf Sci 2006;252:3441-4348.

6. Todorovsky D, Todorovska R, Petrova N, Uzunova-Bujnova M, Milanova M,
Anastasova S, Kashchieva E, Groudeva-Zotova S,
Spray-pyrolysis, deep- and spin-coating deposition of thin films and their characterization,
J Univ Chemical Technology and Metallurgy, Sofia, Bulgaria 2006;41:93-96.

7. Todorovska R, Pavlova P, Todorov G, Dimitrov S,
Method of light-activated chemical bleaching of teeth,
Bulletin of Bulgarian Academy of Sciences, September 2006, pp 2-4 (in Bulgarian).

8. Nurgaliev T, Mateev E, Blagoev B, Miteva S, Neshkov N,
Investigation of contactless harmonic generation in superconducting nano-films,
Nanoscience & Nanotechnology, Balabanova E, Dragieva I (Eds), Heron Press, Sofia,
2006;5:101-103.

9. Blagoev B, Mateev E, Nurgaliev T,
Growing and characterization of YBCO/LSMO Structures,
Proc 8th Int Conf Electron Beam Technologies, June 2006, Varna, Bulgaria, 2006;2:30�38.

10. Nurgaliev T, Blagoev B, Mateev E, Miteva S,
Investigation of contactless bolometric response of HTS YBCO films,
Proc Nat Conf Electronika 2006, June 2006, Sofia, Bulgaria, pp 52-56.

11. Nurgaliev T, Mateev E, Miteva S, Blagoev B,
Metal-Oxide thin film heterostructures on tilted-axes substrates,
Academician Emil Djakov Institute of Electronics, Annual Report 2005;93-105.
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CONFERENCES:

1. B. Blagoev, E. Mateev, T. Nurgaliev,
Growing and characterization of YBCO/LSMO structures,
8th Int Conf Electron Beam Technologies, June 2006, Varna, Bulgaria,

2. T. Nurgaliev,
Numerical investigation of the surface impedance of ferromagnetic manganite thin films,
6th Int Conf Balkan Physical Union, August 2006, Turkey.

3. T. Nurgaliev, S. Miteva, B. Blagoev, E. Mateev, L. Neshkov, V. Strbik, S. Benacka,
S .Chromik,
HTS/Manganite Double Layer Structures,
6th Int Conf Balkan Physical Union, August 2006, Turkey.

4. T. Nurgaliev, B. Blagoev, E. Mateev, S. Miteva,
Investigation of contactless bolometric response of HTS YBCO films,
Nat Conf Electronika 2006, June 2006, Sofia, Bulgaria.

5. E. Mateev,
RF Magnetron Discharge Model Based on Power Balance,
2nd Int Workshop and Summer School on Plasma Physics, May 2006, Kiten, Bulgaria.

ONGOING RESEARCH PROJECTS:

Financed by the National Science Fund

F1503/05 Characteristics and application possibilities of sandwiches of HTS and magnetic
oxides in spinotronics (2005-2007).
VUX05/05 Photoluminescent properties of thin films prepared by incorporation of metal
complexes into SiO2�sol-gel matrix (2005-2008).
TN-1316 Nanocomposite materials for the polymer optics (2004-2006).
Financed by NATO Science for Peace Program
SfP977986 Fabrication and properties of porous electro and photo-catalytic films.

COLLABORATIONS:

Sandwiched structures based on cuprates, dielectrics and manganites: physical properties and
application,
Institute of Electrical Engineering, Slovak Academy of Sciences, Bratislava, Slovak
Republic.

LABORATORY VISITS:

Dr. E. Mateev,
Institute of Electrical Engineering, SAS, Bratislava, Slovak Republic, October 23 � 29, 2006.

GUESTS:

Prof. G. Ovsyannikov,
Institute of Radio Engineering and Electronics, RAS, Moscow, Russia � 2 days.

Dr. Zsolt Ozi,
Institute of Electrical Engineering, SAS, Bratislava, Slovak republic � 4 days.
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LABORATORY

GAS LASERS AND LASER TECHNOLOGIES

HEAD: Prof. P.A. Atanasov, Dr.Sc.

TOTAL STAFF: 12
RESEARCH SCIENTISTS: 11

M.E. Koleva, Ph.D.; N.N. Nedialkov, Ph.D.; S.D. Donchev Ph.D.,
T.R. Stoyanchov; S.E. Imamova; A.O. Dikovska; T.J. Stanimirova;

E.L. Pavlov; I.G. Dimitrov; N.E. Stankova; D.R. Milev.

RESEARCH ACTIVITES:

1. Pulsed laser deposition of thin films

1.1. Rare-earth doped active thin films

Thin films were grown on (001) SiO2,
SiO2/(100) Si or (100) MgO substrates by
laser ablation of neodymium-doped
potassium gadolinium tungstate
(Nd:KGW) single-crystal target at
temperatures between room temperature
and 750 °C and pressures of oxygen
ambient between 1×10−4 Pa and 50 Pa. The
influence was investigated of the
deposition conditions on the composition,
structure, morphology and electrical
properties of the films. Special attention
was paid to the films deposited in vacuum
(1×10−4 Pa) or at very low oxygen
pressures. Under these conditions, the
potassium (K), gadolinium (Gd) and
oxygen (O) content decreased strongly as
the temperature was increased. At room
temperature, the films were stoichiometric
with respect to K and O, in contrast with
Gd, whose concentration was twice as
high. The films were polycrystalline, with
the exception of those deposited at
temperatures below 500 °C, which were
amorphous. However, all were smooth and
dense. The films grown in vacuum and at
temperatures between 500 and 700 °C
consisted mainly of �β-tungsten� �
tungsten oxide (W3O) phase. The films

grown on SiO2/Si possessed the best
surface quality with nano-size relief. The
resistivity measurements as a function of
the temperature showed that the films
produced in vacuum and at temperatures
below 500 °C were highly insulating,
whereas at 600 °C they exhibited
semiconducting behavior or a metallic one
at 700 °C. This behavior can be attributed
to the existence of various valence states
for tungsten below W6+ in the films and to
their crystal structure.

Thin Er3+, Yb3+ co-doped Y2O3 films
were grown on (100) YAG substrates by
pulsed laser deposition. Ceramic targets
having different active ion concentration
were used for ablation. The influence was
investigated of the rare-earth content and
oxygen pressure applied during the
deposition on the structural, morphological
and optical properties of the films. The
films deposited at the lower pressure
(1 Pa) and at 1/10 Er to Yb doping ratio
were highly textured along the (111)
direction of the Y2O3 cubic phase. In
addition to the crystalline structure, these
films possessed smoother surface
compared to those prepared at the higher
pressure (10 Pa). All other films were
polycrystalline, consisting of cubic and
monoclinic phases of Y2O3. The rougher
surface of the films produced at the higher-
pressure resulted in higher scattering
losses and different behavior of the
reflectivity spectra. Optical anisotropy in
the films of less than 0.004 was measured
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regardless of the monoclinic structure
obtained. Waveguide losses of about
1 dB/cm at 633 nm were obtained for the
films produced at the lower oxygen
pressure.

Optically active Er3+:Yb3+ co-doped
Y2O3 films were produced on c-cut
sapphire substrates by pulsed laser
deposition from ceramic Er:Yb:Y2O3
targets having different rare-earth
concentrations. Stoichiometric films with
very high rare-earth concentrations (up to
5.5×1021 at cm-3) were obtained by using
low oxygen pressure (1 Pa) during
deposition, whereas the higher pressures
resulted in excess of oxygen in the films.
The crystalline structure of the
stoichiometric films was found to worsen
with the thickness. Their luminescence at
1.53 µm and the up-conversion effect was
studied by pumping the Yb3+ at 0.974 µm.
The highest lifetime value (up to 4.6 ms)
was achieved in films having Er
concentrations of ≈ 3.5×1020 at cm-3 and
total rare-earth concentration
≈ 1.8×1021 at cm-3. All stoichiometric films
showed no significant up-conversion,
irrespective of their rare-earth
concentration or crystalline quality.

1.2. Thin semiconductor metal oxide films
for gas sensors

The optogeometric properties of
various sensitive thin films involved in gas
sensing applications were investigated by
using the m-line technique and atomic
force microscopy. Variations of these
optical properties were studied under
butane and ozone exposure. The AFM
measurements showed low roughness for
all films, all of which exhibited low optical
anisotropy. The ZnO and Pd-doped SnO2
samples demonstrated a significant optical
response to low concentrations of butane
diluted in nitrogen and in air, down to
100 ppm at room temperature. These
materials are therefore good candidates for
active layers in a new type of integrated

optical gas sensor. TiO2 showed no
obvious response to the presence of
butane.

2. Interaction of laser radiation with
matter and laser technologies

The ablation of crystalline iron (Fe) by
a femtosecond laser pulses was examined
both experimentally and theoretically.
Laser ablation of Fe was investigated
theoretically by a molecular dynamics
(MD) simulation model taking into
account the electron system. The
dependence of the ablation process on the
laser fluence was simulated numerically.
The ablation rate achieved experimentally
was predicted well at fluences immediately
above the ablation threshold of 0.18 J/cm2.
In addition, the grain sizes of the surface
become smaller. The heat affected zone
was experimentally observed even at
irradiation fluence lower than the ablation
threshold fluence of 0.18 J/cm2, while at
laser fluences higher than the ablation
threshold this zone was measured to be
less than 1 µm.

For the first time, a classical molecular
dynamics simulation technique was
applied to the investigation of ablation of
iron by ultrashort laser pulses under deep
hole conditions. The laser pulse duration
considered was 0.1 ps at wavelength of
800 nm. The evolution of the ablated
material in a deep hole geometry differs
completely from the free expansion
regime, as two major mechanisms are
important for the final hole shape. The first
one is deposition of the ablated material on
the walls, which narrows the hole at a
certain height above its bottom. The
second mechanism is related to ablation of
the material from the walls (secondary
ablation) caused by interaction with the
primary ablated particles. Properties of the
secondary ablated particles in terms of the
velocity and the angular distribution were
obtained. The material removal efficiency
was estimated for vacuum or in Ar
environment conditions. In the latter case,
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the existence was found of a well-defined
vapor cloud having a low center-of-mass
velocity. The processes observed affect
significantly the material expulsion and
can explain the decrease of the drilling rate
with the hole depth increase, an effect
observed experimentally.

3. Nanotechnologies

The process was studied of fabrication
of nanostructures on a Si substrate using
near-field electromagnetic enhancement in
the vicinity of gold nanoparticles. This
nanofabrication technique is found to be a
flexible method for precise surface
nanostructuring. Au particles with
diameters of 40, 80, or 200 nm were
placed on the silicon substrate by a spin-
coating method, and a 100 fs laser pulse
(λ = 820 nm) was used to irradiate the
samples. A theoretical treatment of the
results obtained was made by FDTD
(finite difference time domain) simulation
and calculations of the near-field
scattering-cross section based on Mie�s
theory. The effect of the laser fluence,
polarization, and particle size and
arrangement on the nanohole properties
was studied. The nanohole profiles
correspond to the field distributions on the
substrate in the low laser-fluence region.
At laser fluences lower than the ablation
threshold of bulk Si, a hole with a
diameter of about 40 nm can be produced
using a 200 nm Au particle. Furthermore,
the gold particles cause a considerable
field enhancement even at sizes of a few
tens of nanometers, which offers good
possibilities for a further decrease in the
size of the structures produced. 

The highest electric field enhancement
factor obtained was about 26 for particles
with a diameter of 200 nm. As the particle
size is decreased the field enhancement
also decreases. The particle arrangement
on the substrate surface strongly affects
both the electric field distribution and the
enhancement effect of the particles. The

highest enhancement for a particle pair
was obtained when the polarization of the
incident radiation was parallel to the pair
axis (longitudinal mode). A good
correlation was obtained between the near-
field distribution predicted by FDTD
simulation and the parameters of the
experimentally produced nanoholes.

The near-field distribution in the
vicinity of gold particles excited by laser
radiation and placed on various substrate
materials was studied theoreticallywith the
aim of clarifying the conditions of precise
nanostructuring of different material
surfaces. The calculations were performed
on the basis of the FDTD simulation
technique. Metal (Au), semiconductor (Si)
and dielectric (SiO2) substrate materials
were investigated. Experiments were
performed to confirm the validity of the
FDTD simulation results obtained. The
field in the vicinity of the point of contact
is enhanced, and the enhancement factor
depends on the substrate material, particle
size and the wavelength of the incident
optical radiation. The characteristic size of
the field enhanced area was found to be
several times smaller than the gold particle
size: it was about 10 nm for the case of the
smallest particle diameter of 40 nm. The
enhancement factor of the electric field on
the substrate surface was the highest when
the substrate was of Au metal and
decreased by about two orders of
magnitude when a dielectric SiO2 substrate
was used. The characteristic penetration
depth of the enhanced field was within
several tens of nanometers and the depth
depended weakly on the substrate material
and the laser excitation wavelength. The
dependence of the field enhancement
factor on the Au particle size was
investigated as well. The results can be
used to predict and design precise
nanostructuring on different materials with
gold nanoparticles excited by a
femtosecond laser pulse.
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PUBLICATIONS:

1. Nedialkov NN, Atanasov PA,
Molecular dynamics simulation study of deep hole drilling in iron by ultrashort laser pulses,
Appl Surf Sci 2006;252:4411-4415.

2. Dikovska AO, Atanasov PA, Dimitrov IG, Vasilev C, Kocourek T, Jelinek M,
Structural and optical properties of Er, Yb co-doped Y2O3 thin films,
Appl Surf Sci 2006;252:4569-4572.

3. Hirayama Y, Atanasov PA, Obara M, Nedialkov NN, Imamova SE,
Femtosecond laser ablation of crystalline iron: experimental investigation and molecular
dynamics simulation,
Japan J Appl Phys 2006;45/2A:792-797.

4. Dikovska AO, Atanasov PA, Jiménez de Castro M, Perea A, Gonzalo J, Afonso CN,
García López J,
Optically active Er3+-Yb3+ codoped Y2O3 films produced by pulsed laser deposition,
Thin Solid Films 2006;500/1-2:336-340.

5. Mazingue T, Escoubas L, Spalluto L, Flory F, Jacquouton P, Perrone A, Kaminska E,
Piotrowska A, Mihailescu I, Atanasov P,
Optical characterizations of ZnO, SnO2, and TiO2 thin films for butane detection,
Appl Optics 2006;45/7:1425-1435.

6. Dikovska AO, Tonchev SH, Vasilev C, Atanasov PA,
Fabrication and study of periodically structured Y2O3 waveguides,
Plasma Proc & Polymers 2006;3:201-204.

7. Nedyalkov NN, Sakai T, Miyanishi T, Obara M,
Near field properties in the vicinity of gold nanoparticles placed on various substrates for
precise nanostructuring,
J Phys D: Appl Phys 2006;39:5037�5042.

8. Nedyalkov NN, Takada H, Obara M,
Nanostructuring of silicon surface by femtosecond laser pulse mediated with enhanced near-
field of gold nanoparticles,
Appl Phys A 2006;85:163�168.

9. Toratani E, Kamata M, Nedyalkov N, Obara M,
Femtosecond laser processing of subwavelength-sized voids for compact optical devices,
Proc SPIE 2006;6108:15-20.

ONGOING RESEARCH PROJECTS:

Financed by the National Science Fund

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



Laboratory Gas Lasers and Laser Technologies36

MUF�02/05 Active planar waveguides.
MUF�07/05 Formation and evolution of nanoparticles produced during laser ablation by
ultrashort lase pulses.

Financed by other funds

IST-2001-39112 Project, NANOPHOS, Nanostructured Photonic Sensors, 5th FP, EU.

COLLABORATIONS:

Couches transparentes minces, produites par deposition laser d�impulsion pour des
applications optiques et microelectroniques,
Institut des Nanosciences de Paris, Université Paris VI, CNRS, Paris, France.

Ultrashort laser ablation of metals,
Coherentia-INFM, Istituto Nazionale per la Fisica della Materia, Naples, Italy.

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

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

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

LECTURE COURSES:

Thin films produced by PLD for photonic gas sensors,
Keio University, Yokohama, Japan, Prof. DSc P.A. Atanasov.
Active optical films produced by pulsed laser deposition,
Keio University, Yokohama, Japan, Prof. DSc P.A. Atanasov.

GUESTS:

Mr. S. Grigorescu, Institute of Lasers, Plasma and Radiation Physics, Romanian Academy of
Sciences, Bucharest, Romania, 1 week, work on the common project �Pulsed laser deposition
of thin oxide films�.
Mr. F. Sima, Institute of Lasers, Plasma and Radiation Physics, Romanian Academy of
Sciences, Bucharest, Romania, 1 week, work on the common project �Pulsed laser deposition
of thin oxide films�.

LABORATORY VISITS:

Prof. DSc P.A. Atanasov, CNRS, Universités Paris VI et Paris VII, Paris, France.
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Mrs. A.Og. Dikovska, CNRS, Universités Paris VI et Paris VII, Paris, France.
Prof. DSc P.A. Atanasov, Coherentia-INFM, Istituto Nazionale per la Fisica della Materia,
Naples, Italy.
Prof. DSc P.A. Atanasov, Keio University, Yokohama, Japan.
Dr. N.N. Nedialkov, Keio University, Yokohama, Japan.
Mrs. T.J. Stanimirova, Institute of Physics, Czech Academy of Sciences, Prague, Czech
Republic.
Mr. T.R. Stoyanchov, Institute of Lasers, Plasma and Radiation Physics, Romanian Academy
of Sciences, Bucharest, Romania.
Ms. N.E. Stankova, University of Lecce, Lecce, Italy.
Mr. D.R. Milev, Institute of Fluid-Flow Machines, Polish Academy of Sciences, Gdansk,
Poland.
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LABORATORY

CONDENSED MATTER LASERS

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

TOTAL STAFF: 13
RESEARCH SCIENTISTS: 11

Prof. M.N. Nenchev, Dr.Sc.; Assoc. Prof. L.A. Avramov, Ph.D.;
D.G. Slavov, Ph.D.; E.G. Borisova, Ph.D.; A.T. Daskalova-Shivarova, Ph.D.;

A.I. Gisbrecht; N.J. Momchilov; Z.S. Jordanova; D.S. Petkov; D.I. Hristov; I.G. Kocev.
Ph.D. students: L.P. Petrov; I. Bliznakova.

RESEARCH ACTIVITIES:

1. Tunable lasers and amplification of
laser information signals

Using an original two-channel laser
resonator, we operated for the first time a
red (~0.63 um) semiconductor laser at two
independently tunable wavelengths. The
two-channel resonator uses a single
interference wedge (Fizeau wedge) as an
effective tuning element and channel
coupler. The type of operation under
investigation is of essential interest for
applications in optical communication
systems, in monitoring systems in ecology,
in scientific research � the fields where
laser emissions of two or more
independently tunable wavelengths are
needed. We showed that a very effective
operation in such laser cavity can be
obtained using a special focusing scheme
of two-wavelength cavity arrangement
permitting to narrow the intracavity beam
to a fraction of the millimeter, thus and
increasing and spectrally narrowing the
IW-transmission. The characteristics of the
two-wavelength red diode laser operation
were studied experimentally. The
advantages and the strong mode
competition effect, which is the limiting
factor of the two-wavelength emission
tuning range, were discussed. Such a laser
can effectively replace two separate lasers
in applications where the tuning range is

limited to a few nm and no continuous
tuning is needed.

Some of our new results are related
our work on the development of a novel
technique, proposed earlier by us, for high
factor amplification (~106 - 108) and
linearity of weak (microwatt and
nanowatt) laser radiation modulated with
information signals. The underlining
principle is based on the use of laser
injection-locking control by the amplified
signal under the conditions of second
competitive injection. In the simplest
possible implementation - using a ring
laser resonator � we studied the
amplification of laser signals at a few
different wavelengths and showed the
possibility for linear amplification also in
this multi-wavelength case. The results
obtained are of importance for applications
in optical communication systems.

2. Magnetic resonances and possible
applications

2.1. Coherent spectroscopy in alkali
vapors, nonlinear magneto-optical
resonances in Rb vapors

The development was continued of the
theoretical model aimed to investigate the
mutual conversion between the
polarization moments of higher rank (k>2)
and the observable (quadrupole)
components. The influence was
investigated of an arbitrarily oriented
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additional magnetic field on these
components. The exact numerical solution
was obtained for the tensor of the density
matrix components describing an atomic
system under the influence of a strong
laser field and magnetic fields. The
modelling calculations show that the
different components of the octupol
moments conjugates the hexadecapol and
quadrupole moments leading to
complicated dependences of the observed
signals in fluorescence and/or absorption.

The polarization moments are much
narrower (in the scale of the scanning
magnetic field) and observed in scheme of
polarization or phase sensitive detection in
spontaneous emission so that ultra-narrow
resonances could be registered.

The numerical results obtained for the
transition Ff = 1→Fφ = 2 of 87Rb were
compared with the experimental ones
obtained in the �Laser systems�
Laboratory of IE; we showed that the
calculated parameters of the magneto-
optical resonances (width, shape and
amplitude), which depend on the laser
filed amplitude and the additional
magnetic fields qualitatively agree with the
those experimentally obtained. 

The theoretical results obtained could
be of interest for the purpose of precise
magnetometry based on the registration of
the coherent population trapping (CPT)
signals or on the nonlinear Faraday effect
(NFE).

2.2. Magnetic resonances in rubidium and
application in magnetometry

During the implementation of the
�New magnetometer� financed under the
5-th European framework program (2002 -
2004), the application of CPT resonances
in rubidium for measuring magnetic fields
was actively developed in IE-BAS. The
prototype developed was suitable for
continuous monitoring of the Earth�s
magnetic field variation and for other
geophysical applications. We continued
the inter-laboratory cooperation in order to

develop new magnetometry applications
and were able to improve the sensitivity of
the magnetic field measurements. In this
respect we determined the contribution of
the main resonance broadening sources
(MF gradients, laboratory 50 Hz
electromagnetic pollution and noise in the
laser current modulation system). We also
optimized the registration system, which
allowed us to reduce the laser radiation
power to the level of 17 µW, while
keeping the amplitude of the CPT
resonance sufficiently high. The whole
complex of parameters improved led to a
reduction by an order of magnitude of the
CPT resonance width � from about 800 Hz
to less than 100 Hz. The optimization of
this parameter directly reflects on the
magnetometer sensitivity improvement.
Valuable experience was accumulated for
both active and passive methods for
electromagnetic pollution compensation
and screening as well for MF gradient
reduction. The new results were presented
at national and international conferences
and expositions and are subject of further
publications.

2.3. Magneto-optical and magneto-
galvanic resonances in gas discharges 

In accordance with the new bilateral
agreement between IE-BAS and the
Institute of Physics of St. Petersburg
University, investigations were performed
on magneto-galvanic resonances in gas
discharges.

The main goal of the agreement was to
clarify the parameters of different opto-
galvanic detectors and those of the
excitation needed for registration of
galvanic and, later on, magneto-galvanic
signals. We applied a novel approach for
investigating magneto-galvanic signals in
hollow cathode lamps, based on the direct
effect of radiation that is resonant to a
given transition on the magneto-galvanic
signal. The new system developed for
registration of the discharge
characteristics, the V-A characteristic and
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the magneto-galvanic and opto-galvanic
signals allowed us to obtain in real time
the different dependences, which is very
important for interpretation of the data.
The new results obtained were reported at
three conferences (Neapol, Italy, Istanbul,
Turkey and Belgrade, Serbia) as well as at
the 14-th International school on Quantum
electronics in Sunny Beach, Bulgaria.

3. Laser medical and bio-medical
research and applications

3.1. Fluorescence endoscopy of the
gastrointestinal tract

Using the results obtained during the
first year of implementation of the project
VU-L-.01/05 �Optical biopsy of dysplasia
and tumors in the upper part of the
gastrointestinal tract� we developed and
tested equipment and spectral diagnostic
procedure for endoscopic detection of
tumors and dysplasia in the upper part of
the gastrointestinal tract.

Endoscopy is the main method of
detection of gastrointestinal tumors.
However, despite the many technological
advances that have occurred in the
diagnostic field, conventional white light
endoscopy is suboptimal and usually
detects lesions that already have symptoms
of obstruction, bleeding and pain, related
to tumor growth. The limitations of
standard endoscopy are a significant
challenge and have initiated the
development of new photodiagnostic
techniques, supplementing the diagnostic
capabilities of standard endoscopic
equipment. The new approaches are based
on light-tissue interactions and the
differences existing between normal and
abnormal tissue sites. One of the most
widely examined optical modalities is the
fluorescence spectroscopy (FS), because of
its rapid and highly sensitive response to
early biochemical and morphological
changes in biological tissues. In the
current project, ALA-mediated

fluorescence lesions detection is under
investigation.

An excitation source based on high-
power light-emitting diode chip with
maximum at 405 nm was used. Special
opto-mechanical device was built to use
the light guide of a standard video-
endoscopic system (Olimpus Corp.). A
fiber was introduced through the
endoscopic instrumental channel to bring
the fluorescence signal to a
microspectrometer. A computer was used
to control the spectrometric system and to
store and display the data measured.

Delta-aminolevulinic acid/Proto-
porphyrin IX (5-ALA/PpIX) was used as
fluorescent marker for dysplasia and tumor
detection in the esophagus and the
stomach. Clinically, the 5-ALA
(�ALASENS�, NIOPIK, Russia) is
administered per os six hours before
measurements at the dose 20mg/kg weight,
according to the existing clinical
experience in gastrointestinal diagnostic
applications of 5-ALA/PpIX fluorescence. 

All fluorescence diagnoses of
esophagus and stomach were made during
endoscopic examinations of patients in the
Gastro-enterology Department of �Queen
Jovanna� University Hospital during the
first half of 2006. Measurements of the
fluorescence spectra were performed in 1-
D using spectrometer fibers; 2-D
visualization and recording of
protoporphyrin IX distribution in the
mucosa was carried out using the video
system of the endoscopic equipment.
Standard histology was used as �gold�
standard for comparison with the results
obtained from spectral measurements.

The fluorescence detected from tumor
sites has very complex spectral origins. It
consists of autofluorescence, fluorescence
from exogenous fluorophores and re-
absorption from the chromophores
accumulated in the tissue investigated.
One can distinguish three spectral regions
of diagnostic importance:

- 450-630 nm region, where tissue
autofluorescence is observed;
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- 630-710 nm region, where
fluorescence of PpIX is clearly
pronounced;

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

The neovascularisation of tumors is
clearly pronounced in all dysplastic and
tumor sites investigated. The lack of
fluorescence peaks in the red spectral area
for normal mucosa is an indication for
selective accumulation of 5-ALA/PpIX
only in abnormal sites and gives high
contrast when lesion borders are
determined by clinicians during video
observation in the process of diagnostic
procedure.

The results obtained show very good
correlation between fluorescence signals
and histology examination of the lesions
investigated. Rapid lesions border
determination using exogenous
fluorescence signal was also achieved.

3.2. Fluorescence and reflectance
spectroscopy of the human skin

Using the results obtained during the
implementation of the projects M1422/04
�Improvement of optical biopsy
applications in the diagnostics of skin
cancer� and MU-F-03/05 �Development of
apparatus and methods for optical biopsy
of human skin� we developed and tested
spectral diagnostic methods for early
differentiation of malignant melanoma vs.
normal skin, benign melanin-pigmented
cutaneous lesions, as well as for non-
melanin pigmented cutaneous lesions. The
methods of laser-light-induced
fluorescence and reflectance spectroscopy
were applied.

Optical spectroscopy of the human
skin is very promising for early diagnosis
and differentiation of cutaneous diseases.
Selection of proper excitation sources and
sensitive detectors gives wide range of
possibilities related to real-time
determination of existing pathological

conditions. A problem with using a laser
as an excitation source is the high cost
associated with the operation of these
types of installations. This is why this year
we tested the capability of cheaper
excitation sources - ultraviolet and blue
light-emitting diodes. Initially, we
investigated the spectral response of
normal skin from different anatomic areas,
as well as from volunteers of different
phototypes. Our first results demonstrated
promising possibility to implement an
inexpensive system for detection of
cutaneous lesions with wide clinical
applications. The results will be used in
the development of diagnostic algorithms
for improving diagnostic sensitivity of
benign and malignant tumor lesions
determination.

Naturally existing chromophores
fluorescence of normal skin and of its
melanin-pigmented pathological changes
was investigated, including cancer lesions.
The autofluorescence spectra in the blue-
green spectral region were obtained.
Special investigation was carried out for
the blood and melanin content influence
on the spectral shape of the fluorescence
spectra obtained in vivo. In the case of
melanin-pigmented lesions we did not
observe significant spectral shape changes,
but rather only a rapid decrease of the
fluorescence intensity. However, the
intensity level changes between different
lesion types were sufficient to develop a
differentiation algorithm. These
investigations were carried out in vivo in
the framework of a common project with
the national oncological center in Sofia.

Light-induced fluorescence spectra
were obtained from different skin
anatomic areas and different skin
phototypes (phototype I, II and III �
typical for the Bulgarian region). The
results obtained differed significantly
depending on the skin phototype. Good
reproducibility within one skin type was
also obtained which allowed us to use
light-induced fluorescence (excitation in
region 360-450 nm) for determination of
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skin phototypes of the patients with good
objectivity and in real time without skin
damage.

3.3. Photodynamic inactivation of
pathogenic bacteria using phthalo-
cyanines

According to collaboration with
colleagues from the Institute of Organic
Chemistry, BAS, a research cycle for
investigation of photodynamic inactivation
(PDI) of pathogenic microorganisms was
completed this year. For the needs of PDI
newly synthesized phthalocyanines, which
are photosensitizers with improved
spectral properties in near-infrared spectral
region, were applied. They absorb in the
region around 660-700 nm and fluoresce
in 680-760 nm, which was used for
detection of PDI monitoring. 

A series of phthalocyanines differing
in their charges, hydrophobic nature and
drug-formulation were investigated for
their potential in photodynamic
inactivation of pathogenic micro-
organisms. The efficacy of the cationic,
anionic, and non-charged unsubstituted
Zn(II)- and Al(III)-phthalocyanines was
evaluated on representative strains of three
classes of pathogens. We treated two
gram-positive strains of Staphylococcus
aureus, one sensitive and one methycillin-
resistant, one gram-negative Pseudomonas
aeruginosa and one fungus - Candida
albicans. The survival of the bacterial cells
was studied depending on the fluence of
the applied light, the cell density in the
bacterial suspension and the drug uptake
from the bacteria cells. All
photosensitizers were prepared in aqua
buffered solutions or in liposome vesicles
and applied in micromolar concentrations.
It was demonstrated that the effect of
photodynamic treatment depends on the
cell density (106-108cell per ml) after
applying constant doses of photosensitizer
and light. A significant light fluence
dependence was found on the bacterial
survival. The two studied S. aureus strains

were susceptible to the photodynamic
treatment. PDI with cationic
phthalocyanine was increased from
fluence of 12 J.cm-2 to 60 J.cm-2 by log3.
Significant bacterial inactivation was
observed for the methycillin-resistant S.
aureus also after photosensitization with
anionic phthalocyanine. In the case of
gram-positive bacterial strains, the effect
was negligible after cationic and non-
charged Al(III)- or Zn(II)- phthalo-
cyanines. A significant bacterial killing
was observed with the water-soluble
cationic compound, especially for the less
sensitive to the inactivation P. aeruginosa.
The yeast, C. albicans, which was
determined as more resistant to the
photodynamic inactivation was also
successfully treated with cationic
phthalocyanine. The survival data obtained
for all treated pathogen�s cells was
strongly dependant on the amount of
bacterial cells that can be a response of an
inverse effect of dye accumulation to the
cell density. 

Our results are encouraging for the
potential future application of cationic
phthalocyanine for PDI treatment of
bacterial infections in humans.

3.4. Haemoglobin photodissociation

The experimental study of changes in
saturation of arterial blood caused by
laser-induced photodissociation of
oxyhemoglobin is based on registration of
the variations of its value on the
background of natural saturation
oscillations. Specialized highly sensitive
multi channel pulse oximeter -
spectrophotometer for control of the local
tissue oxygen saturation was developed.
Due to the original method of data
processing, the accuracy of measurements
is 3-4 times higher compared with similar
traditional systems. As a result,
registration of small changes of arterial
blood saturation is achieved with accuracy
higher than 0.5 %.
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A novel method of direct control of
local oxygen concentration based on laser-
induced photodissociation of HbO2 was
proposed. It was shown that the local
concentration of free oxygen in a tissue
under laser irradiation significantly
increases at higher body temperatures. The
efficiency of releasing bonded oxygen
from haemoglobin increases with
increasing the local tissue temperature  and
at temperature around 420C reaches
saturation about 2,2%. Thus, laser-induced

photodissociation of oxyhemoglobin may
serve as a unique method in laser therapy
for optically increasing the local
concentration of free molecular oxygen in
tissues, which significantly enhances the
cell metabolism.

Different biomedical applications of
this method for treatment of a wide variety
of diseases including burns, bedsores,
ulcers, necrosis and anaerobic infections
were discussed.
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ONGOING RESEARCH PROJECTS:

Financed by the National Council for Scientific Research

F-1305/03, Development of new methods for creation of lasers with non-traditional
generation characteristics.
F-1203/02 Emergent structures and collective behaviors in extended and distributed chaotic
systems.
M-1422/04 Improvement of optical biopsy applications in the diagnostics of skin cancer.
MU-F-03/05 Development of apparatus and methods for optical biopsy of human skin.
VUL-01/05 Optical biopsy of dysplasia and tumors in upper part of gastrointestinal tract.
B-1534/05 Photodynamic inactivation of pathogenic bacteria and viruses with
phthalocyanines: ecological and medical aspects.

Financed by International Atomic Energy Agency

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

Financed by ministries, departments, and companies

National Innovation Fund-Bulgaria: IF-00-121/06 - Laser opto-electronic system for optical
tomography.
Optella Ltd: Photophysics characteristics investigation of newly synthesized photosensitizers
for photodiagnosis and photodynamic therapy of malignant cutaneous lesions.
Laserproduct Ltd: Scientific-applied project for development of laser system.
Dentistry Department of Medical University-Sofia: Light-activated chemical bleaching of
teeth � medico-clinical investigation.

COLLABORATIONS:

Development of new methods for laser diagnostics and therapy of dermatological and
oncological diseases,
Institute of Physics, National Academy of Sciences of Belarus, Minsk, Belarus.

Investigation of the laser irradiation influence over the relative concentration changes of
oxyhaemoglobin in the blood,
Institute of Applied Problems of Physics and Biophysics, Ukrainian Academy of Sciences,
Kiev, Ukraine.
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LABORATORY VISITS:

1. Dr. E. Borisova � work visit in National Technical University of Athens, Department of
Physics, January 2006.
2. Dr. L. Avramov - Work meeting to discuss the perspectives for collaboration in the field of
spectroscopy of eye tissues and investigation of influence ultraviolet and heavy ions
irradiation for inducing of cataract, Dubna, Russia, June 2006.

GUESTS:

1. Prof. Evgeny Krasavin, Join Institute of Nuclear Research, Dubna, Russia � May 2006.
2. Prof. Peter Townsend, University of Sussex, UK � October 2006.

AWARDS:

First prize for the best scientific report on the 9th National Congress on Gastroenterology,
November 2006:
E. Borisova, I. Angelov, N. Momchilov, L. Avramov, I. Terziev, B. Vladimirov,
Fluorescence spectroscopy � method for mucosa neoplasms� detection in the upper part of
gastrointestinal tract. Preliminarily results.
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LABORATORY

LASER SYSTEMS

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

TOTAL STAFF: 13
RESEARCH SCIENTIST: 11

Assoc. Prof. S. Cartaleva, Ph.D.; Assoc. Prof. E. Alipieva, Ph.D.;
Assoc. Prof. S. Gateva, Ph.D.; C. Andreeva, Ph.D.; T. Karaulanov, Ph.D.;
O. Vankov, V. Sarova; E. Taskova; K. Vaseva; P. Todorov; D. Atanasov.

Ph.D. student: N. Petrov.

RESEARCH ACTIVITIES:

The research activities of the group
working in the field of high-resolution
laser spectroscopy were mainly related to
the investigation of the potential of the
Coherent Population Trapping (CPT)
effect for precise magnetic field
measurement. CPT resonances are
obtained in alkali atoms when irradiated
by coherent laser fields. Three approaches
for magnetic field (MF) measurement were
developed and three experimental set-ups
were built in the Institute of Electronics:
1) CPT obtained by coupling the non-
degenerate Zeeman sublevels of the two
ground-state hyperfine (hf) levels of Rb
and Cs by laser modulation in the GHz
region; 2) CPT obtained by coupling
degenerate Zeeman sublevels of a single hf
ground-state level by single-frequency
light; and 3) CPT obtained by coupling
non-degenerate Zeeman sublevels
belonging to a single ground-state hf level
by means of laser light modulated in the
kHz region.

Concerning the first approach, we
developed a methodology and a portable
setup connected to a PC, for automatic MF
measurements. The sensitivity of the
device to MF variations is 50 nT for 10 s
measurement time. It finds applications in
metrology for measurement of the absolute
value of the MFs in the range
0.1 ÷ 1000 µT with a sensitivity of 50 nT.

As a result of the second approach, an
experimental setup and methodology were
developed for measurement of the three
components of the MF with a sensitivity of
0.1 nT. The methodology is appropriate
for application in geomagnetic stations.

As a result of the work on the third
approach, a portable device and
methodology were developed for
measurement of MF in the interval
2 ÷ 200 µT with a sensitivity of 1 nT, with
potential for application in geomagnetism,
archaeology and material sciences.

In addition, coherent resonances in
Hanle configuration were investigated at
different polarizations and intensities of
the exciting laser field [1,2]. The
sensitivity was studied of the Hanle
resonances to stray MFs at linear, circular
and elliptical polarizations of the light. It
was shown that the resonance has a
complex shape � a narrow structure
(around 1 mG wide) is superimposed on a
broader one (several tens of mG). The
dependence of the width and amplitude of
both structures in absorption and in
fluorescence were studied depending on
the light intensity. It was shown that the
width of the narrow resonance does not
change under the conditions of our
experiment, while the width of the broader
structure depends in a complex way on the
intensity. This dependence is different for
the resonance in absorption and in
fluorescence. The reason for this behavior
was explored [7].
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CPT effects were also investigated by
applying an additional a.c. MF parallel to
the d.c. MF. It was demonstrated that the
a.c. MF leads to the appearance of
additional resonances separated at
frequencies multiple to the frequency of
the a.c. MF. These sideband resonances
are extremely narrow and can be resolved
even at frequencies of the a.c. MFs lower
than kHz, thus making them very attractive
for spectroscopic applications. A
theoretical model was also developed,
which describes well the experimental
results obtained [11].

We performed experimental and
theoretical study of the sub-Doppler
spectrum observed at the hyperfine (hf)
transitions of Cs confined in an extremely
thin cell (ETC) [9,10]. The width of this
cell is from 100 to 1500 nm. We used a
c.w. extended cavity diode laser operating
in a single-frequency mode and with line-
width of about 3 MHz. Sub-Doppler
resonances in absorption with very good
contrast were obtained and their behavior
at L = λ/2 and L = λ were examined.
Moreover, at L = λ, new narrow dips were
observed in the fluorescence. At L = λ, the
sub-Doppler resonance formation is
attributed to the velocity-selective optical
pumping taking place for atoms whose
velocity is mainly parallel to the cell
windows, which provides sufficiently long
time for the optical pumping to build up.
An explanation was also proposed for the

fluorescence behavior of the 4-5 cycling
transition.

In addition to the investigation of the
absorption and fluorescence spectra,
experimental evidence was provided for
nonlinear, ground-state Hanle resonances
in an ETC. Cs atoms confined in an ETC
were irradiated by single-mode diode-laser
light which was successively frequency-
tuned in resonance with each of the three
allowed hf transitions starting from the
ground-state hf levels Fg = 3,4 of the D2
line of Cs. The beam transmitted through
the cell was registered in dependence on
the intensity of magnetic field B
perpendicular to the laser beam, scanned
around B = 0. Despite the expectation of
an EIA resonance for the Fg = 4→Fe = 5
transition, EIT resonances of similar
behavior were observed for all hf
transitions at cell thickness L = λ. The
nonlinear Hanle effect in an NTC was
analyzed by means of Zeeman coherence
rate equations. Assumptions of
redistribution of atoms among the
magnetic sublevels of the excited state and
atomic coherence relaxation were
incorporated in a form similar to the one
used in [1]. We believe that the reason for
atom redistribution among the Zeeman
sublevels of the excited state is a long-
range interaction of atoms with the walls
of the ETC. The comparison of theoretical
and experimental resonance profiles
showed a qualitative agreement.

PUBLICATIONS:

1. Nasyrov K, Cartaleva S, Pеtrov N, Biancalana V, Dancheva Y, Mariotti E, Moi L,
Coherent population trapping resonances in Cs atoms excited by elliptically polarized light,
Phys Rev 2006;A74:013811.

2. Huss A, Lammegger R, Windholz L, Alipieva E, Gateva S, Petrov L,
Taskova  E,   Todorov  G,
Polarization-dependent sensitivity of level-crossing, coherent-population-trapping resonances
to stray magnetic fields,
JOSA 2006;B23/9:1729-1736.
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ONGOING RESEARCH PROJECTS:

Financed by the National Council for Scientific Research:

F-1404/04, Coherent effects in gas-phase nano-layers.
F-1409/04, Nonlinear magneto-optical effects in a resonance medium.



Laboratory Laser Systems54

COLLABORATIONS:

Coherent population trapping effect in alkali atoms,
CNR, Italy.

Development of stabilized diode lasers and their application to atomic spectroscopy and
cooling of atoms,
Institute of Physics, Polish Academy of Sciences, Warsaw, Poland.
High resolution spectroscopy in quantum optics and metrology,
Institute of Physics, Belgrade, Serbia and Montenegro.

LABORATORY VISITS:

S. Cartaleva - IPCF � CNR, Pisa, Italy, 80 days.
T. Karaulanov - IPCF � CNR, Pisa, Italy, 15 days.
P. Todorov, CNRS, Paris, France, 30 days.
Ch. Andreeva, CNRS, Paris, France, 15 days.
S. Gateva, K. Vaseva, Institute of Physics, Warsaw, Poland, 30 days.

GUESTS:

Luigi Moi, Jacopo Belfi, Marcis Auzinsh, Aigars Atvars, David Sarkisyan, Arlene Gordon,
Ferruccio Renzoni, Daniel Bloch, Martial Ducloy, Dmitry Budker, Maicah Ledbetter,
Antoine Weis, Branislav Jelenković, Marina Mijailović, Aleksandar Krmpot, Zoran Grujić,
Marko Nikolić, Jelena Dimitrijević.
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LABORATORY

NONLINEAR AND FIBER OPTICS

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

TOTAL STAFF: 5
RESEARCH SCIENTIST: 3

Assoc. Prof. L. Ivanov, PhD; T. Arabadzhiev, Ph.D.; I. Tunchev; K. Kovachev.

RESEARCH ACTIVITIES:

1. Propagation of localized optical waves
in media with dispersion, in dispersion-
less media and in vacuum. Non-
diffracting pulses

The applied amplitude envelopes
method gives us the possibility to
investigate and compare the propagation of
optical pulses in media with strong
dispersion, in media with weak dispersion,
in dispersionless media and in vacuum. In
the case of media with dispersion, we
obtained an integro-differential nonlinear
equation, describing the propagation of
optical pulses whose time duration is of
the order of the optical period of the
carrier frequency, and also of pulses with
many harmonics under the pulse.
In the case of slowly varying amplitudes
(many harmonics under the pulse) we
reduced this amplitude integro-differential
equation to amplitude vector nonlinear
differential equations and obtained
different orders of dispersion of the linear
and nonlinear susceptibility. In the second
case, propagation of optical pulses in
dispersionless media and in vacuum, we
obtained an amplitude equation which is
valid in both cases, namely, pulses with
many harmonics and pulses with only one-
two harmonics under the envelope. We
normalized these amplitude equations and
obtained five dimensionless parameters
determining different linear and nonlinear
regimes of propagation of the optical
localized waves. For optical pulses with

small transverse and large longitudinal
size (optical filaments) we obtained the
well-known paraxial approximation, while
for the case of optical pulses with a
approximately equal transverse and
longitudinal size (the so-called light
bullets-LB) and for the case of large
transverse and small longitudinal size
(light disks-LD), we obtained new non-
paraxial nonlinear amplitude equations.
When the optical field is with low
intensity, we reduced the nonlinear
amplitude vector equation governing the
evolution of LB and LD to linear
amplitude equations. Surprisingly, in
linear regime the normalized amplitude
equations for media with dispersion and
the amplitude equations in dispersionless
media and vacuum are identical to a
constant, namely, ratio between the
diffraction and the dispersion lengths. The
linear equations were solved using the
Fourier transform technique. One
unexpected new result is the relative
stability of LB and LD and the significant
reduction of the LB and LD diffraction
enlargement with respect to the case of
long pulses in linear regime of
propagation. It is important to emphasize
particularly the case of LD, which are
practically diffractionless over long
distances exceeding tens of kilometres.

2. Nonlinear dynamical systems (NDS)
in fiber optics

A dissipative NDS, which describes
the periodical amplification by
semiconductor optical amplifiers of ultra-
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short optical pulses propagating in optical
fibers, was analysed numerically. It was
shown that stable optical pulses can exist
in the regime of positive group-velocity
dispersion in optical fibers in presence of
amplification by semiconductor laser
amplifiers. The stable pulses observed
exhibit a red frequency shift of their mean
frequency, contrary to the case of negative
group velocity dispersion. 

The mean frequency was studied as a
function of the distance of propagation, the
Henry factor, the net gain, the gain
saturation parameter and the chirp
parameter. It was found that the value of
the mean frequency of the optical pulses
observed can be controlled by means of
the gain saturation characteristics of the
amplifier, as well as with the initial
frequency modulation of the pulse. It was

shown that the mean frequency is linearly
proportional to the Henry factor for a fixed
distance of propagation.

Appearance of stationary values of the
normalized pulse energy was established.
The asymptotic values of the normalized
pulse energy depend on the gain saturation
characteristics. 

The effect of frequency shift of the
numerically observed dissipative
structures which was analysed could be
related to the slow-light effects. 

Finally, the stable optical pulses
observed in the positive dispersion region
of the optical fibers are ideal candidates
for use in all-optical signal transmission
and processing because their main
properties as the frequency shift and pulse
energy are entirely defined by the system
parameters.

PUBLICATIONS:

1. Kovachev LM, Pavlov LI, Ivanov LM, Dakova DY,
Optical filaments and optical bullets  in dispersive nonlinear media,
J Russian Laser Research, 2006;27:185-203.

2. Arabadzhiev TN, Uzunov IM,
Amplification of solitary optical waves in fibers with positive group velocity dispersion,
Central European J Phys 2007;5/1:62-68.

3. Kovachev LM, Pavlov LI, Ivanov LM, Dakova DY,
Relative linear stability of light bullets,
Proc 4th Int Symp Laser Technol and Lasers, October 2005, Plovdiv, Bulgaria, pp 184-193.

CONFERENCES:

1.Kovachev LM,
Evolution of localized optical waves in media with magnetization,
Workshop Coherent Nonlinear Optics of Artefical Media, December 2006, Lisbon, Portugal.

2. Kovachev LM, Pavlov LI, Ivanov LM, Dakova DY,
Relative linear stability of light bullets,
4th Int Symp Laser Technol and Lasers, October 2005, Plovdiv, Bulgaria.

LECTURE COURSES:

Fiber Optic Communication Systems; Optics; Electricity and Magnetism,
South-Western University, Blagoevgrad, Bulgaria.
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LABORATORY

OPTICAL RADIOMETRY
HEAD: Prof. E. Ferdinandov, Dr.Sc.

TOTAL STAFF: 4

RESEARCH SCIENTISTS: 3
P. Pavlova, Ph.D; E. Angelova; M. Danov.

RESEARCH ACTIVITIES:

I. Theoretical studies of the influence of
the atmospheric turbulence on the
quantitative features of optical systems
of different type 

The theoretical basis was completed of
studying laser communication systems
whose transmission media represent
spatial sub-domains of the atmosphere and
space. The method extends and enhances
the previous research on the energy
balance of such systems. A theoretical
description was given of the simultaneous
influence of complex stochastic factors
having various physical origins on the
BER (Bit�Error Rate) in free-space
communication systems (influence of the
variations of atmospheric transparency,
influence of the mechanical antenna
vibrations, influence of the atmospheric
turbulence). Besides the complex influence
of these factors. the effect of each one was
taken into account. The results were
extended to systems for image
transmission using spatial laser radiation
modulation. 

The problems related to the synthesis
of trans-atmospheric communication
systems were solved. On this basis, an
engineering design algorithm was
developed; it allows one to compute the
technical parameters of separate structural
units for a given quality indicator. 

An original algorithm for assessment
of the atmospheric turbulence effects on

the solar crown H-α images was
developed.

II. Applications of radiometric and
colorimetric analyses

II.1. An active method for spectral
hemispherical emissivity determination
was developed. Measurements of rock and
mineral emissivity were performed in the
TIR range (8-12 µm) with resolution of 0.2
µm. The spectral reflectivity and
emissivity of land cover elements obtained
can be used to develop algorithms for
satellite data processing and in rock
identification.

II.2. Studies of the dynamics of the
descending solar radiation and possibilities
to apply optical radiometry and
spectrometry to the real-time assessment
of the optical flux parameters � value and
color temperature for the purpose of
dynamic white-balance calibration.

In view of the above, the following
was carried out:

• The three�channel radiometer was
upgraded with new filters, better suited to
colorimetrical measurements.

• A technique was developed for
assessment of the colorimetrical
parameters of the descending solar
radiation.

• The special software for filtering the
signals from radiometers and calculating
the needed features was also updated,
tested and applied for processing the data. 

• The colorimetrical characteristics of
the descending solar radiation were
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calculated using the data collected by
measurements performed in 44 days under
various athmosferic conditions.

II.3. One of the COST-organization
actions - COST�529 WG4 �Color Aspects
of Light Sources� - a Workshop on
Colorimetry and its Applications in
Industry and Environment, held in Varna,
was organized in collaboration with

Institute of Solid Stated Physics and LOR.
Proceedings of the event were published.

III. Educational activities

The laboratory members taught several
courses for the students of Technical
University of Sofia, its branch in Plovdiv,
and University of Sofia.

PUBLICATIONS:

1. Ferdinandov E, Pachedjieva B,
The bit-error rate setting in the free�space laser communication systems � technique of
investigation,
Electrotechnica & Electronica, 2006;9-10:12-16.

2. Pavlova P,
Module for automatic image position normalization,
Electrotechnica & Electronica, 2006;7-8:40-45.

3. Pavlova P,
Applied software library for colour transformations,
Electrotechnica & Electronica, 2006;11-12:35-38.

4. Todorovska R, Pavlova P, Todorov G, Dimitrov S,
Light-enhanced chemical whitening of teeth,
Bulgarian Academy of Sciences News 2006;9:2-4.

5. Pavlova P, Angelova E,
Colorimetrical problems in colour identification of objects in computer images,
Proc Workshop COST�529 WG4 Colour Aspects for Light Sources - Colorimetry and it�s
Applications in Industry and Environment, May 2006, Varna, Bulgaria, pp 41-45.

6. Danov M, Tsanev V,
Investigation of thermal infrared emissivity spectra of rock samples,
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14thInt School on Quantum Electronics, September 2006, Sunny Beach, Bulgaria.
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3. Danov M, Tsanev V,
Investigation of thermal infrared emissivity spectra of mineral and rock samples,
EARSeL Symp New Developments and Challenges in Remote Sensing, May�June 2006,
Warsaw, Poland.

4. Danov M, Tsanev V, Petkov D,
Spectral emissivity measurement of rocks and rock-forming minerals,
14thInt School on Quantum Electronics, September 2006, Sunny Beach, Bulgaria.

5. Nikolov H, Borisova D, Danov M, Tsanev V, Тokmakchieva M, Banushev B,
Monitoring of iron distribution in mine districts using multispectral and thermal data,
36th COSPAR Scientific Assembly, July 2006, Beijing, China.

ONGOING RESEARCH PROJECTS:

Financed by the National Council for Scientific Research

ТN�1523/05, Influence of the atmospheric turbulence on the quantitative characteristics of
the optical systems used in: free- space laser communications, optical remote control and
radiometric systems for environment eco-monitoring, system for investigation of optical
images of natural objects.
МU-NZ-1502/05, Investigation of emission and reflection characteristics of spectral mixtures
of rocks and minerals.

LECTURE COURSES:

Probability and statistical methods in telecommunications; Optical communications�
inovations and tendencys; Design of communications systems; Computer vision; Images
analyses and recognition; Optics and optical processors; Computer graphics.
Technical University of Sofia, Plovdiv Branch, Plovdiv, Bulgaria.

Fundamentals of optoelectronics; Signals and systems; Digital signal processing;
Fundamentals of еlectrotechnica � I patr.
Technical College - Smolyan, Bulgaria.

Bio-medical images processing and analyses
University of Sofia.
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LABORATORY

LASER RADARS

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

TOTAL STAFF: 23
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.;
G. Kolarov; R. Avramova; B. Kaprielov; V. Naboko; I. Grigorov.

RESEARCH ACTIVITIES:

1. Lidar monitoring of the atmosphere

Systematic measurements within the
EARLINET - ASOS project

The main goal of the EARLINET-
ASOS project is to provide a
comprehensive, quantitative, and
statistically significant database for the
aerosol distribution on a continental scale.
The network activity is based on scheduled
measurements, a rigorous quality
assurance program addressing both
instruments and evaluation algorithms, and
a standardized data exchange format.

In order to collect unbiased data, all
network stations perform measurements
simultaneously on three fixed days of the
week. Lidar observations are performed on
a regular schedule, namely, one daytime
measurement on Monday around noon
(14:00 h LT), when the boundary layer is
usually well developed, and two night time
measurements (Monday and Thursday),
with low background light, in order to
perform Raman extinction measurements.
Additional network measurements are
performed to address specifically
important processes that are localized
either in space or time, like Saharan dust
outbreaks, forest fires, volcanic eruptions,
photochemical smog.

Each lidar measurement lasts 3 - 4
hours. The data-processing uses a 30 min

time integration interval of the data; thus,
each lidar measuremen yields 6 to 8 data
files of the atmospheric parameter
measured. The research group �Aerosol
lidar with CuBr-vapor laser� has collected
data of about 120 lidar measurements,
from the start of the project in April, 2006
till the end of 2006; this corresponds to
about 500 data-files (D. Stoyanov,
I. Grigorov, G. Kolarov, I. Kolev,            
Z. Peshev, A. Deleva, B. Kaprielov,        
N. Kolev).

Experimental and theoretical
investigations

An experimental assessment of the
operational accuracy of the three lidar
systems in IE-BAS Sofia was performed.
The investigation was carried out by an
inter-comparison of profiles of the
atmospheric aerosol backscattering
coefficient measured simultaneously by
the lidars. This study represented a part of
Network Activity 3 for assessing and
assuring common quality standards within
the EARLINET-ASOS project. The
experiments on simultaneous operation of
the lidar systems were carried out
according to the fixed EARLINET-ASOS
schedule for the period May � July, 2006.
Using lidar data from the measurements,
the atmospheric backscatter coefficient
profiles were calculated. Each aerosol
backscatter lidar profile represented the
averaged data for a measurement interval
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of 30 min. On the basis of the differences
in the simultaneously measured aerosol
backscatter profiles from different lidars,
the first two statistical moments were
calculated. The resulting mean difference
and standard deviation should not exceed a
specific permissible value, established and
commonly adopted as a result of long
years of experimental work. For 532 nm
this value is 5 x 10−7 (sr m)−1 for both
quantities. The tree lidars used the same
algorithm for data processing, namely, the
Fernald inverse method.

Five lidar soundings were compared,
spread in time from May to July 2006. The
generalized mean difference of all
experiments was -4.45 x 10−8 (sr m)−1,
which was below the permissible limit
5 x 10−7 (sr m)−1. The standard deviation
of all the differences was 4.43 x 10−7 (sr
m)−1, i.e. the differences were dispersed
partially outside the interval of excellent
coincidence. In spite of this, the results
gave us grounds to assert that the three
lidars comply with the EARLINET
requirements for accurate operation
(I. Grigorov, G. Kolarov, B. Kaprielov,   
N. Kolev, A. Deleva, Z. Peshev,              
D. Stoyanov).

The investigations of the processes
defining the surface ozone behavior were
continued. Taking into account that the
planetary boundary layer (PBL) dynamics
defines to a considerable degree the ozone
concentrations in the layer, an analysis was
performed of the data sets obtained by
simultaneous observations of the ozone
concentrations and the PBL dynamics. The
analysis shows that: 1). The ozone
concentration variations observed during
the partial solar eclipse (03.10.2005)
allowed use to investigate the contribution
of the dynamic and chemical processes to
the surface ozone condition; 2). The
peculiarities of the ozone variations
detected during morning hours may be
associated with the entrainment of the
ozone-rich air accumulated under the
stable layer; 3). The observed wave-like
variations of the surface ozone are

correlated with those in the PBL structure
and are attributed to the dynamic processes
(V. Grigorieva).

Different layers within the PBL (stable
layer � SBL, residual layer � RL, and
mixing layer � ML) were studied in detail
in space and time. Their particular heights
and time of existence during the different
seasons were determined  (R. Nenchev,
N. Kolev, I. Kolev).

Investigations were carried out on
determining the optical characteristics of
the atmospheric aerosol in the troposphere
using a lidar, a spectroradiometer and a
sun photometer. These studies are still in
their early stages; the results obtained can
be summarized as follows:

- The techniques were selected for
determining the total optical depth and the
aerosol optical depth from the
spectroradiometer data;

- The values of the aerosol optical
depth were determined at different hours
of the day on summer and autumn days;

- The spectrum dependences of the
aerosol optical depth and the Angstrom
parameters (α and β) were studied;

- An autumn campaign was carried out
aimed at determining the optical
characteristics of the atmospheric aerosol
using an aerosol lidar and a sun
photometer Microtops II (R. Nenchev,
N. Kolev, Ts. Evgenieva, I. Kolev).

Systematical measurements were
carried out aimed at determining the
influence of the atmospheric aerosol on the
microclimate of the region of the Institute
of Electronics and the Central Laboratory
of Solar-Terrestrial Influences using a
lidar, an ozonemeter and a sun photometer.
Two interesting results were obtained
during the mixing layer development
(respectively, its height) concerning its
influence on the ground level ozone
concentration. In the first case, the
observations were made during a partial
(55.7 %) solar eclipse on 03.10.2005
which started at 11:09:26 h and ended at
13:52:38 h in the region of Sofia; the
maximum being at 12:20:22 h. The lidar
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data show that the SBL was covered by a
layer of fog with a depth of about 100-
150 m from 09:00 till 10:15. The SBL
height was about 150 m. The fog cleared
away around 10:30 and the height of the
new ML gradually increased up to
H=400 m at 12:45 (i.e. for about 25 min.)
then decreased down to H=300 m at 13:00.
It started increasing again at 13:15 h, its
height reached H=600 m at 13:45. At the
end of the experiment (at 14:30 h) the ML
height was H=800 m and was covered by
clouds. In this case the ground level ozone
concentration behavior was as follows: at
the beginning of the experiment
C<10 µg/m3 till 10:00 h, it was
C=10µg/m3 at 10:30 h, shortly before the
beginning of the solar eclipse it was
C=17 µg/m3 reaching C=20 µg/m3 during
the eclipse maximum; this was followed
by a comparatively sharp increase of the
ozone concentration up to C=38 µg/m3 at
the end of the eclipse; the ozone
concentration reached C=49 µg/m3 at
15:00 h then decreased down to
C=32 µg/m3 at 18:00. The results of this
experiment could be summarized as
follows: as the ML was not developed well
enough due to the solar eclipse, the mixing
processes played a less significant role in
comparison with the photochemical
processes taking place in the atmosphere,
so the latter determined the ground level
ozone concentration. The second
experiment in this direction concerns two
days of the summer campaign in 2004,
namely 04.08.2004 and 06.08.2004. Two
types of internal gravity waves were
observed: one of them originating from a
wind shear and the second one arising
from the interaction between the thermals,
which form the new ML, and the capping
temperature inversion. Without going into
details it should be noted that in the first
case (04.08.2004) wave phenomena with a
period of about 3÷5 min. were observed at
heights of about 1200-800 m within a
layer of about 100 m in depth. In the
second case (06.08.2004) the wave
motions were observed at heights of about

800-600 m; their period was about
T=3÷5 min. The ground level ozone
concentration observed fluctuated in both
cases, which presumably is caused by the
wave motions in the atmospheric PBL
(I. Kolev, V. Grigorieva, N. Kolev,
Ts. Evgenieva, B. Kaprielov, R. Nenchev).

Investigation on the formation and
development of atmospheric gravitational
waves was performed in the frame of
project �Lidar Studies of the Aerosol
Stratification above Sofia due to
Orographic Disturbances in the
Atmospheric Dynamic� (G. Kolarov,
I. Grigorov).

In a joint lidar-meteorological
radiosonde experiment, lee wave was
detected originating from Vitosha
Mountain located near the city of Sofia.
The Vitosha Mountain�s orographic
parameters were calculated. The wave
period in each atmospheric layer with
∆z = 30 m was estimated for the entire
sounding range (1 � 5 km). A correlation
was established between the heights of the
layers with best expressed wave structure
and the profile of the Scorer parameter.
Lee waves with periods ranging from 8 to
25 minutes were observed (G. Kolarov,
I. Grigorov).

A large database was created of
atmospheric aerosol backscattering
coefficient profiles, regularly measured by
lidar each Monday and Thursday. The
gaps in the measurement schedule are due
to cloudy or rainy weather, when risk of
damage to the lidar optics existed. Failures
of the lidar system sometimes caused us to
omit some scheduled measurements. This
database grows constantly, with new lidar
profiles of the measured atmospheric
optical parameters being continuously
added (I. Grigorov).

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
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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.
EARLINET stations located on the ground
were considered 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 (I. Grigorov, G. Kolarov).

The group �Aerosol Lidar with CuBr-
vapor laser� started correlative
measurements for CALIPSO on 16 June
2006. These measurements were
performed 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.). In fact, more than 185
profiles of the atmospheric backscatter
coefficient, measured by the lidar group,
were uploaded on the servers of the
common database in Hamburg
(I. Grigorov, G. Kolarov).

The possibility was investigated for
simultaneous determination of the vector
transfer velocity of statistically
homogeneous objects by image recording.
A correlation approach was developed,
allowing for simultaneous detection of
several cross-correlation function peaks as
obtained for two recorded images of some
statistically homogeneous objects moving
with different velocities.

In order to determine the structural
parameters of the atmosphere�s refraction
index, i.e. the atmospheric turbulence, an
application was investigated of the two-
dimensional Fourier transform to a laser
radiation detected by using an image
receiver. The possibility was proven to
evaluate the coherence length of the

detected laser radiation by using the two-
dimensional spatial power spectrum
resulting from the performed Fourier
transform, rather than by direct defining of
the receiving optical system correlation
domain (V. Mitev).

2. Lidar signal processing

Recently we proposed and investigated
the feasibility of a novel approach for
gamma-ray single-sided in-depth sensing
and tomography of dense optically opaque
media. The approach is based on the
GRAYDAR (Gamma RAY Detection And
Ranging) principle, that is, time-to-range
resolved detection of the backscattering-
due radiative returns from the probed
object irradiated by pulsed gamma-photon
pencil beams. It was shown analytically
and by simulations that under Poisson
noise conditions such an approach would
enable one, at reasonable sensing-photon
fluxes and measurement time intervals, to
accurately determine the location, the
material content, and the mass density of
homogeneous ingredients within
homogeneous surroundings as well as the
mass (or electron) density distribution
within one-material objects. The new
investigations performed in this field were
directed to extending our knowledge about
the applicability of the graydar approach.
They were devoted to the problems of
detection, location, recognition and two-
dimensional imaging of homogeneous
ingredients in homogeneous or
inhomogeneous (in density) one-material
surroundings. Determining the density
distribution of the latter (inhomogeneous)
surroundings was also a problem to be
solved. The results obtained are described
below as follows.

The procedure of laterally scanning the
line-of-sight (LOS) and obtaining two-
dimensional images (sections) of the
probed objects was simulated. It was
shown that, at a number of 109 sensing
photons deposited along one LOS, one
may establish (with 2-3 mm longitudinal
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and transversal resolution) the presence,
the position, the shape, and the type of
different homogeneous ingredients,
cavities and flaws within a homogeneous
surrounding material (aluminum). The
presence of more than one flaw along one
LOS was shown not to lead to any
noticeable masking (shadowing) effect. It
was also shown that the approach is
capable of finding, identifying, and
imaging down to 5 % density-contrast,
homogeneous ingredients (plastic TNT
landmines) in homogeneous soil at depths
to 20 cm, with spatial resolution of 1 to 10
mm, for measurement time of 10 to 1000
s, and positron-emission activity of the
positron source of 50 - 300 mCi.

The possibility of detecting,
identifying and obtaining two-dimensional
images of homogeneous one-material
ingredients in one-material surroundings
with non-uniform spatial density
distribution was investigated analytically
and by simulations. A working formula
was derived (and its validity was
confirmed by simulations) for recovering
the profiles of the extinction and
backscattering coefficients of the
surrounding medium when the LOS
penetrates different homogeneous
ingredients. The simulations conducted
showed that under Poisson noise
conditions one could detect, locate, and
accurately distinguish and recognize the
explosive of a plastic landmine buried in
soil with non-uniform density distribution.
The duration of the measurement
procedure per one LOS was assumed to be
100 s at 106 photons/s incident photon
flux. The simulated longitudinal (along the
LOS) and transversal sensing resolution
was, respectively, 1 mm and 8 mm. A
relatively high recognition accuracy was
achieved (< 5 % ) at burial depths of 3 cm
to 15 cm and a relatively low extinction or
density contrast (8 - 20 %). Thus, even at a
relatively large depth of 15 cm (weak
return signal) a mine is detectable and
clearly discernible without noticeable
shadowing  effect of the  upper  soil  layers

having a higher peak-shaped density.
Furthermore, the simulations results

revealed an interesting effect observed
formerly and following from the non-
linear recurrent character of the algorithm
for retrieving the profile of the extinction
coefficient of the surrounding medium.
The effect consists in that, except the
expected accumulation of the statistical
error with increasing the depth, a chaotic
bias in the determination of the extinction
coefficient may arise and become visible
at some depth of sensing. Depending on
the concrete realization of the graydar
profile, the bias may be positive or
negative and more or less sharply
increasing with increasing the depth. In
some cases the bias is absent. Such a
chaotic instability in the behavior of the
profiles obtained could be of an
independent mathematical interest.

The investigations conducted outline
possibilities of using gamma-ray sensing
of lidar type for non-destructive evaluation
of materials and samples in industry and
archaeology as well as for detection and
recognition of plastic landmines
(L. Gurdev, T. Dreischuh, D. Stoyanov).

The potential was investigated of a
single-sided optical tomography approach
based on the lidar principle. Concretely,
the informative depth of sensing is
estimated that outlines the underside area
in the probed (say, mamographic) object
where one could reveal inhomogeneities
with some desired contrast. The sensing
radiation is supposed to consist of
picosecond laser pulses with pulse
repetition rate of ~ 10 MHz and optimum
wavelength of 800 nm. The maximum
permissible skin exposure is considered as
determinant. The longitudinal and the
transversal resolution intervals are chosen
to be 2 mm and 3 mm (or 1 cm),
respectively. It is shown that, under the
above described conditions,
inhomogeneities with contrast 1-10 %
would be detected at depths of 1 to 4 cm,
depending mainly on the values of the
attenuation coefficient chosen here to vary
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correspondingly from 1.4 mm-1 to 0.4
mm-1. The results obtained are of interest
for the development of lidar-type
mamographs and methods for measuring
(in vivo) the extinction coefficient of
tissues (L. Gurdev, T. Dreischuh,
D. Stoyanov).

Our research is marked by the
successful development of a lidar
employing powerful laser diodes for
atmospheric humidity profiling. A series
of atmospheric experiments was conducted
employing a laboratory DIAL system of
monostatic, compact, table-top
configuration with a dual-wavelength laser
source. The system comprises specialized
electronic modules with the components of
the analytical system for processing and
visualization of lidar data. The DIAL
principle is based on the successive pulse
generation by a pair of powerful laser
diodes (140 W, 150 ns pulse duration and
6 kHz repetition rate) at two laser
wavelengths of (0,85- 0,9 µm). An original
method for atmospheric humidity
measurement was developed by
considering theoretically the water vapor
molecular absorption in the 900 - 914nm
spectral band, and employing the method
of computer convolution of the
characteristic broadened laser line of the
laser diodes. The spectral error of the
detected absorption spectrum calibrated by
HITRAN data and corrected by a diode�
laser high-resolution spectrometer was
estimated to be below 5 %. The high
accuracy of the theoretical model is
confirmed by the experimental data. In this
case, the ratio of the signals reflected by a
target (mountain forest) situated 5,74 km
away from the lidar corresponds to the
derived calibration curves with the preset
spectral accuracy. The experimental error
of the DIAL measurement does not exceed
30 % on a 1-km lidar path (10 % on 0,7
km), in averaging mode (0,3 km/min) and
atmospheric humidity measured in the
interval of 11-15 g/m3. The spatial
resolution of the lidar is 20 m and the
spatial averaging set for additional noise

reduction in DIAL mode is 150 m.
Measurement of atmospheric humidity
with such spatial parameters satisfies the
meteorological requirements. In these
validation experiments, the energetic
characteristics of the lidar were lower than
its potential, which was attributed to the
mismatch of the focal spot of the telescope
to the smaller aperture of 0,5mm of the
used APD. The further development is
focused on increasing the lidar range by
introducing an analytical system
employing digital signal processor (DSP)
and development of efficient noise
reduction on the basis of neural networks,
in view of the approval of the lidar for
meteorological applications (S. Penchev,
S. Naboko, V. Pencheva, V. Naboko,
D. Stoyanov, E. Nenkova).

By using the aerosol channel of the
developed combined Raman-aerosol lidar,
initial experiments were carried out on
remote investigation of the influence of the
mountainous terrain on the contiguous
atmospheric layer. The ridge and northern
slope of Vitosha Mountain were studied.
An area of nearly 5 km2 was scanned
within a distance of 6 -1 2 km at
wavelength of 532 nm and laser pulse
repetition rate of 2 Hz. A number of 3D
plots were obtained and analyzed
(Z. Peshev, A. Deleva).

3. Lidar hardware & software

The laser tube was changed with a new
one, with average power of 2.5 W at
wavelength 510.6 nm and pulse repetition
of 13.5 KHz. The greater frequency
decreased the maximal distance of
sounding in night-time from 15 km to ~12
km, but the higher power increased the
day-time distance of sounding from 3 km
to about 5 km.

Additional reduction of the EM noise
created by the pulsed laser power supply
and interfering with the trigger pulses of
the receiving photon-counting system was
obtained by using a fiber-optic cable to
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bring part of the laser radiation to the pin
diode. This permitted us to move the
trigger pulse pin-diode away from the laser
electronics (G. Kolarov, I. Grigorov).

A selection listbox was added to the
window used to determine the parameters
of the extinction and backscatter
calculations in the program packet
�Lidar�, developed in the Laser Radars
Laboratory. The options in the list permit
one to select a value of the lidar-ratio
parameter, corresponding to the wavelengt
of the laser radiation (1064 nm, 532 nm,
355nm, 510.6 nm, variable lidar-ratio).
The last option gives the possibility to
enter an external data-file, under given
assumptions for the lidar-ratio. The
addition of selectable lidar-ratio in
processing system �Lidar� allowed us to
perform successfully EARLINET�s
algorithm for inter-comparison. The
results were used to justify the calculation
procedure applied for data processing of
the lidar-data in Sofia (I. Grigorov).

Another development of lidar software
system was performed to change the
format of the final netCDF data-files,
corresponding to the criteria of the newly
developed user interface, serving the
Internet access to the common EARLINET
database (I. Grigorov).

We further report the development of
laser modulated and heterodyne methods
of multispectral remote analysis for
material characterization. The theoretical
and experimental results were focused on
the application of the method of
photothermal displacement employing
laser heterodyne probe to a variety of
materials. In particular, it was successfully
extended to novel optical materials
developed by semiconductor, planar and
nano-technologies. A general expression
of photothermal displacement applicable
to both transparent and opaque materials
was derived by the theoretical model
developed, which was verified
experimentally for different metals and
semiconductors. The complex of physical
characteristics determining the rate of

photothermal displacement, including:
refractive index; optical absorption
coefficient; material density; thermal
conductivity; specific heat and thermal
expansion coefficient, generates a
characteristic �fingerprint� response of the
investigated material, which is detected at
the output of the laser heterodyne. Special
attention was paid to the analysis of the
specifics of the experimental and
theoretical data of silicon probes acquired
by the laser photothermal heterodyne
method. Silicon combines exceptional
optical and semiconductor properties, and
is considered as essential for applications
in the optoelectronic technologies,
including the development of future
optical computers. The understanding of
photothermal interaction of silicon enables
the precise assessment of the parameters of
semiconductor zone and crystal structure.
We believe that nonlinear optical
transitions with emission of phonons in the
crystal lattice cause a thermal flow out of
the diffusion volume of the laser focus and
explain the discrepancy between the
experimental results and the predicted
values. (V. Pencheva, S. Penchev,
V. Naboko, E. Nenkova).

The most important applied result is
the new design version of lidar�s aerosol
channel. It is characterized by high
technical and software parameters. The
aerosol channel is provided with a photo-
receiving module and corresponding
program package. They are novel
developments in conformity with the
planned lidar investigations of the low and
middle troposphere. The photo-receiving
module consists of a FEU-84
photomultiplier tube, a 14-bit ADC, and an
USB interface. Its performance is
characterized by high sensitivity, high
gain, low noise, low power consumption,
compactness, and low weight. The
software represents a suite of several basic
and some auxiliary programs. By using it,
one can perform a real-time control of the
lidar system during the measurements,
read data from the photo-receiving
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module, and visualize single or averaged
lidar profiles. A feature of the software is
the possibility provided for storing big
volumes of raw data, as well as for their
fast selection and processing. As a result

of the processing, the profiles of the
atmospheric backscattering coefficient are
retrieved and the calculation error is
estimated (A. Deleva, Z. Peshev,
V. Mitev).
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ONGOING RESEARCH PROJECTS:

Financed by the National Science Fund of the Republic of Bulgaria

1. Ph-1408 Development of powerful Raman lidar for sounding the molecular components in
the low and middle atmosphere.
2. ES-1406 Peculiarities of ozone variations and investigation of processes, responsible for
their existence.
3. YS_Ph-1406 Lidar determination of microphysical characteristics of natural and
anthropogenic atmospheric objects.
4. Ph-1511 with NSF Lidar methods for high resolution probing of inhomogeneous objects
by optical and gamma radiation.
5. YS Ph-1510 Simulated and experimental investigations on retrieving of time-resolved
profiles at dynamic photon fluxes in laser radars.

Financed by the National Innovation Fund

1. IF-00-121/06 Laser opto-electronic system for optical tomography.

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. Investigation of orographic disturbances in the atmosphere above the city of Sofia by lidar
probing of the vertical aerosol layers distribution.
5. Statistical analysis of the concentration fluctuations at lidar sensing of the atmospheric
aerosol.
6. Lidar monitoring of atmospheric gaseous components by powerful pulsed diode lasers.
7. Ozone variations in the low atmosphere in different temporal scales.
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COLLABORATIONS:

European Aerosol Research Lidar Network: Advanced Sustainable Observation System
EARLINET � ASOS, financed through the VI-FP of EU.
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).
Optical and MW remote characterization of dynamic small-size submicron structured systems
in life-sciences and industry,
University of Liege, Liege, Belgium.

Investigation of the aerosol fields transformations in industrial centres by lidar,
Institute of Physics, National Academy of Science, Minsk, Belarus.

Earlinet Foundation (founded in 2004) by the research teams from 14 European countries,
creating the European Lidar Network by development of the EARLINET project, financed
through the V-FP and VI-FP of EU.



Laboratory Microwave Remote Sensing72

LABORATORY

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

TOTAL STAFF: 16

RESEARCH SCIENTISTS: 14
Prof. Z. Genchev, Dr.Sc.; Assoc. Prof. N. Kostov, Ph.D.; Assoc. Prof. M. Mikhalev, Ph.D.;

Assoc. Prof. V. Atanassov, Ph.D.; Assoc. Prof. O. Yordanov, Ph.D.;
Assoc. Prof. N. Nedeltchev, Ph.D.; I. Sirkova, Ph.D.; E. Krasteva, Ph.D.; N. Kitova, Ph.D.;

K. Kostov; L. Mladenov; I. Atanasov; L. Vulkova; G. Dimitrova.

RESEARCH ACTIVITIES:

1. Microwave radiometers for remote
sensing applications

Under the joint research project
�Design and development of a C-band
microwave radiometer and its applications
for remote sensing of vegetation cover and
sea surface environment in Vietnam�
concluded between the Institute of
Electronics, BAS, and the Institute of
Physics and Electronics, Vietnamese
Academy of Science and Technology,
Hanoi field experiments for passive
microwave remote sensing of soil
moisture, vegetation and sea surface were
carried out in Vietnam in November 2006.
Two microwave radiometers, namely the
L-band noise-injection radiometer (LNIR)
(1.41 GHz) and the C-band total-power
radiometer (CRM) (3.5 to 3.7 GHz) were
used for measuring the brightness
temperature of rough bare soil, rice and
corn canopies, and sea surface (from the
deck of a small wooden ship). Due to
technical problems only the CRM
experimental data (3.626 GHz, H-pol) was
used. Supporting measurements of soil
moisture, soil and vegetation temperatures,
vegetation biomass, sea salinity, sea
temperature, and wind speed were also
conducted.

The experimental radiometric data
were processed and thoroughly analysed.

Different algorithms for soil moisture
estimation and soil roughness correction
were investigated and compared. Very
good correspondence with the ground-
truth data is observed. 

An original algorithm for estimating
the sea brightness temperature from the
CRM data is proposed and successfully
tested. Corrections for the reflected sky
brightness temperature and the wind
effects are made. The estimated sea
brightness temperature values may be used
for calculating the sea surface salinity or
the sea surface temperature, respectively
using a priori information about the other
parameter. The proposed algorithm is also
applicable for L-band radiometer data
processing.

The testing of the radiometer CRM in
field conditions, incl. in tropical conditions
in Vietnam, has shown that it could be a
valuable tool for ecosystem monitoring [1,
K.G.Kostov, B.I.Vichev, Joint Bulgarian �
Vietnamese Passive Microwave Remote
Sensing Experiments in Vietnam,
Microwave Remote Sensing Lab Report,
IE-BAS, Sofia, Dec 2006].

In [2], the temperature drift effects on
total power radiometer (TPR) performance
are discussed. Algorithms for correction of
temperature drift effects are presented.
Examples are given to illustrate the
problems related to thermal drift in low-
budget TPR designed using components
for satellite TV receivers.
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2. Microwave propagation modeling
under complicated terrain and
meteorological conditions 

A survey is made on one of the most
widely used approximation methods in the
wave propagation studies - the parabolic
wave equation method (PWE), � applied
to the specific case of microwave
propagation assessment under tropospheric
ducting conditions. A brief review of
tropospheric refractivity profiling
methods, the average refractivity modeling
and the applicability of the often-assumed
lateral homogeneity of the refractivity is
included as well. The PWE derivation and
the numerical methods for solving it are
summarized with special emphasis on
transparent boundary conditions for the
upper computational window boundary.
Results are reported illustrating the
application of finite element method and
split-step Fourier based solutions to PWE
for different cases of tropospheric ducts,
concerning radar and communications
links performance [3-5].

3. Scattering of electromagnetic waves
from natural media 

A method for experimental assessment
of the complex permittivity and thickness
of thin metal layers was developed for the
purposes of nano-technologies, and
integrated circuits production and design.
These basic thin layers parameters are
evaluated using laser measurements of
their reflectivity [6].

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

We studied two types of structures that
are thought to emerge as coupling of
extended and distributed chaotic
processes: computer simulated epitaxial
surfaces and a 200 nm thick yttrium-
barium-copper oxide (YBCO) film grown
by pulsed laser deposition and measured

using atomic force microscopy (AFM) at
Cambridge University [7]. We
implemented and assessed several
statistical methods for morphology
characterization, which can largely be
divided into two classes. The first class is
based on estimation of two-point,
quadratic statistical functions and includes:
estimates of the sample autocovariance
function, sample height-height correlation
(also, structure) function and periodogram
estimate of the surface power spectrum.
The second class incorporates estimation
of up to the fourth statistical moments of
the local curvature on a fixed scale. In all
cases we inferred and discussed scaling
properties, degree of anisotropy and
deviation from Gaussian distribution of
surface heights [7].

Motivated by the need of suitable
mathematical tools capable to describe
specific aspects of the emergent structures,
we derived a third-order differential
equation and studied some of the
properties of a special function, which
serves to express two of solutions of the
equation [8,9]. The first of these solutions
is asymptotically scale-invariant and was
employed in the theory of approximately
scale-invariant random fields introduced
by us earlier. The second possess
multiplicative scale-invariance and can
serve as one-sided finite-size scaling
function. The third is found to be simply a
power-law function and hence exactly
scale invariant [8,9].

5. Propagation of nonlinear electro-
magnetic waves

We studied the perturbed version of
the complex Toda chain [10] as well as a
Hamiltonian approach to the analytical
study of the interactions of soliton trains in
matter waves. We gave a very detailed
account of the analysis and the underlying
mathematics and confirmed the results via
a comparison to a numerical solution of
the nonlinear Schrödinger equation for the
system. We suggested an explanation for
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the "missing" solitons observed in the
experiment and found new and interesting
dynamical properties for soliton trains in
harmonic potentials and underlying optical
lattices, where the soliton repulsion can
lead to an expulsion from the train region.
These findings are new and relevant to
current experiments and give significant
insight into soliton interactions. 

A three-component nonlinear
Schrödinger-type model, which describes
spinor Bose-Einstein condensates was
studied [11]. These types of χ3 interactions
are integrable by the inverse scattering
method. We analyzed the properties of its
Hamiltonian and outlined an algebraic
procedure to derive their three types of
soliton solutions based on Zakharov-
Shabat dressing method. Their
applications to spinor model of Bose-
Einstein condensates are discussed.

New integrable systems describing
interacting waves [11] with quadratic and
cubic nonlinearity of N-wave type and
multicomponent nonlinear Schrödinger
equations were analyzed. Some of these
systems have applications to radiophysics,
nonlinear optics and Bose-Einstein
condensates.

6. Physics of electromagnetic
interactions and light forces

Analytical results were obtained for the
contribution of electromagnetic
fluctuations to the distribution of
interaction energy and pressure in isotropic

systems whose properties depend only on
one spatial coordinate. If we neglect the
continuous inhomogeneity introduced here
and consider the simplest case of two
macroscopic homogeneous bodies
separated by a homogeneous film our
result reduces to the well-known Lifshitz
formula. As a first application of the
theory, a one-dimensional modulated
system with a homogeneous layer
embedded in it was considered and a
suitable perturbation theory for this system
was developed. As a second application of
theory, we considered the van der Waals
interaction between two semi-infinite
media across a planar region within which
there is a thin film having an arbitrary
variation of the dielectric permittivity. The
importance was elucidated of the precise
evaluation of the transverse magnetic
surface mode dispersion relation in
inhomogeneous media. For concreteness,
the influence of the transition layer
between water and lipid in a symmetrical
configuration was considered in some
detail. The zero-frequency term and the
dispersion-only contribution to the
Hamaker coefficient were given
analytically using some approximations
and modeling of the dielectric constants
reasonable for these dielectrics at room
temperature. The results indicate the
necessity of performing Lifshitz-type
calculations on realistic inhomogeneous
layered models, as are the models
described here, for accurate interaction
energy modeling [12-14].
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15. Sabchevski S, Zhelyazkov I, Benova E, Atanassov V, Dankov P, Thumm M,       
Dammertz G, Piosczyk B, Illy S, Tran MQ, Alberti S, Hogge J-P,
Development of new generation software tools for simulation of electron beam formation in
novel high power gyrotrons,
J Phys: Conf Series 2006;44:96�101.

16. Sabchevski S, Zhelyazkov I, Benova E, Atanassov V, Dankov P, Thumm M, Arnold A,
Piosczyk B, Jin J, Rzesnicki T,
Quasi-optical converters for high-power gyrotrons: a brief review of physical models,
numerical methods and computer codes,
J Phys: Conf Series 2006;44:102-109.

ONGOING RESEARCH PROJECTS:

Financed by the National Scientific Research Council

F-1203/02 Emergent structures and collective behavior in extended and distributed chaotic
systems.

TN-1314/04 Design and development of a C-band microwave radiometer and its applications
for remote sensing of vegetation cover and sea surface environment in Vietnam.

F-1410/04 Soliton models and applications in nonlinear optics.

COLLABORATIONS:

Design and development of a C-band microwave radiometer and its applications for remote
sensing of vegetation cover and sea surface environment in Vietnam,
Space Technology Application Center - Institute of Physics and Electronics - Vietnamese
Academy of Science and Technology, Hanoi, Vietnam.

LABORATORY VISITS:

Prof. Zh. Genchev, Meeting of the Board of the Computational Physics Group at the EPS,
Nordita: Trondheim University, Norway, 30 September � 3 October 2006.
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LABORATORY

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

TOTAL STAFF: 10

RESEARCH SCIENTISTS: 6
Assoc. Prof. K.G. Grigorov, Ph.D.; T. Koutzarova, Ph.D.; S. Kolev, Ph.D.;

Ch. Ghelev; T. Merodiiska; T. Beneva.

Ph.D. students: L. Slavov; P. Lukanov.
WFS guest scholarship student: E. Daikova

RESEARCH ACTIVITIES:

1. Phase and structural particularities of
nanosized magnetic materials

A paraprocess was observed in barium
hexaferrite nanoparticles with size below
the critical monodomain size and with
very high magneto-crystalline anisotropy
(K1 = 3.3 x 105 Jm-3). The effect is
manifested at a temperature of 4.5 K and
very high magnetic fields (from 130 to
240 kOe) in particles with quasi-spherical
shape and size below 80 nm. This effect
allows one to explain the magnetic
interaction between the disordered
magnetic moments at the particle�s surface
with the ordered antiferromagnetic
structure in the particle�s core in the case
of high anisotropy. The studies were a
continuation of the work devoted to
modeling the surface/core magnetic
interaction in monodomain magnetic
particles. 

Monodomain magnetite (Fe3O4)
particles synthesized using a technology
patented by the Microwave Magnetics
Laboratory (Patent No.
107837/22.05.2003) and encapsulated in
cyclodextrin were used to prepare stable
aqueous magnetic fluids, which are bio-
compatible. A self-organization effect was
observed when the particles were placed in
a d.c. magnetic field. In the case of non-
superparamagnetic particles, a specific
chain-like structure is formed upon

removal of the field with length of several
microns. The fluids prepared in the
laboratory were studied in view of possible
biomedical applications. The results
obtained demonstrated that such fluids
may be used as contrast agents in magnetic
imaging (NMR) of soft tissues of living
organisms.

2. Etching of thin diamond-like carbon
(DLC) films

A plasma reactor was designed based
on a hollow titanium cathode and
operating at low pressure of various gas
media. The reactor was used to study the
rate of etching of thin DLC films as a
function of the ion-beam energy and
density, the magnetic field strength and the
power dissipated in the plasma jet. It was
fund that the etching rate increases by a
factor of about seven when the strength of
the magnetic field encircling the plasma jet
is raised from 0 to 6 mT. Atomic force
microscopy was used to study the in detail
the DLC surface changes on a nanometer
scale. The results show that when a DLC
surface is treated in the way described the
formation of needle-like structures is
considerably reduced. The films were also
studied by means of Raman spectroscopy,
which revealed that when the signal is
deconvoluted the area of the so-called D-
band is reduced at the expense of the G-
band. We relate this change to the decrease
of the weak bonds at the expense of the
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sp3 and sp2 bonds. In summary, one can
conclude that the plasma treatment of thin
diamond-like carbon films under optimal
conditions results in an improvement of
the planar structure and in �alloying� of

the films surface, which, combined with
the films specific physical and chemical
properties, makes such structures very
promising materials for applications in the
modern micro- and nano-technologies.
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Surface oxidation, size and shape of nano-sized magnetite obtained by co-precipitation,
J Magn Mater 2006;300:358-367.
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Characterization of magnetic nanoparticles and their organization in magnetic fields,
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Magnetic and microwave properties of nanostructured ferroxides with low and high magneto-
crystalline anisotropy,
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Institute of Electronics Annual Report 2005, 118 pages,
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ONGOING RESEARCH PROJECTS:

Financed by the National Council for Scientific Research

НТ � 1-01/2003 Nano-structures for microwave and optical measurements.

Financed by other funds
3D- TV Network of 6FP.
NATO Reintegration Grant EAP.RIG.981472 - Nanocomposites - Magnetic
Superconductors and Ferroxides for Microwave Applications.

COLLABORATIONS:

Doping effects in magnetic ceramics and optical, gamma and microwave remote
characterization of dynamic small-size submicron-structured systems in life sciences and
industry,
University of Liege, Belgium.

Nanostructure ferroxide powders for biomagnetic applications,
University of Gent, Gent, Belgium.

Les fluides et les composites superparamagnetiques pour des applications biomagnetiques et
electroniques,
University P. Sabatier, France.

Surface anisotropy and magnetic behavior in superparamagnetic ferroxides particles with two
and more magneto-crystalline sublattices,
Institute of Low Temperatures and Structural Research, Polish Academy of Sciences,
Wroclaw, Poland.

GUESTS:

Prof. R. Vandenberghe from University of Gent, Belgium, Joint Research Project
�Nanostructure ferroxide powders for biomagnetic applications� between IE-BAS and Gent
University, Belgium, 14 days.
Dr. Emanuel Flahaut from University P. Sabatier, France, 4 days.

LABORATORY VISITS:

Prof. I. Nedkov � Paul Sabatier University, Toulouse, France, Nanostructured magnetic
materials, 1 month (invited professor).
Prof. 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.
Assoc. Prof. K. Grigorov - Institute of Aeronautics, Brazil, two months.
Assoc. Prof. K. Grigorov - Institute of Low Temperatures and Structural Research, Polish
Academy of Sciences, Wroclaw, Poland, 21 days.
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Dr. T. Koutzarova � University of Liege, Belgium, Doping effects in magnetic ceramics and
optical, gamma and microwave remote characterization of dynamic small-size submicron-
structured systems in life sciences and industry, 7 days. 
Dr. S. Kolev �Josef Stefan Institute, Ljubljana, Slovenia, Studies on the magnetophoresis
process as a possible technique for fabricating oriented hexaferrite films, 4 months.
L. Slavov - University of Gent, Department of Subatomic and Radiation Physics,  Mössbauer
measurements of iron-containing nanomaterials, 3 months. 
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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. Zabov, Ph.D.;
B. Simeonova, Ph.D.; A. Enikova; V. Ranev; L. Kokonchev; K. Markov.

RESEARCH ACTIVITIES:

1. Low noise MW transistor amplifiers

Based on the methodology for
optimization of the characteristics of wide-
band multi-stage transistor amplifiers,
which was proposed earlier by us, two
transistor amplifiers operating in the 0.3 -
1 GHz and 4 - 8 GHz ranges were
designed and experimentally studied. The
calculations performed were focused on
the matching circuits (at the input, output
and between the stages) implemented by
using discrete and quasi-discrete
components, so that their characteristics
would be as close as possible to those
obtained by modeling. The design
procedure applied resulted in the following
theoretical characteristics of the amplifiers
implemented by using microstrip
technology: gain of 37 and 20 dB, noise
figure of less than 0.5 and 1 dB at gain
flatness of ± 1 dB, for the 0.3 - 1 GHz and
4 - 8 GHz ranges, respectively. These
results are in very good agreement with
those obtained by applying the model with
perfect matching components. 

The amplifiers were implemented in a
three-stage and a two-stage version, for the
lower and the higher frequency range,
respectively. The characteristics measured
revealed a negligible increase of the noise
coefficient (0.1 - 0.3 dB) in comparison
with values obtained by calculations. This
discrepancy can be explained by the losses
in the chip capacitors, which were not
accounted for by the model. The

experimental results obtained demonstrate
the efficiency of the methodology
proposed when applied to the design of
wide-band transistor amplifiers with a
minimal noise coefficient at a given gain.
The performance of the low-noise
transistor amplifiers thus implemented is
comparable to that of amplifiers operating
in the same frequency ranges developed by
leading companies in this field. 

2. Power amplifier in the 1.1 - 2.5 GHz
range

Under a project of �Electron-Progress�
AD aimed at developing equipment for
signal reception suppression in remotely
controlled radio-electronic devices, the
building components parameters and the
characteristics were calculated of a high-
power transistor amplifier operating in the
frequency range 1.1 - 2.5 GHz, with output
power of 20 W and gain exceeding 45 dB. 

The main problems in designing highly
efficient multistage amplifiers operating in
a wide frequency range stem from
difficulties in accounting for the saturation
effects at the transistors� inputs and
outputs, and in synthesizing matching
circuits with impedance transformation
exceeding 20. No efficient transistor
models have so far been developed that
could take into account the nonlinear
effects at large signals, as well as their
temperature dependence. When designing
the device, we used the small-signal
transistor model, with independent
simulation and performance optimization
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being applied for each stage. We were thus
able to achieve uniform transistor gain and
avoid the possible saturation within the
frequency band. The structure and the
components of the matching circuits at the
transistors� inputs and outputs were
determined by using the technique for
designing low-noise transistor amplifiers
developed by us. Special emphasis was
placed on possibility for additional
adjustment during the experimental studies
of the amplifiers.

The device was designed and
implemented as a five-stage amplifier
making use of the micro-strip technology.
The experimental data obtained were in
very god agreement with the simulation
results. The output power measured was in
the intervals 18.5 - 25 W and 22 - 34 W
for the ranges 1.1 - 2.5 GHz and 1.5 -
2.5 GHz, respectively, with gain exceeding
46 dB and flatness below ±1 dB. The
parameters quoted are comparable with
those of the very expensive imported
amplifier used at present. 

3. MW receiver for radiometric
monitoring of the Sun in the 2.5 - 3.1
GHz range

A MW receiver was developed
intended for radiometric monitoring of the
Sun in the frequency range 2.5 - 3.1 GHz.
The work was performed as a part of a
contract entitled �Environmental
Parameters Monitoring� concluded
between the Faculty of Physics of
University of Sofia and the Ministry of
Education and Science. 

The receiver consists of an antenna, an
input low-noise MW amplifier, a band-
pass filter, a mixer, a tunable oscillator, an
intermediate-frequency amplifier, a band-
pass filter at the intermediate frequency
and an amplitude detector. 

The key component of the radiometers
design is the low-nose input amplifier. For
one and the same time for signal
integration, the temperature resolution is

determined by the amplifier�s noise figure
and bandwidth. The amplifier was
designed by means of the efficient
technique, developed by us, for achieving
a minimal noise figure at given bandwidth
and gain. 

The amplifier comprises three stages
and was calculated to exhibit a noise figure
of less than 0.8 dB and gain of 37 dB
within the frequency band 2.5 - 3.1 GHz.
The high gain achieved results in a
reduction of the subsequent devices�
influence on the overall noise figure of the
receiver (less than 0.001 dB). The
parameters measured experimentally were
very close to those obtained by simulation.
The low-noise intermediate frequency
amplifier was calculated by applying the
same technique and exhibited a noise
figure of 0.5 dB and gain of 38 dB in the
frequency band 0.25 - 0.85 GHz. In order
to suppress the unwanted signals outside
the frequency band, Chebishev type band-
pass filters were calculated and
implemented. The signal rejection at 10 %
of the band wings exceeded 45 dB. The
mixer implemented was of the balanced
type, which results in better isolation
between the MW signal input, the
heterodyne input and the intermediate-
frequency output in comparison with a
one-diode mixer. Additional suppression
of the local-oscillator signal at the mixer
output is achieved by means of a two-loop
rejection filter with attenuation exceeding
30 dB. With the aim of reducing the signal
reflection due to the high impedance of the
diode detector at low signal (500 - 2000
Ohm), we applied a combined matching
technique based on a transforming circuit
and an attenuating circuit. The detector�s
sensitivity was thus increased by about
10 dB. The tangential sensitivity measured
was 0.4 mV/ µW.

The studies performed resulted in the
implementation of a receiver for the 2.5 -
3.1 frequency band with gain exceeding
60 dB, gain flatness ± 1.5 dB, and noise
figure less than 1 dB. The device is used in
Astronomical Observatory, Sofia, for
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radiometric studies of the Sun activity in
the 3 GHz MW band. 

4. Spectroscopic monitoring of
atmospheric compounds

A novel technique was developed of
simultaneous measurements of
atmospheric temperature and humidity as
well as of ozone and CO2 concentration.
The method is based on using distributed
feedback (DFB) quantum cascade laser
(QCL). The thermal chirp during 400 ns
long laser pulses at repetition rate of 1 kHz
is used for fast wavelength scanning of
two water-vapor absorption lines, a few O3
lines and a CO2 line, centered at 1032 
cm-1. A tuning range of 1.7 cm-1 was
achieved. The fast wavelength scanning of
the QCL has the advantage of not being
affected by atmospheric turbulence, which
is essential for long open path
measurements. A direct absorption method
was adopted in the measurements. A
monostatic experimental setup consisting
of a QCL, a retroreflector and a detector
was employed for long (up to 6 km) open
path measurements. Several ozone
absorption lines in this spectral range are
used to retrieve the ozone concentration in
the range between fractions of ppb up to a
few hundreds ppb. A single relatively
strong CO2 absorption line is used for CO2
concentration measurements. The
significant difference in the temperature
dependences of the absorption cross�
sections of the two water-vapor absorption
lines is used to calculate the relative and
absolute humidity as well as the air
temperature. This is illustrated in Fig. 1.
This figure shows temperature
dependences of two water-vapor
absorption lines at different relative
humidity and illustrates the possibility to
extract the values of the humidity and the
atmospheric temperature by measuring he
differential absorption of the lines.

The detection limit for ozone is about
0.2 ppb at a 6 km open path. The
sensitivity of the relative humidity

measurements depends from temperature
and at 293 K is about 1%. The resolution
of the temperature measurements is better
than 0.5 K. The column densities retrieved
from the transmittance spectra are obtained
for relatively short averaging times of 10
seconds, as compared to other open path
techniques. This time can be decreased by
a factor of more than 100 by using faster
acquisition system, which is unique for
long open path atmospheric monitoring
equipment. Additional important
advantages of this method is the much
higher haze immunity, compared to UV-
visible open path spectroscopic
techniques.

 Fig. 1. Determination of the water vapor concentration
and atmospheric temperature.

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

Theoretical models were proposed for
the current consumed by single-phase
rectifier circuits with pulse-width
modulation of two and three pulses during
a half-period of the line voltage in the case
of ideally smooth load current. On the
basis of the method developed for
calculating the converters� power
efficiency, optimization was performed
aimed at eliminating or reducing some
selected high harmonics in the input
current curve while maintaining the higher
power factors.

The results of the simulations showed
that for the models with two and three
pulses during a half-period of the line
voltage, the amplitudes of the high
harmonics selected by us can become zero

http://apps.isiknowledge.com/WoS/CIW.cgi?SID=Z2mE5CkgPOF6KCPk7kM&Func=OneClickSearch&field=AU&val=Taslakov+M&ut=000236529400016&auloc=1&curr_doc=1/1&Form=FullRecordPage&doc=1/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=Z2mE5CkgPOF6KCPk7kM&Func=OneClickSearch&field=AU&val=Taslakov+M&ut=000236529400016&auloc=1&curr_doc=1/1&Form=FullRecordPage&doc=1/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=Z2mE5CkgPOF6KCPk7kM&Func=OneClickSearch&field=AU&val=Taslakov+M&ut=000236529400016&auloc=1&curr_doc=1/1&Form=FullRecordPage&doc=1/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=Z2mE5CkgPOF6KCPk7kM&Func=OneClickSearch&field=AU&val=Taslakov+M&ut=000236529400016&auloc=1&curr_doc=1/1&Form=FullRecordPage&doc=1/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=Z2mE5CkgPOF6KCPk7kM&Func=OneClickSearch&field=AU&val=Taslakov+M&ut=000236529400016&auloc=1&curr_doc=1/1&Form=FullRecordPage&doc=1/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=Z2mE5CkgPOF6KCPk7kM&Func=OneClickSearch&field=AU&val=Taslakov+M&ut=000236529400016&auloc=1&curr_doc=1/1&Form=FullRecordPage&doc=1/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=Z2mE5CkgPOF6KCPk7kM&Func=OneClickSearch&field=AU&val=Taslakov+M&ut=000236529400016&auloc=1&curr_doc=1/1&Form=FullRecordPage&doc=1/1
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or significantly reduced. The use of the
models proposed in other rectifier circuits

will improve their power efficiency and
will offer considerable practical benefits.
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ONGOING RESEARCH PROJECTS:

Financed by Electron Progress Ltd, Bulgaria

Signal Reception Suppression Device in Remote Activation of Radio-Electronic Equipment.

Financed by Astronomical Observatory, Sofia

Microwave receiver for monitoring of Sun activity.

COLLABORATIONS:

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

LABORATORY VISITS:

Dr. M. Taslakov,
Technical University of Lausanne, Switzerland, one year.
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LABORATORY

PHYSICAL TECHNOLOGIES

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

TOTAL STAFF: 6
RESEARCH SCIENTISTS: 5

Assoc. Prof. I. Martev, Ph.D.; Assoc. Prof. T. Uzunov, Ph.D.;
D. Dechev; N. Ivanov; N. Lutakova.

RESEARCH ACTIVITIES:

1. Growth of thin films of transition
metals nitrides and investigation of their
physical characteristics and mechanical
properties

The activity under this topic is directed
to the synthesis of multilayer structures
consisting of alternatively deposited thin
films with nanometer thickness of
homologue materials, nitrides of the
transition metals titanium, tungsten and
molybdenum. Such structures, based on
thin film compound materials with good
mechanical properties, possess superior
mechanical qualities in comparison with
those of the single materials. They are
frequently termed as �superlattices�. This
work is related to the research project
�Physical characteristics and mechanical
properties of multilayer nanostructures of
complex nitrides of transition metals�
financed by the National Science Fund of
Bulgaria.

Thin films of TiN and W2N were
deposited by DC reactive magnetron
sputtering in a high vacuum system
equipped with several magnetron targets of
pure metals, convenient for the formation
of multilayer structures of different
compounds in a single deposition cycle.
These two materials have identical crystal
structure and close values of the lattice
parameters (mismatch less than 2.6%)
which make them a very convenient
combination for the synthesis of a
superlattice. The films were deposited on

instrumental steel R18 and on sintered
hard alloy KM1. The adhesion of the films
to these substrates was measured in
dependence of the nitrogen partial pressure
and the deposition temperature.

The composition of the films with the
highest adhesion was evaluated by a
quantitative AES analysis. The
quantification of the TiN films
composition was performed by a
comparative analytical approach. This
evaluation gives the stoichiometric
composition of TiN films with uncertainty
of about 10 %. The composition of W2N
films was quoted using table values of the
relative sensitivity factors of W and N.
The calculated composition is W1.7N1,
with standard uncertainty of 10 to 15 %.

The film structure was investigated by
transmission electron microscopy and
electron diffraction. The W2N films
consist of crystallites with average sizes of
0.1 to 0.2 µm. The electron diffraction
pattern shows a concurrent presence in the
films of multiple monocrystals with
diverse orientations.

The hardness of the two types of
materials was measured at several points
on the surface of films thick enough in
order to eliminate the influence of
substrates on the accuracy of the results.
The thickness of TiN films was 1000 nm
and that of W2N was 400 nm. The
averaged hardness values were 18400 MPa
for TiN and 10900 MPa for W2N. For both
thin film materials the hardness is about 10
% lower than that of the respective bulk
materials.
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2. Surface properties of instrumental
steel after electro-physical treatment 

DC magnetron sputtering was utilized
for deposition of single-layer coatings of
titanium, tungsten, titanium nitride and
tungsten nitride on substrates of different
types of instrumental steel: R18, 3Cr2В8F
and 4Cr5MFC. The adhesion of the
coatings was studied in dependence on
several process parameters: the power of
the magnetron discharge (for Ti on R18),
the partial pressure of nitrogen and the
deposition temperature (for WN and TiN
on R18 and 3Cr2В8F).

The microhardness, Young�s modulus
and the energy of plastic deformation of
tungsten nitride and titanium nitride
coatings on non-nitrided and pre-nitrided
steel substrates were measured. The

dependence of these mechanical quantities
on the angle of incidence of the vapor
stream was investigated.

The morphology of the TiN films and
its dependence on the angle of incidence of
the vapor stream was also investigated.

The sheet resistance of WN and TiN
coatings was measured. The influence of a
subsequent nitriding of coatings on the
sheet resistance was studied.

The technological parameters for
surface pretreatment with cleaning
processes of substrates of shock-resistant
polystyrene (UPS 793) and polypropylene
(PP 6631) were specified. These processes
are chemical cleaning and cleaning in a
glow discharge before the deposition of
coatings of aluminum, copper-zinc alloy
and stainless steel.

PUBLICATIONS:

1. Radeva EI, Martev IN, Dechev DA, Ivanov NI, Tsaneva VN, Barber ZH,
Sensitivity to humidity of TiO2 thin films obtained by reactive magnetron sputtering,
Surface and Coatings Technology 2006;201:2226-2229.

CONFERENCES:

Ts. Uzunov, D. Dechev, I.N. Martev, N. Ivanov,
Deposition and mechanical properties of titanium nitride (TiN) and tungsten nitride (W2N)
coatings,
Anniversary Conference EPF-Sliven, October 2006, Sliven, Bulgaria.

ONGOING RESEARCH PROJECTS:

Financed by the National Council for Scientific Research

F�1514/05 Physical characteristics and mechanical properties of multilayer nanostructures of
complex nitrides of transition metals.
F-1208 Optical coatings on polymer optics.

Financed by the Bulgarian Academy of Sciences

Interaction of neutrals and ions with solid surfaces.

Financed by the Technical University of Sofia

N 772 NI-16/2006 Investigation of the surface properties of instrumental steels treated by
electro-physical methods. 
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LECTURE COURSES:

Physics; Materials Science IV (Laser, Electron and Ion Technologies); Physics of the Metals;
Ecology;
Sliven Faculty of Engineering and Education of the Technical University of Sofia.

Materials for Electronics,
Sliven College of the Technical University of Sofia.



     SELECTED PROJECTS
           ●   Nanostructured Photonic Sensors � Nanophos
           ●   Ground-state Magneto-optical Resonances in

Cesium Vapour Confined in Thin Cell
           ●   Lidar, Sunphotometer and Spectroradiometer

Measurements of the Atmospheric Aerosol
Optical Characteristics

           ●   Bulgarian-Vietnamese Passive Microwave
Remote Sensing Experiments in Vietnam

           ●   Magnetic Nanocomposites for Microwave
Applications
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Nanostructured photonic sensors - Nanophos 

IST-2001-39112 Project 5th FP, EU 
 

P.A. Atanasov, A.Og. Dikovska, N.E. Stankova, T.J. Stanimirova, 
T.R. Stoyanchov, I.G. Dimitrov, M.E. Koleva, S.D. Donchev 

 
 
1. Introduction 
 
 

Metal oxides have been widely used as 
gas sensing materials where changes in 
their electrical characteristics under the 
influence of different gases have been 
detected. However, the effect of gas 
exposure on the optical parameters, such 
as transmittance, reflection, and refractive 
index, has not so far been thoroughly 
investigated, while at the same time the 
interest to this possibility for sensing 
action has been increasing. Generally, the 
metal oxides are transparent in the visible 
and the near-infrared spectral ranges. Most 
of the technologies for metal oxides 
deposition favor preparation of thin layers 
in planar geometry. This is the reason why 
the efforts have normally been directed 
toward the development of sensor devices, 
which register the changes of the optical 
characteristics of integrated optics planar 
waveguides. Studies have been carried out 
of the influence of different gases on the 
refractive indices of deposited metal oxide 
films and changes of the effective 
refractive indices. The goal of the project 
was to develop and study possible 
approaches to designing sensor elements 
by measuring the changes in the 
waveguide properties.  
 
 
2. Recent results and discussion 
 

Butane sensitive elements based on the 
waveguide propagation of light in thin or 
periodically structured ZnO, TiO2, WO3 or 

ITO films were produced and tested. High 
optical quality c-axis oriented ZnO thin 
films were grown by pulsed laser 
deposition on quartz (amorphous or 001) 
substrates using an excimer XeCl* laser 
source (λ = 308 nm, τFWHM = 20 ns, 
ν = 2 Hz), operated at a laser fluence of 
2 J/cm2 for a 4-cm target-substrate 
distance. In the case of the periodical 
structured configuration, a holographic 
grating (period Λ = 552 nm and depth 
h = 235 nm) was first produced on the 
amorphous quartz substrate by using a 
HeCd laser in a standard holographic 
configuration and then the ZnO film was 
deposited. The depth of the grooves 
decreased to about 90 nm, as the period of 
the grating remained unchanged. A prism 
coupling or periodical structure was used 
in order to introduce the light into the 
planar waveguides and to ensure an optical 
detection mechanism. ZnO films have 
been proven to be sensitive to butane 
(down to 100 ppm diluted in air or N2). 
The periodically structured ZnO 
waveguides are sensitive to butane (1000 
ppm diluted in air). 

A simple sensor element consisting of 
a side-polished single-mode fiber and a 
planar metal oxide waveguide is described. 
The thin ZnO planar waveguide was 
produced on the polished fiber surface by 
pulsed laser deposition at optimized 
processing parameters. A measurement 
set-up for in-situ control of the film 
thickness during the deposition process 
was developed and used. The numerical 
evaluation of the sensor sensitivity 
predicts the possibility to detect refractive 
index changes of less than 10-4.
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                                                a)                                             b) 
Fig.1. (a) Height profile of the periodically structured quartz substrate with a period Λ = 552 nm and depth h = 235 nm;       

(b) AFM image. 

 

                                                a)                                             b) 
Fig. 2. (a) Height profile of the periodically structured ZnO waveguide. The depth of the periodical structure is about          

100 nm; 
             (b) SEM photograph of the ZnO waveguide. 

Magnification ×10 000. 

 
 
Fig. 3. Measurement of sensing properties of periodically 

structured ZnO waveguides. 

 
Fig. 4. Measurement of sensing properties of thin ZnO 

waveguides. 500 ppm butane deluted in N2. TM1 
mode is used. 

Fig. 5. Change of mode position at CO2 exposure: black 
line – 1x103 mbar N2; green line – nitrogen + CO2 
mixture. 
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Ground-state magneto-optical resonances 
in cesium vapor confined in extremely thin cell 
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S. Cartaleva1, L. Petrov1, D. Sarkisyan3, D. Slavov1, K. Vaseva1 
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72 Tzarigradsko Chaussee, 1784 Sofia, Bulgaria 
2Department of Physics, University of Latvia, 19 Rainis blvd, Riga LV-1586, Latvia 

3Institute of Physical Research, 
National Academy of Sciences of Armenia, Ashtarak-2, Armenia 

 
1. Introduction 
 

Recently, the high resolution 
spectroscopy of alkali atoms confined in a 
thin cell has proven very promising for the 
studies not only of atom-light, but also of 
atom-surface interactions [1]. The 
realization of such atomic layers was made 
possible through the development of the 
so-called Extremely Thin Cells (ETC). 
The ETC contains a gas layer of thickness 
below 1 μm and typical diameter of a few 
centimeters [2], which gives rise to a 
strong anisotropy in the atom-light time of 
interaction time.  

This anisotropy leads to two main 
effects on the absorption and fluorescence 
spectra observed. First, most of the atoms 
with a velocity component normal to the 
cell walls collide with the walls before 
completing an absorption – fluorescence 
cycle with the incoming light. Hence, 
these atoms give smaller contribution to 
the atomic absorption compared to atoms 
flying parallel to the cell walls. Since 
generally the light propagation direction is 
perpendicular to the cell windows, the 
Doppler broadening of the hyperfine (hf) 
transitions is significantly reduced. Thus, 
the hf transitions, which are strongly 
overlapped in ordinary (cm-size) cells, in 
the ETC are well resolved with a single-
beam spectroscopy. Second, the 
investigation of atoms confined in cells 
whose thickness is comparable to the 
wavelength of the light, leads to 
interesting coherent effects. It has been 

shown that the width of the hf transitions 
in absorption change periodically with the 
cell width, having minima at 
L = (2n + 1)λ/2 [3] due to the realization 
of Dicke regime in the optical domain. 
Moreover, in an ETC a significant 
difference in the absorption and 
fluorescence spectra can be observed due 
to the fact that faster atoms with 
interaction time sufficient for absorption 
of a photon but not sufficient for its 
subsequent release will contribute to the 
absorption but not to the fluorescence 
[2,4]. 

Coherent Population Trapping (CPT) 
resonances prepared in a Hanle 
configuration have been widely 
investigated for Cs and Rb atoms confined 
in ordinary cells. Alkali atoms placed in a 
magnetic field B orthogonal to the atomic 
orientation/alignment and scanned around 
B=0 are irradiated by a monochromatic 
laser field in such a configuration that 
different polarization components of the 
light couple the atomic Zeeman sublevels 
of one of the ground-state hf levels 
through a common excited one and 
introduce coherence between ground 
magnetic sublevels at B=0. As has been 
shown in [5-7], for degenerate two-level 
systems in absence of depolarizing 
collisions of the excited state, 
electromagnetically-induced transparency 
(EIT, dark magneto-optical) resonances or 
electromagnetically-induced absorption 
(EIA, bright magneto-optical) resonances 
can be observed, depending on the ratio of 
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the degeneracy of the two states involved 
in the optical transition. The EIT 
resonance is realized when the condition 
F  → F

 

g e = F  – 1, Fg g is met, while the EIA 
resonance is observed for 
F  → Fg e = Fg + 1 type of transitions. Here, 
F  and Fg e are the hf quantum numbers of 
the ground- and excited-state hf levels, 
respectively. 

The significant disadvantage of the 
magneto-optical resonance study in 
ordinary cells is that due to the Doppler 
broadening in thermal cells, a strong 
overlapping takes place between hf 
transitions responsible for dark and bright 
resonances observation. Therefore, it is 
important to make use of the fact that in an 
ETC the hyperfine transitions are well 
resolved and the coherent effects can be 
investigated under better-defined 
conditions than in the case of ordinary 
cells. Moreover, the possibility provided 
by the ETC to separate the contribution of 
slow and fast atoms to the magneto-optical 
signal will result in better understanding of 
the transient processes in the formation of 
the coherent resonances. Besides, 
magneto-optical resonances investigation 
in ETC could give information on the 
influence of the cell walls to the atomic 
polarization because in the magneto-
optical signal the main contribution is also 
expected to come from atoms flying a 
“long way” along the cell window. 

We present here experimental and 
theoretical results concerning the ground-
state magneto-optical resonances on the D2 
line of Cs, obtained at the individual hf 
transitions starting from Fg = 3 and Fg = 4. 
It is shown that in the ETC (with thickness 
equal to the light wavelength), dark 
(reduced absorption) magneto-optical 
resonances are observed at Fg → Fe = Fg –
 1, Fg transitions, which is similar to the 
results obtained in ordinary cells. A very 
interesting result is obtained for 
Fg → Fe = Fg + 1 transitions. At these 
transitions, in diluted Cs vapor confined in 
an ETC, bright resonance sign reversal is 

evidenced, which is attributed to the 
depolarization of Cs atom excited levels. 
A theoretical model was developed based 
on the optical Bloch equation and 
involving the elastic interaction processes 
of atoms in an ETC with its walls, which 
affect the polarization of the atomic 
excited levels. The numerical results are in 
good qualitative agreement with the 
experimental ones. 

 
II. Cesium energy levels and 
experimental setup 
 

 

f 
tran

The relevant Cs energy levels and h
sitions involved are illustrated in Fig.1. 

The two groups of hf transitions (starting 
from Fg = 3 and Fg = 4) are denoted. It 
should be noted that the Doppler 
broadening (~ 400 MHz) in the ordinary 
cell is larger than the separation between 
the excited state hf levels. Due to this, in 
an ordinary cell the profiles of the three hf 
transitions starting from a single ground hf 
levels strongly overlap and form a single 
absorption (fluorescence) line. Hence, the 
three different types of hf transitions, 
which are responsible for the formation of 
both dark and bright resonances, are 
involved in a single fluorescence line. It 
has been shown [7] that in ordinary cells, 
dark resonances are observed at the 
fluorescence line starting from the Fg = 3 

6s 

6p 

9192 MHz 

151 MHz 

201 MHz 

Fe=5 
251 MHz 

Fe=3 

Fe=4 

Fe=2 

Fg=4 

Fg=3 

Fig.1 Energy-level diagram for D2 line of 
133Cs. Fg → Fe ≤ Fg transitions (solid line) 
are distinguished from Fg → Fe > Fg
transitions (dashed line). 
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and bright resonances at the fluorescence 
line starting from the Fg = 4 levels. The 
dark resonance observed on the 
fluorescence line starting from Fg = 3 has 
been attributed to the Fg = 3 → Fe = 2 

closed transition contribution, while the 
bright resonance, to the F  = 4 → Fg e = 5 
closed transition.

 
The experimental setup used is 

schematically presented in Fig. 2a. The 
radiation source was a cw extended-cavity 
diode laser (ECDL) operating in a single-
frequency mode with λ = 852 nm and 
linewidth of about 3 MHz. Thus, due to 
the narrow bandwidth of the laser, it was 
possible to excite separately the different 
hyperfine transitions of the D2 line. The 
main part of the laser beam was directed at 
normal incidence onto the ETC (zoomed 
in Fig. 2b) with a source containing Cs. 
The ETC operates with a specially 
constructed oven which maintains constant 
temperature gradient between the Cs atom 
source (temperature T1) and the cell 
windows (temperature T2), T2>T1. The Cs 
vapor density is controlled by changing the 
source temperature. The ETC is placed 
between a pair of coils in Helmholtz 
configuration, allowing application of 
scanned magnetic field in a direction 
orthogonal to the laser beam propagation 
direction. No shielding against laboratory 

magnetic field is provided. The light 
transmitted through the ETC is measured 
by a photodiode PD1. 

Most of the experiments were 
performed by irradiating Cs atoms by 
means of linearly polarized light. In this 
case the scanned magnetic field is oriented 
in a direction orthogonal to the laser beam 
and to the light polarization. When light 
with circular polarization is used, a 
quarter-wave plate is inserted before the 
ETC, after the polarizer P. 

The remaining part of the laser beam is 
separated into two parts and is used for 
laser frequency control.  
 
III. Absorption spectra at ETC 
thickness L=λ/2 and L=λ 
 

In order to help the further discussion 
related to magneto-optical resonances 
observed in ETC, in this Section we 
present the absorption spectra of both 
absorption lines at two thicknesses of the 
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Transmitted  
light 

ETC 

PD3 

ECDL 
BS BS 
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T2 
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a) 
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Fig.2 Experimental set up (a) and sketch of ETC (b). 
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IV. Magneto-optical resonances 
observation in ETC with thickness L=λ: 
bright resonance sign reversal 

ETC (Fig. 3), observed without application 
of a magnetic field. For L=λ/2, the 
absorption spectra of the lines starting 
from F  =3 and Fg g=4 are illustrated in    
Fig. 3a,c. It can be seen that the spectral 
profiles of all hf transitions are well 
resolved due to the significant 
enhancement of atomic absorption at the 
hf transition center and its reduction 
toward the wings. As mentioned in the 
Introduction, the origin of the narrowing 
of the hf transition profiles is attributed to 
the anisotropy of the atom-light interaction 
time and the Dicke effect. 

 
As shown in the previous Section, an 

important advantage of the ETC usage is 
that it is possible to study the behavior of 
the individual hf transitions. In order to 
test this property, the following 
experiment was performed related to the 
magneto-optical resonances. The laser 
frequency is slowly scanned over the hf 
transition profile. Simultaneously, the 
magnetic field is scanned around B=0 with 
a frequency about two orders of magnitude 
higher than the laser scan frequency. Such 
experiment allows the observation of a 
sequence of magneto-optical resonances 
superimposed on the absorption profile of 
the transition registered during the laser 
frequency detuning. The minimum 
absorption of the dark resonances and the 
maximum absorption of the bright 
resonances are observed at B=0. The 
magneto-optical resonances at the three hf 
transitions starting from F
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Unlike the atomic spectra observed at 
L=λ/2, when the cell thickness is increased 
to L=λ a completely different behavior of 
the hf transition absorption is seen       
(Fig. 3b,d). Under this condition the Dicke 
narrowing vanishes and at low light power 
density the Doppler profiles of the hf 
transitions forming the fluorescence line 
are completely overlapped. However, 
starting from power density of several 
mW/cm2 narrow dips of reduced 
absorption occur centered at each hf 
transition. The observed dips are attributed 
to velocity-selective saturation of the hf 
transition and to velocity-selective 
population loss due to optical pumping to 
the ground-state level non-interacting with 
the exciting light field.  

g=3 level were 
first examined (Fig. 4). In order to 
determine precisely the B=0 points, the 
magneto-optical resonances were 
simultaneously registered in the ordinary 
cell used for SA resonances observation 
(Fig. 4, solid lines). The ordinary cell is 
situated outside the Helmholtz coils, so the 
magnetic field formed by the Helmholtz 
coils there is not homogeneous and its 
value is lower than the one applied to the 
ETC. Hence, it is not possible to compare 
the widths of magneto-optical resonances 
observed in both cells but the 
determination of the B=0 points is correct. 

Fig.4a illustrates the fact that magneto-
optical dark resonances are observed in a 
region of several tens of MHz around the 
Fg=3→Fe=2 transition center. This interval 
is significantly narrower than the Doppler 
width of the corresponding hf transition. 
The sign of the magneto-optical resonance 
observed in the ETC corresponds to      
that  observed  in an ordinary cell.  A  dark  
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Fig.4. Magneto-optical resonances superimposed on the ETC absorption (dashed line) obtained
by slow laser frequency detuning in small intervals around the centers of the Fg=3→ Fe=2 (a), 
Fg=3→ Fe=3 (b) and Fg=3→ Fe=4 (c) transitions. A magnetic field is applied and scanned around 
B=0 with frequency two orders of magnitude higher than that of the frequency scan. For
reference of the B=0 positions, simultaneous recording of the resonances in ordinary cell is
shown (solid line). The Cs source temperature is 1120C, ETC thickness L=λ and laser power,
66mW/cm2. The Cs atoms are irradiated by linearly polarized laser light. 

 
resonance is observed at the Fg=3 → Fe=3 
transition (Fig. 4b) and it also exists in a 
narrow region around the hf transition 
center. For this transition, the resonance 
sign is also in agreement with the 
observations in ordinary cells. From Fig. 
4b it can be seen that the dark resonance 
observed for slow atoms is superimposed 
on another feature. The full profile of this 
feature can be clearly distinguished for 
atoms that are faster than those which 
contribute to the absorption drop around 
the hf transition center. This type of Cs 
absorption dependence on the magnetic 
field, which is broader than the dark 
resonance, has a maximum at B=0 and is 
not related to coherent superposition of 
atomic levels, will be discussed in more 
details later in this Section. 

As mentioned in the Introduction, 
bright resonances are observed at 
Fg → Fe = Fg + 1 transitions of dilute 
alkali atoms contained in ordinary cells, 
where the collisions between atoms can be 
neglected. Due to this, in the ETC, a 
narrow bright resonance was expected for 
the Fg=3 → Fe=4 transition. However, at 
the intrinsically bright Fg=3 → Fe=4 
transition, dark resonance is observed in 
the ETC. It should be pointed out that the 

F =3 → Fg e=4 transition is an open one 
with transition probability significantly 
less than that of the closed F =3 → Fg e=2 
transition. Due to this in the ordinary cell 
it was not possible to observe magneto-
optical resonances determined by this 
transition. 

In order to obtain more information 
about the behavior of the Fg → Fe = Fg + 1 
type of transitions in ETC, the Fg=4 set of 
transitions was investigated, where the 
F =4 → Fg e=5 transition is closed and the 
strongest one. The results obtained are 
presented in Fig. 5, where only the ETC 
signal is shown (in the presence and 
absence of a magnetic field). In the first 
case (Fig. 5, solid line), the B=0 points are 
not noted and we will specify the 
magneto-optical resonance sign. At low 
light power (Fig. 5a), the above-mentioned 
broader features predominate over the 
entire region of the absorption spectrum 
presented, including the central regions of 
the three hf transitions. At the centers of 
the hf transitions, only very small-
amplitude dark magneto-optical 
resonances are observed superimposed on 
the tops of the profiles having maxima at 
B=0. When increasing the light power 
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Fig. 5 Magneto-optical resonances superimposed on the ETC absorption spectrum (solid line) and the 
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different laser powers W=13mW/cm2 (a) and W=133mW/cm2 (b). The Cs source temperature is 
131oC, L=λ, linearly polarized laser light. 

(Fig. 5b) the dark resonances amplitude 
increases and, as in the case of the Fg=3 
set of transitions, they are observed in a 
narrow interval around the center of the hf 
transitions. More specifically, the 
magneto-optical resonances are observed 
only within the frequency intervals where 
the reduced absorption dips occur in Cs 
absorption spectrum at L=λ (Fig. 5, dashed 
curve obtained at B=0). In the remaining 
regions of the light frequency scan, the 
above mentioned features of assumed non-
coherent origin are observed. Our 
experiment has shown that for very low 
laser power, these features are observed all 
over the absorption spectra of both F

 

g=3,4 
sets of hf transitions. Hence, the discussed 
features appear under conditions sufficient 
for realization of a single act of absorption. 
Since the formation of the magneto-optical 
resonance requires alignment/orientation 
of atoms (including several absorption-
fluorescence cycles), which is a much 
longer process, we believe that this feature 
formation is related to the large magnetic 
field scan (-90G, +90G) needed for the 
magneto-optical resonance registration. 
Suppose that the laser light is in resonance 
with a certain velocity class of atoms. As 
the width of the irradiating light is small  
(3 MHz), only at B=0 all transitions 
starting from different Zeeman sublevels 
will be at exact resonance with the laser 
light. Taking into consideration the 

Zeeman splitting of the ground-state   
(0.35 kHz/G) and the excited-state      
(0.93 MHz/G for Fe=2, 0.00 for Fe=3,  
0.37 MHz/G for Fe=4, 0.56 MHz/G for 
Fe=5) levels, it can be estimated that the 
magnetic field increase will result in a 
significant shift from the laser light 
frequency of the centers of optical 
transitions starting from different ground-
state Zeeman sublevels. Those shifts will 
be proportional to the mF value, and only 
the m =0 → mFg Fe=0 transitions will stay in 
resonance with the laser light during the 
magnetic field scan.  

In general, the shifts of centers of the 
different transitions are significant 
compared to their natural width and might 
be considered as a reason for Cs atom 
absorption reduction with magnetic field, 
thus forming features in the absorption 
dependence on magnetic field with 
maxima at B=0. In this way, we attribute 
the discussed features to the non-coherent 
dependence of absorption on the magnetic 
field, whose origin is the Zeeman 
transition center shift from the light 
frequency with the magnetic field scan. 
Hence, only slow atoms which suffer 
optical pumping and saturation are 
involved in the formation of the magneto-
optical resonances. Fast atoms exhibiting 
much shorter interaction time with the 
light are mainly responsible for the non-
coherent feature appearance.  
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From Fig. 5b, it should be particularly 
stressed that for the closed F

mFg:   -4      -3     -2      -1     0      1     2       3      4 

mFe:      -5    -4      -3      -2     -1      0      1     2       3      4      5 

Fig.6 Illustration of the transformation of 
bright to dark resonance at the Fg=4→
Fe=5 transition, in case of depolarizing 
Fe=5 level collisions between Cs and 
buffer gas atoms. 

g=4 → Fe=5 
transition, dark resonance is evidenced in 
the case of ETC. This is a very interesting 
result because namely for this transition 
very good contrast bright resonance is 
observed in ordinary cell containing dilute 
Cs atoms [7]. However, it turns out that 
the bright resonance is very sensitive to 
ordinary cell buffering. It has been found 
[7] and very recently confirmed [8] that if 
the cell containing alkali atoms is buffered 
by some noble gas, the magneto-optical 
resonance at the F

+absorption for σ  polarization. Because of 
this at B = 0, a maximum in the absorption 
(fluorescence) will be observed. In the 
presence of the magnetic field 
perpendicular to the atomic orientation, a 
part of the population of the m

=4 → Fg e=5 transition 
transforms from a bright to a dark one. 
The theoretical modeling has shown that 
this transformation of the resonance sign 
can be attributed to depolarization of the 
F

Fg = 4 
sublevel will be redistributed to the other 
sublevels and the absorption 
(fluorescence) will be decreased, resulting 
in the observation of a narrow resonance 
of enhanced absorption (fluorescence) 
determined as a bright magneto-optical 
resonance. However, if buffer gas is 
added, a great portion of the atoms 
accumulated on the m

e level by collisions of alkali atoms with 
the buffer gas atoms. At the same time, 
these collisions do not lead to 
depolarization of the Fg level, thus 
preserving the coherent superposition of 
the ground-state magnetic sublevels 
introduced by the light at B=0. Note that 
the ordinary cell buffering does not reverse 
the sign of the dark Hanle resonances 
observed on the F

Fe = 5 sublevel will 
be redistributed among the other Zeeman 
sublevels of the F → Fg e = F  – 1, Fg g type 

of transitions. e = 5 level due to the 
depolarizing collisions between Cs and 
buffer gas atoms. Taking into account the 
difference in probability of the transitions 
between the different Zeeman sublevels, it 
has been shown [7] that this redistribution 
leads to accumulation (at B=0) of many 
atoms on the m

For a clear illustration of the physical 
processes  leading  to  the  magneto-optical  
resonance sign reversal due to collisions 
between alkali and buffer gas atoms in an 
ordinary cell, it is better to consider Cs 
atom irradiated by circularly polarized 
light. In this case, the magneto-optical 
resonance is observed in absorption 
(fluorescence) as a function of the 
magnetic field orthogonal to the laser 
beam and scanned around B=0. Let us 
consider the F

Fg = – 4 sublevel, having 
the lowest probability for σ+ excitation. 
Thus, the bright resonance observed in 
pure and dilute Cs vapor transforms into a 
dark one when buffer gas is added to the 
ordinary cell. 

 = 4 → Fg e = 5 transition on 
the D

Analyzing the results related to the 
bright resonance sign reversal due to the 
depolarization of the excited state, the 
assumption has been made that in the ETC 
a similar depolarization of the excited state 
can occur due to the long-range interaction 
between alkali atoms and the two window 
surfaces of the ETC. In support of such 

2 line of Cs (Fig. 6). In the absence of 
depolarizing collisions and in the presence 
of circularly polarized light (σ+), due to the 
Clebsch-Gordon coefficients increasing for 
transitions starting from m = -4 to mFg Fg= 4, 
most atoms will circulate on the 
m  = 4 → mFg Fe = 5 transition, which is the 
transition  with  the  highest  probability of  
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The involvement in the theoretical 
model of the influence of the cell walls on 
the polarization of the excited atomic level 
has as a result the sign reversal of the 
bright magneto-optical resonance. In order  

assumption, we note that during their 
interaction with the light atoms 
responsible for the magneto-optical 
resonance formation fly a “(mm) long 
way” along the ETC windows, which are 
separated only by a tiny gap very close to 
852 nm. A theoretical model was 
developed to analyze the experimental 
observations (to be described elsewhere).  

to confirm the sensitivity of the 
F  → F

 

 
V. Comparison between theoretical and 
experimental results 
 

Based on the model developed for the 
ETC, the magneto-optical resonance 
profiles have been computed for laser 
frequency detuning over all hf transitions 
and for both types of excitations – by 
linearly and circularly polarized light. 

In all cases considered, the theoretical 
results are at least in qualitative agreement 
with the experimental observations. 
Similar to the experiment, reduced 
absorption magneto-optical resonances are 
theoretically observed for all 
Fg → Fe = Fg – 1, Fg transitions. 

g e = Fg + 1 type of transitions to the 
depolarizing influence of the ETC 
windows, the behavior of the closed and 
high-probability F =4→Fg e=5 transition is 
investigated in detail by irradiating Cs 
atoms by linearly or circularly polarized 
light. In the first case the scanned 
magnetic field is oriented orthogonally to 
the atomic alignment, while in the second 
one – orthogonally to the orientation of 
atoms. In both cases reduced-absorption 
magneto-optical resonance is observed 
experimentally for atoms confined in ETC.  

The results obtained by both 
polarization excitations and with the laser 
frequency tuned around the central 
frequency of the F =4→Fg e=5 transition 
confirm the assumed analogy between the 
excited state depolarization by atomic 
collisions (for the ordinary cell) and its 
depolarization by the influence of the 
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Fig. 7 Comparison between the theory and experiment, for Fg=4→ Fe=5 
transition and excitation by circularly polarized light: (a) – experimental and 
theoretical profiles of a magneto-optical resonance; (b) – magneto-optical 
resonance amplitude as a function of the light power density; (c) – magneto-
optical resonance width dependence on power density. 
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electrical potential of the ETC window. 
In Fig. 7, a comparison between the 

experimental and theoretical results is 
presented for the Fg=4 → Fe=5 transition, 
in the case of Cs atom irradiation by 
circularly polarized light and magnetic 
field applied in a direction orthogonal to 
the light propagation. 

 
VI. Conclusion 
 

Experimental and theoretical study is 
presented related to the ground-state 
magneto-optical resonances prepared in 
Hanle configuration on the D2 line of Cs. 
In a cm-size ordinary cell containing Cs 
vapor, the hyperfine transitions starting 
from a single ground-state level are 
strongly overlapped, which is the reason 
for mixing the contribution of different hf 
transitions responsible for observation of 
dark and bright magneto-optical 
resonances. It is shown that the utilization 
of Extremely Thin Cell with thickness 
equal to the wavelength of the irradiating 
light allows examination of the magneto-
optical resonance preparation on the 
individual hf transitions due to the 
experimentally proven fact that only very 
slow atoms possess enough interaction 
time with the light for the magneto-optical 
resonance preparation. The fast atoms, 
exhibiting mainly a single act of 
absorption during their interaction with the 
light, do not contribute to the magneto-
optical resonance formation.  

It is shown that in the ETC, dark 
(reduced absorption) magneto-optical 
resonances are observed at   
Fg → Fe = Fg – 1, Fg transitions, which is 
similar to the results obtained in ordinary 
cells. However in case of the 
Fg → Fe = Fg + 1 transitions, Cs atoms 
confined in an ETC exhibit completely 
different behavior than those contained in 
an ordinary cell. There, bright (enhanced 
absorption) magneto-optical resonances 
have been observed in dilute Cs vapor in 
an ordinary cell. As a result of our study 
we report a bright resonance sign reversal 
in Cs atoms confined in an ETC. Both 

(Fg = 3 → Fe = 4 and Fg = 4 → Fe = 5) 
intrinsically “bright” hf transitions are 
responsible for dark magneto-optical 
resonance preparation in the ETC.  

A theoretical model is proposed based 
on the optical Bloch equations and 
involving the elastic interaction processes 
of atoms in ETC with its walls. The 
assumed elastic collisions of Cs atoms 
with the cell walls do not affect the ground 
state of alkali, do not reorient the 
electronic and nuclear spins of the atom, 
but affect the excited-state Zeeman 
coherences and populations, as well as the 
optical coherences. The involvement of 
elastic collisions of this type results in 
depolarization of the Cs excited state 
polarized by the light. This depolarization 
leads to the accumulation of atomic 
population to the ground-state Zeeman 
sublevels with the lowest probability of 
excitation, which is opposite to the 
situation in ordinary cell where atoms 
accumulate on the Zeeman sublevel 
possessing the largest probability of 
excitation. Hence the ETC wall influence 
to atomic polarization leads to the bright 
resonance sign reversal.  

The results obtained show that the 
magneto-optical resonances have potential 
for application in the study of atom-
surface interaction.  
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1. Introduction 
 

In recent years, the comprehensive 
investigations of the atmospheric aerosol 
gained new impetus due to the 
understanding that it plays a substantial 
role as it influences the climate both on a 
regional and on a global scale [Kaufman 
Y. J., et al., 2002]. Measurements are 
being carried out by means of active and 
passive instruments mounted on satellites, 
airplanes, ships and terrestrial stations. In 
the past, the lidar measurements of the 
atmospheric aerosol were aimed mainly at 
monitoring the atmospheric pollution, or, 
alternatively, the aerosol was traced in 
order to follow and study certain 
atmospheric parameters, such as wind 
velocity, meteorological visibility, etc. The 
studies lately were broadened to clarify its 
influence of the radiative balance of the 
system sun-atmosphere-earth. 
 
2. Apparatus and methodology 
 

We applied well known techniques for 
processing of lidar and radiometric data 
[Menut L., et al., 1999, Devara P.C.S., et 
al., 1996]. 

The main parameters of the three 
devices are: 
Specifications of the lidar (developed in 
the Institute of Electronics): transmitter − a 
standard Nd-YAG laser (operational 
wavelength 532 nm, pulse duration and 
energy 15−20 ns and 10–15 mJ, repetition 

rate 12.5 Hz; receiving antenna – a 
Cassegrainian telescope (main mirror 
diameter 150 mm, equivalent focal length 
2250 mm); photodetector – a PMT with an 
interference filter (1 nm FWHM); data 
acquisition and processing set – a 10 bit 
20 MHz ADC and a PC. [Kolev I. et. al., 
2000]. 
Specifications of the sunphotometers 
Microtops II: optical channels: λ=380 nm, 
λ=440 nm, λ=500 nm, λ=675 nm, 
λ=870 nm, λ=936 nm and λ=1020 nm, 
viewing angle − 2.5°, dynamic range > 
3x105, interface RS232, data storage − 800 
records, power source − 4 x AA Alcaline 
batteries [Kolev N., et al., 2006]. 
Specification of the spectroradiometer 
(developed in the Central Laboratory of 
Solar-Terrestrial Influences): a 
photographic objective, a prism 
monochromator, a CCD line (512 pixels), 
a PMT, a 10 bit ADC, and 8 bit 
specialized computer (44 kB RAM); 
spectrum range 600÷1100 nm, spectrum 
resolution 0.24÷5.4 nm, photodetector 
dynamic range 104, time of data 
accumulation 50 ms÷10 s 6 [Mishev D. N. 
and liev I., 1992]. 

The inversion of the lidar profiles, 
under the assumption of single scattering, 
for the case of a monostatic and vertically 
looking lidar, is based on the solution of 
the lidar equation (e.g. Collis and Russell, 
1976): 
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where P(z) is the received backscattered 
light power, P0 is the transmitted laser 
light power, KL is a constant characteristic 
for each lidar system and depending on the 
technical parameter of the laser and the 
lidar’s emitting and receiving optics, βπ is 
the atmospheric aerosol backscattering 
coefficient, z is the altitude (the distance 
from the lidar), α(z) is the extinction 
coefficient. 

The AOD is defined as the attenuation 
along a vertical path through the 
atmosphere due to the aerosols and is a 
portion of the total optical depth. The total 
optical depth (τt) is defined as (Devara et 
al., 1996) 

 

               ( )
( )⎟⎟
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λτ
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ln1
E
E

mt                  (2) 

 
where m is the relative air mass or relative 
path length over which the measurement 
was performed (the parameter m is related 
to the solar zenith angle θ and at small 
solar zenith angles is equal to 1/cos(θ)), 
E(λ) is the direct surface solar irradiance 
measured, Eo(λ) is the extraterrestrial solar 
irradiance (solar irradiance that would be 
measured in the absence of atmosphere). 

Once τt is determined, the AOD can be 
determined by subtracting the 
contributions to τt from molecular 
scattering (Rayleigh scattering, τR) and 
absorption in gases τG and in water vapor 
τH2O. The spectral regions measured are 
usually chosen so as to avoid regions of 
strong molecular absorption (including 
water vapor). The AOD is then defined as 
             OHGRta 2

τττττ −−−=              (3) 
Since the mixing layer is directly 
influenced by the earth’s surface, its 
thickness varies widely according to the 
time of the day and the season, and 
especially during the transition periods in 
spring and autumn. The use of 
tropospheric aerosol as a passive tracer 
along with the appropriate experimental 
set-up allows a detailed study of the 

structure and parameters of the ABL 
(Fochessatto et al., 2001; Kolev et al., 
2004). 

As lidar remote sensing makes use of 
the aerosol as a passive tracer, the power 
of the received signal is proportional to the 
aerosol particles size, shape, concentration 
and wetting. In general, the aerosol 
properties mentioned are different in the 
different layers thus allowing these layers 
to be distinguished/located. In the mixing 
layer, the contents of aerosol and moisture 
are higher than those in the free 
troposphere, so the backscattering of the 
laser radiation is higher (Dupont et al., 
1994). Thus, the heights of the different 
layers (and/or of their boundaries), 
particularly that of the mixing one, could 
be determined using different methods, 
e.g. following the standard deviation of the 
S-function, calculating the first and second 
derivatives of the latter (Menut et al., 
1999; Kolev et al., 2000). The 
mixing-layer height in these experiments 
was determined following the so-called 
gradient method (Sasano et al., 1982). 

During lidar observations, 6000 
profiles were recorded during a period of 
about 9–10 minutes. Consecutive profiles 
were averaged by 150 in number to 
increase the signal/noise ratio; the 40 
profiles thus obtained were then 
transformed into S-functions. The results 
of the lidar observations are presented as 
height-time indicators/images (HTI) of the 
S-functions of the lidar signals calculated 
for each point of the sounding path. The 
S-function is used instead of the lidar 
return itself since it reveals the aerosol 
structure of the atmosphere much better. 
The S-function is commonly defined as 
S = r2lnP (it is well known that the lidar 
return decreases as the inverse square of 
the distance r). 

The basic principle on which a 
radiometer determines the optical depth 
(the extinction coefficient integrated with 
respect to the height) is that solar radiation 
at the earth’s surface is attenuated in 
proportion to the air mass. The decrease in 
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the radiation intensity is mainly due the 
extinction (scattering and absorption) of 
light by aerosol and gas molecules. 
 
3. Experimental results and discussion 
 

The experiments were carried out in 
the south-western part of the city of Sofia, 
where the Institute of Electronics (aerosol 
lidar) and the Central Laboratory for 
Solar-Terrestrial Influences (sun-
photometer and spectroradiometer) are 
located. Fig. 1 shows the topography of 
the area (the city of Sofia is located in a 
mountain valley) and location of the 
devices.  
 

Fig. 1. Location and topography of the experimental 
site:(a), (b) topographic contours, (c) topography. 
 
3.1. Lidar data 
 

The lidar data are presented in the form 
of height-time indicators (HTIs). We used 
the data to determine the location of the 
aerosol and the various layers in the cases 
of stable boundary layer (SBL) and 
convective boundary layer (CBL). We 
present data taken on one summer and one 
autumn day. 

In Fig. 2 seven height-time indicators 
of the lidar signal are shown obtained from 
07:10 till 13:10 LST, i.e. during the 
development of the atmospheric boundary 
layer (ABL) from SBL to CBL. In the first 
image the structure of the SBL is well 

pronounced; several aerosol layers can be 
clearly seen up to a height of about 
H=300−400 m, followed by the residual 
layer (RL) up to a height of about 
H=700 (900) m. The destruction of the 
SBL, formed during the night, starts after 
08:10 LST; in the image obtained at 09:10 
LST the beginning of the new mixing 
layer (ML) formation can be clearly 
distinguished. At 11:15 LST the ML 
height reached H=500 m and the 
destruction of the RL started. The height 
of the ML rised up to H=1000−1100 m till 
12:30 LST and up to H=1200 m at 13:10 
LST, the latter being not so distinguishable 
in the figure due to the insufficient print 
resolution. 

41°

42°

43°

44°

22° 23° 24° 25° 26° 27° 28° 29°

Sofia

Plovdiv

Pleven

Burgas

Varna

BULGARIA

ROMANIA

 FYRO
MACE-
DONIA GREECE

TURKEY

BLACK SEA

YU
O

G
O

S
LA

V
IA

a) 
b) 

L O Z E N

P L A N A

V I T O S H A

SOFIALidar
Radiometer

c)

b)

 

 
Fig. 2. Height−time indicator constructed on overview 
from the lidar data obtained on 11.06.2004. 
 

In Fig. 3, in contrast with the previous 
figure, the lidar data do not show the 
typical aerosol structure above the region 
in the case of SBL. At 07.30, we observed 
mainly two layers, which we denoted by 
RL1 and RL2, the first one extending from 
height of 100 m to 1000 m, the second, 
from H = 1200 m to H = 1800 m. The 
destruction of the first layer began from 
above at about 09:30 hours; at 10:30 is 
height was about 700 m; the layer was 
completely destroyed at approximately 
11:00-11:30. The destruction of RL2 
began at 09:00; around 11:00–11:30 its 
height was approximately 1500 m; its 
destruction was complete about 12:00–
12:30. 

The new ML began to be formed at 
09:00; at 11:00 its height was about 
400 m; at 11:30 it was H=800–1000 m; at 
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Fig. 3. Height−time indicator constructed on overview 
from the lidar data obtained on 06.10.2004. 

 
12:00 this height was 1300 m; while at 
12:30–13:00, the height reached 1800 m. 
 
3.2. Sunphotometer data 
 

A combined use of a lidar and 
photometers gives complete information 
concerning the processes in the ABL. The 
lidar data allow one to determine the 
height and the time of occurring of 
different processes in the ABL and the 
optical characteristics of the aerosol in 
particular layers (including AOD), 
whereas the radiometer data reveal the 
influence of these processes on the spectral 
optical properties of the atmospheric 
aerosol and serve as an independent source 
of determining the AOD. 

Fig. 4 presents aerosol optical depth 
(AOD) data obtained at six wavelength of 
the sunphotometer on 07.10.2004. One can 
clearly see that at, e.g., λ=500 nm in the 
morning hours τ as=0.2; between 10:30 and 
12:30, τas=0.3; and in the afternoon 
τas=0.1. The AOD is maximal at λ = 
380 nm and λ=480 nm (τ=0.45). 
 
3.3. Spectroradiometer data 
 

The next two figures present 
spectroradiometer data on the AOD 
dependence on the wavelength, as well as 
the AOD variation with the observation 
time at three wavelengths.  

Fig. 5 shows the AOD spectral 
behavior with the wavelength varying 
from λ=540 nm to λ=680 nm at three 
different   moments  of  observation.   It  is  
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Fig. 4. Aerosol optical depth obtained by the 
sunphotometer at different wavelengths on 07.10.2004, 
 
seen that during the measurement period 
the spectral optical depth does not vary 
significantly; however, two local maxima 
can be clearly seen around λ = 600 nm and 
λ = 660 nm. It is also seen that the spectral 
AOD at 16:30 h exceeds the one measured 
at 15:20 h. 
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Fig. 5. Aerosol optical depth obtained by the spectro-
radiometer at different wavelengths on 08.10.2004. 

 
Fig. 6 shows AOD data taken at three 

close wave-lengths, namely, λ=550 nm, 
λ=600 nm, and λ=650 nm, as well as their 
temporal behavior. The AOD values 
remain close and almost constant, in the 
range τar=0.2-0.25. We should note here 
that the AOD values at λ = 600 nm are the 
largest during the measurements. In 
conclusion, let us remark that on both 
dependencies (Fig. 5 and Fig. 6) the AOD 
values are the largest at λ=600 nm. 
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Fig. 6. Variation of the aerosol optical depth obtained by 
the spectroradiometer on 08.10.2004. 
 
3.4. Analysis of the data obtained 
 

The data analysis was performed by 
first considering jointly the lidar and the 
sunphotometer data. The lidar data formed 
the basis of this analysis, since they had 
been accumulated for this region for many 
years. 

Fig. 7 shows the RL, ML, and AOD 
variation as determined from the lidar data 
(the extinction coefficient was calculated 
using the Klett technique [Klett J. D., 
1981] and the sunphotometer data taken on 
07.10.2004. One can distinctly see that 
according to the sunphotometer data the 
AOD reaches its maximal value τas=0.3 at 
λ=500 nm before the ML reaches its 
maximal height of 900 m at 14:00 LST; 
the AOD determined from the lidar data 
varies smoothly from τal=0.1 after the SBL 
destruction, reaches τ al=0.2 after the ML 
formation, and remains almost constant 
afterwards. 
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Fig. 7. Variation in the heights of residual layer, stable 
layer, mixing layer and in the aerosol optical depth on 
07.10.2004. 

Based on the sunphotometer data 
shown in Fig. 4, bearing in mind in 
particular the well expressed maxima at 
the shorter wavelengths (λ=380 nm and 
λ=480 nm), one can assume that the 
aerosol particles affecting substantially the 
AOD are of the sub-micron fraction 
(d=0.3–1.0 μm). 

The lidar signal in Fig. 3 demonstrates 
that the backscattering coefficient is the 
largest from 09:30 to 12:00; it decreases 
afterwards and remains constant between 
12:30 and 13:30, when the ML has already 
been fully formed. At 10:30 the SBL has 
been destroyed, while the ML reaches the 
RL and starts to destroy it from below. 
According to the lidar data, the AOD rises 
most significantly from 10:30 till 12.10 
(from τal=0.1 to τal=0.2), which is better 
expressed in the sunphotometer data, as 
we mentioned above. Since in this period 
the new ML destroys completely the RL, 
one can assume that the so-called 
entrainment process takes place, i.e., 
mixing from above of dry aerosol from the 
ML with wet aerosol from the ML. The 
AOD exhibits also a similar behavior on 
08.10.2004. On 05.10 and 06.10.2004, the 
sunphotometer data yield AOD varying 
around τas0.2. The lidar data for this case 
indicate that the RL from the previous day 
and the newly formed ML reach maximal 
heights of H=1800–2000 m which proves 
that the synoptical situation is not affected 
by the local phenomena taking place in the 
region. 

Fig. 8 presents the AOD data taken on 
08.10.2004 by means of the three devices, 
namely, a lidar, a sunphotometer and a 
spectroradiometer. As one can clearly see 
again, the AOD determined by the two 
passive devices exceeds the values 
obtained by using the lidar data. This holds 
true for all measurements, since the lidar 
measures the AOD within the lidar range, 
namely, in the planetary boundary layer 
(PBL), while the photometer and 
radiometer measures the AOD along the 
entire path between the Sun and the Earth 
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[Takamura T., et al., 1994]. The data were 
acquired in the afternoon hours only, but 
agree well with and complement the 
sunphotometer data.  
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Fig. 8. Variation in the aerosol optical depth obtained on 
08.10.2004. 
 

Our next step was to determine the 
Angstrom α and β [Cachoro V. E., et al., 
1987] which are presented in Fig. 9. The 
data on β for all measurements point to a 
medium atmospheric turbidity. 
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Fig. 9. Determination of the Angstrom coefficients on 
06.10.2004. 
 
4. Conclusions 
 

The optical characteristics of the 
atmospheric aerosol are studied using 
active and passive remote means. 

It could be definitely concluded that 
the combined study of the atmospheric 
aerosol over an urban area situated in a 
mountain valley by means of the remote 

sensing, on one hand, improves our 
knowledge concerning its optical 
properties (AOD and Angstrom 
parameters) and, on the other, gives a 
possibility of studying the role of the 
processes taking place in the PBL in their 
interaction with manifestation of the 
different forms of the mountain-valley 
circulation on the atmospheric aerosol. 

At the same time the present study 
allows a set of ground based instruments 
to be tested, which could be successfully 
used in combination with satellite-based 
equipment for global investigation of the 
atmosphere as reference points in different 
regions along the satellites’ trajectories. 
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Bulgarian-Vietnamese passive microwave 
remote sensing experiments in Vietnam 

 
 

K.G. Kostov, B.I. Vichev, D.M. Chung* 
*) Space Technology Application Center, Institute of Physics, VAST, Hanoi, Vietnam 

 
 
1. Introduction 
 
 

In the framework of the Bulgarian-
Vietnamese government program for 
cooperation in science and technology a 
joint research project “Design and 
development of a C-band microwave 
radiometer and its applications for remote 
sensing of vegetation cover and sea 
surface environment in Vietnam” was 
concluded between the Institute of 
Electronics, BAS, and the Institute of 
Physics and Electronics, Vietnamese 
Academy of Science and Technology 
(VAST), Hanoi, for the period 2004-2006. 
During the first year, the C-band total-
power radiometer (CRM) (Fig. 1) (center 
frequency from 3.5 to 3.7 GHz, sensitivity 
≤ 0.3 K with 1 sec integration time, 15° 
antenna beamwidth) was designed, 
developed and tested [7]. 

 

 
 
Fig. 1. C-band total-power radiometer CRM. 
 

Joint field experiments for passive 
microwave remote sensing of soil 
moisture, vegetation and sea surface were 
carried out in Vietnam by Bulgarian and 
Vietnamese scientists in November 2006. 

2. Experiments and results 
 

The synergistic use of L- and C-band 
radiometer data has many obvious 
advantages for soil moisture and sea 
surface salinity estimation [1, 2, 4, 5]. Two 
microwave radiometers, namely the L-
band noise-injection radiometer (LNIR) 
(1.4 GHz) [3] and the CRM were prepared 
by the Vietnamese team for measuring the 
brightness temperature (TB) of the objects 
under investigation. Both radiometers have 
two measurement modes – LOCAL (LM) 
and REMOTE (RM). In LM the 
radiometers calculate the average value of 
the output frequency and the variance. In 
RM the radiometers should be connected 
to a personal computer (via the RS 232 
output port) for data recording and post-
processing. The radiometers are calibrated 
by measuring the emission of a clear sky 
and a high-quality microwave absorber 
with known physical temperature. 

B

 

 
 
Fig. 2. Corn brightness temperature measurements. 
 

The first field experiment was carried 
out at Hoai Duc agro-meteorological 
station (near Hanoi) for remote sensing of 
rough bare soil field and rice and corn 
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canopies. The radiometers LNIR and CRM 
were mounted on a mechanical support 
with antenna angle positioning system 
(Fig. 2). During the process of radiometer 
calibration it was discovered that the LNIR 
was not working properly. Additional tests 
were carried out. It was decided that only 
the CRM experimental data (3.626 GHz, 
H-pol) will be used. After calibrating the 
CRM, the TB angular dependence of the 
bare soil field was measured changing the 
antenna angle θ in LM and RM, 
respectively. Then the soil was irrigated 
and additional CRM measurements were 
performed. Supporting measurements of 
soil moisture (SM), soil and air 
temperatures were also conducted. 

B

 

 
 
Fig. 3. Rice brightness temperature measurements. 
 

 
 
Fig. 4. Sample for rice biomass estimation. 
 

The TB angular dependence of corn 
(Fig. 2) and rice (Fig. 3) canopies was 
measured in LM and RM. Additional CRM 
measurements were carried out at θ = 30º 

while the soil below the corn canopy was 
irrigated. The temperatures of air, rice and 
corn vegetation, and the soil below the 
vegetation canopies were also measured. 
Samples were taken for estimating the wet 
biomass and equivalent water content of 
the rice (Fig. 4) and the corn canopy. 

The experimental CRM data were 
processed and thoroughly analysed. 
Different algorithms for soil moisture 
estimation and soil roughness correction 
were investigated and compared [1, 8]. For 
the bare soil plot, very good 
correspondence with the ground-truth SM 
data is observed when the rough surface 
reflectivity Rr(θ) is presented as [1] 

),cosexp()()( θθθ n
prp hRR −=      (1) 

where Rp(θ) is Fresnel reflectivity for p- 
polarization,  is roughness 
parameter, k is wavenumber, σ is standard 
deviation of surface height, and n = 2. The 
results for the dry soil state are obtained by 
minimizing the quadratic difference D

224 σkh =

2 
between model calculations and 
measurements of the soil emissivity [1]. 
For volumetric SM = 0.107 g/cm3 (equal 
to the soil wilting point [1] and to the 
sampling data for the 0-2 cm layer) the 
estimated effective roughness is σ = 1.07 
cm. Similarly to [6], good correspondence 
for the wet soil states is observed for 
reduced effective roughness σ = 0.96 cm.  
This value σ = 0.96 cm in combination 
with volumetric SM = 0.068 g/cm3 also 
give the best correspondence between the 
measurements and the model data for the 
dry soil state. 

The CRM results for the rice canopy 
emissivity are compared with the LNIR 
and C-band SRM-2 (3.7 GHz) data 
obtained in 2001 over a similar rice 
canopy [1]. A fair general correspondence 
between the CRM and the SRM-2 [1] data 
is observed. The angular dependences are 
slightly different due to the different 
antenna beamwidth of CRM and SRM-2. B

The b-parameter value [5] was 
estimated from the CRM measurements 
over the rice and corn canopies. The 
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results for the rice [1, 8] are in agreement 
with the published data for wheat [5].  

The second experiment was carried out 
in Do Son Sea (near Hai Phong). The 
mechanical support was firmly fixed to the 
deck of a small wooden ship (Fig. 5).  The 
TB angular dependence of the sea was 
measured. Supporting measurements of 
sea water salinity and temperature, and 
wind speed were also conducted. 

B

 

 
 
Fig. 5. Sea brightness temperature measurements. 
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Fig. 6. Comparison of measured and model sea 
brightness temperatures. 
 

Fig. 6 shows the comparison between 
the measured and model sea TB. The 
Fresnel reflectivity and the sea surface 
emissivity for smooth sea surface were 
calculated using the Fresnel equations and 
the Klein and Swift dielectric model [8] 
with sea surface salinity SSS and sea 

surface temperature SST as input data. 
Note the very large differences between 
the measurements and the model, 
especially at small incidence angles. The 
main reason for the discrepancies is the 
emission of the wooden deck of the ship. 

An original algorithm for estimating 
the sea TB from the CRM data was 
proposed [8]. Corrections for the reflected 
sky T

B

BB and the wind effects were made [8]. 
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Fig. 7. Comparison of estimated and model sea 
brightness temperatures. 
 

Fig. 7 shows the comparison between 
the estimated and model TB data. The 
difference between the estimated and 
model T

B

BB data increases with incidence 
angle increase due to the wave-induced 
ship movements. It is recommended to 
perform radiometric measurements at 
small incidence angles in order to reduce 
these effects. The estimated sea TB values 
may be used for calculating SSS or SST, 
respectively using a priori information 
about the other parameter. 

B

The proposed algorithm is also 
applicable for L-band radiometer data 
processing. 
 B

3. Conclusion 
 
Experiments for remote sensing of soil 

moisture, vegetation and sea surface were 
carried out in Vietnam in November 2006 
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using the C-band radiometer CRM. For the 
bare soil plot, very good correspondence 
with the ground-truth SM data is observed. 
The results for the rice canopy b-parameter 
are in good agreement with the published 
data for wheat. An original algorithm for 
estimating the sea TB from the CRM data 
was proposed and successfully tested [8]. 

B

The testing of the radiometer CRM in 
field conditions, including in tropical 
conditions in Vietnam, has shown that it 
could be a valuable tool for ecosystem 
monitoring [7, 8]. 
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Magnetic nanocomposites for microwave applications 

 
T. Koutzarova 

 
We present the main research results 

obtained during the second year of 
implementation of the NATO 
Reintegration Grant Project (RIG 981472) 
“Nanocomposites - magnetic super-
conductors and ferroxides for microwave 
applications”  
 
1. Introduction 
 

Based on the results obtained from the 
investigations performed during the first 
year of the project fulfillment and 
according to our project plan for the 
second year, we focused our studies on: 

1. Synthesis of barium hexaferrite 
(BaFe12O19) as a model structure for 
hexaferrites with high anisotropy by using 
different methods, such as solid-state 
reaction (SSR), chemical co-precipitation 
(CC) and in a microemulsion (μE). 

2. Study of the magnetic properties 
of the barium hexaferrite samples. 

3. Development of a technological 
procedure for preparation of a composite 
material based on magnetic nanoparticles 
dispersed in a polymer matrix. 
 
2. Experimental 
 

Submicron barium hexaferrite powders 
were prepared by solid-state reaction from 
a stoichiometric mixture of BaCO3 and 
Fe2O3 which was calcined at 1150°C for 5 
hours in air.  

The second type of synthesis that we 
used was co-precipitation. The Ba2+ and 
Fe3+ ions were co-precipitated with NaOH. 
The precursors obtained were calcined at 
900°C for four hours in air. 

We used also two types of 
microemulsion techniques - single and 
double, to obtain BaFe12O19. We used a 
water-in-oil reverse microemulsion system 

with cetyltrimethylammonium bromide 
(CTAB), (24 wt.%) as a cationic 
surfactant, n- butanol (16 wt.%) as co-
surfactant, n-hexanol (20 wt.%) as a 
continuous oil phase, and an aqueous 
solution (40 wt.%). The molar ratio of Ba 
to Fe was fixed at 1:10. These two types of 
μE techniques differ only in the first step 
of the synthesis procedure. In the first step 
of the synthesis procedure in the case of 
single μE the metal ions were co-
precipitated by adding an aqueous solution 
of NaOH. In the case of double μE, the co-
precipitation occurred when the 
microemulsion containing an aqueous 
solution of Ba(NO3)2 and FeCl3 was added 
to the microemulsion containing the 
precipitating agent NaOH. In the second 
step of the synthesis, the powder obtained 
was heated for 4 h at 580°C. After 
grinding, the powder was finally calcined 
at 900°C for 5 h to ensure complete 
conversion of the precursors into 
BaFe12O19. 

 
 

3. Structural investigations 
 
The XRD data exhibited consistently a 

single-phase barium hexaferrite structure 
for all samples. A typical XRD pattern for 
barium hexaferrite obtained by the single 
microemulsion techniques is shown in  
Fig. 1. 

Scanning electron microscopy (SEM) 
and transmission electron microscopy 
(TEM) were used to examine the grain size 
and morphology of the barium hexaferrite 
powders obtained by different methods. 
The different BaFe12O19 synthesis 
techniques allowed us to produce powder 
samples with different average particles 
size: 500 nm for SSR, 180 nm for CC and 
from 280 to 80 nm by μE.  



Projects Based on External Funds 
 
 

116 

10 20 30 40 50 60 70
0

100

200

300

400

500

600

700

800

In
te

ns
ity

 (A
rb

.U
ni

ts
)

2θ (degrees)

 
Figure 1. XRD pattern of BaFe12O19 powder. 
 
 

 
 

a) 
 

 
 

b) 
 
Figure 2. SEM micrographs of BaFe12O19 powders with 
particle size 280 nm (a) and 160 nm. 
 

The particles with size more than 
180 nm have an almost perfect hexagonal 
shape (Fig. 2a). As can be seen in Fig. 2b 

the particles with smaller size have 
irregular shape between hexagonal 
platelets and ellipsoids, because the 
process of forming the typical for 
BaFe12O19 hexahedral platelet shape has 
not been completed. 

A typical Mössbauer spectrum of 
BaFe12O19 is presented on Fig. 3. In all 
samples, the sequence relations for 
hyperfine magnetic field and the 
quadrupole splitting are the same as in 
single-crystal barium hexaferrite. This fact 
indicates that the same BaFe12O19 structure 
is obtained by the two methods of 
synthesis. 
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Figure 3. Mössbauer spectrum of BaFe12O19 at room 
temperature. 
 
4. Magnetic properties 
 

The high magnetic field measurements 
(up to 30 T) were performed on a 
homemade pulsed magnetometer in the 
International Laboratory of High Magnetic 
Fields and Low Temperatures in Wroclaw, 
Poland. Fig. 4 illustrates the evolution of 
the magnetization, М(Н), as the magnetic 
field is raised (up to 30 T), depending on 
the particle size (500 (SSR), 180 (CC) and 
80 nm (μE)) and microstructure. The 
critical diameter for mono-domain barium 
hexaferrite particles is about 460 nm, so in 
that case of average particle size 500 nm, 
the particles are multi-domain, while in the 
other two cases the particles of the sample 
are mono-domain.  
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Figure 4. Magnetization dependence on magnetic field 
(H) measured at 4.5 K. The insets are schematic 
representations of the particles microstructures: surface 
(grey) vs. bulk (white). The magnifications of the low-
field and the high-field parts for the μE particles (full 
line) and for the particles CC (dotted line) are shown in 
the insets of the upper figure. 
 

The М(Н) dependence observed for 
sample with average particle size of 
500 nm is similar to that of bulk barium 
hexaferrite with saturation magnetization 
at 6.3 Т. In the samples with particle size 
80 and 180 nm (Fig. 4a and 4b), the 
magnetic vector behavior in an external 

magnetic field depends on the material’s 
magneto-crystalline anisotropy and on the 
particle’s shape anisotropy, which is 
connected with the demagnetization along 
the spatial axes and with the magnetostatic 
energy. We relate the magnetization curve 
behavior for particles with d ~ 80 nm at 
fields exceeding 12 Т to the relative 
increase of the surface as the particle size 
is decreased and, respectively, to the 
increased role of the disordered magnetic 
structure of the surface layer. 
 
 
5. Applied studies of magnetic nano-
composites in the microwave range 
 

In view of applying nanosized 
ferroxides as absorbing structures in the 
MW range, we investigated the effect of 
adding micron-sized SrFe12O19 to the 
nanosized Fe3O4 filler in nanocomposites 
on their microwave properties in the 
frequency range 1 ÷ 18 GHz. The 
nanocomposites mixtures were prepared 
using magnetite powder (30 nm), 
strontium hexaferrite powder (6 μm) and 
K86 commercial silicon rubber as a 
polymeric matrix. The reflection losses 
(RL) of the nanocomposite samples with 
different filling as a function of the 
frequency are given in Fig. 5. In one of our 
previous studies on the nanocomposites 
containing nanosized magnetite filler, we 
established that the losses at the matching 
frequency are due to the ferromagnetic 
resonance (FMR). The curves for the 
reflection losses of samples with nanosized 
magnetite filler are shown in Fig. 5, the 
matching frequency being approximately 
6.7 GHz. The curves of composite samples 
containing a two-component filler 
(nanosized magnetite and micron-sized 
strontium hexaferrite) exhibit a matching 
frequency shift (to approximately 
8.1 GHz), i.e. a FMR frequency shift to the 
shorter wavelengths part of the spectrum. 
In the case of a two-component filler, as in 
the case of a nanosized filler, the matching 
frequency does not change as the filling 

 



Projects Based on External Funds 
 
 

118 

density is increased, which proves that the 
losses are due to the FMR, rather than to 
geometric effects related to the sample 
size. 
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Figure 5. Reflection losses (RL) frequency dependence of 
a nanocomposite absorber with different filler density. 
 

Conclusion 
 

During the second year of our 
investigations, we optimized the 
conditions for synthesis of mono-domain 
nanosized BaFe12O19 powders by different 
techniques. The particles with sizes below 
180 nm did not reach saturation in fields 
up to 25 T. We refer this behavior to the 
contribution of the surface magnetic 
anisotropy arising from the interaction 
between the disordered surface layer and 
the ordered internal magnetic structure of 
the particle. 

We also investigated the microwave 
characteristics of the absorbing 
nanostructures and the role of the mixtures 
of the nanosized single-domain magnetite 
and the micron-sized multi-domain 
strontium hexaferrite fillers in the 
formation of these properties. The effect of 
adding micron-sized SrFe12O19 to the 
nanosized Fe3O4 filler in nanocomposite 
absorbing structures consists in shifting the 
FMR to the higher frequencies. The results 
demonstrate the possibility to vary the 
nanocomposite’s absorption characteristics 
in a controlled way by introducing a 
second magnetic material.  
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Fourteenth International Summer School on Quantum Electronics:
Laser Physics and Applications, 18-22 September 2006, Sunny Beach, Bulgaria

The International Schools on Quantum Electronics: Laser Physics and Applications
(ISQE) have been organized biennially since 1978 by the Institute of Electronics at the
Bulgarian Academy of Sciences and со-organized since 1992 by SPIE-Bulgaria Chapter. The
Schools quickly became a popular forum, where both senior and young scientists could
present and discuss current research problems in the field of lasers and their applications in
material processing, spectroscopy, non-linear optics, remote sensing, medicine and ecology.
The 14th International School took place in the Black Sea resort of Sunny Beach, Bulgaria,
from 18 to 22 September 2006. 

A large range of subjects reflecting the present trends in laser physics were discussed
during the delivered lectures and two poster sections. Additionally, the special session "Oral
presentation of selected posters", introduced six years ago, is about to become traditional. It
gives opportunity to the young researchers whose posters were singled out by the Internation
Advisory Committee to present their work before the entire audience. Over 120 participants
from 21 countries participated in this edition of the School. 

The 14th ISQE was financially supported by the SPIE-International, SPIE-Bulgaria
Chapter, "Evrika" foundation, Institute of Electronics, Optocom Ltd, National Technical
University of Athens (Greece), Coherent Inc, to which the Organizing Committee expresses
its deep gratitude.

The proceedings volume contains lectures, together with the most interesting posters,
refereed by the invited lecturers and selected for publication. 

The Organizing Committee would like to thank all lecturers and participants for their
participation in the School and the authors of the contributed papers for their effort and kind
attention. We also invite the readers of this volume to participate at the next 15th ISQE, which
will be held in 2008.

Eighth International Conference on Electron Beam Technologies
5 - 10 June 2006, Varna, Bulgaria

The 8-th International Conference on Electron Beam Technologies (EBT�2006) was held
in the International Home of Scientists �Frederic-Joliot Curie� in Varna, Bulgaria, from 5 to
10 June 2006. It was organized by the Institute of Electronics of the Bulgarian Academy of
Sciences in cooperation with the Technological Center of Electron Beam and Plasma
Technologies, Sofia; the Union of Electronics, Electrical Engineering and
Telecommunications, Sofia, and was supported by the Ministry of Education and Science of
Bulgaria and the Bulgarian Chapter of the IEEE. 

The conference is one of a series that began in 1985 in Varna, which has remained the
venue for all subsequent meetings. The 8-th EBT�2006 conference was attended by 68
scientists from 14 countries, including distinguished scientists and industrial experts from the
USA, Germany, Russia, Ukraine, Poland and Bulgaria. 

The selected 60 conference papers (after refereeing) were published in the prestigious
Bulgarian scientific journal �Elektrotechnica & Elektronica� (Electrical Engineering and
Electronics), v.5-6, 2006; similar selections of papers from the previous conferences were
published in �Materials and Manufacturing Processes�, v.14 (3), 1999, USA; �Vacuum�, v.62
(2-3), 2001; and �Vacuum�, v.77 (4), 2005. 
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The amount of information presented in these Proceedings demonstrates the large
potential of the scientific and research works in various fields of industry aiming to improve
life standards. 

This and all seven previous conferences of this series have provided an excellent forum
for exchange of results and experience in the development of electron beam technologies and
also a place for establishing personal contacts and understanding between participants. They
are also a place to search for partners for cooperative research programs and business
initiatives contacts. Finally, they provide a vital link between the scientists and engineers of
our region in the world and other international groups.

Activities of SPIE - Bulgaria Chapter

SPIE Bulgaria Chapter (SPIE � BG) is a nonprofit society dedicated to advancing
scientific and engineering applications of optical, photonic, imaging, electronic, and
optoelectronic applied science and engineering. Its members are scientists, researchers,
engineers, students, and users interested in the development and practical applications of
these technologies. The chapter provides the means for communicating new developments
and applications information to the scientific, engineering, and user communities through
SPIE publications, international conferences and workshops in Bulgaria.

At present, the Chapter links 86 scientists from different Institutes of the Bulgarian
Academy of Sciences and Bulgarian Universities. In this year a new branch of SPIE-BG was
established in Plovdiv, the second largest university center in Bulgaria. To facilitate the wider
dissemination of SPIE ideas within Bulgaria and the enrollment of new members, all the
information and printed materials kindly provided by the SPIE International have been
regularly distributed. The journals Optical Engineering, Journal of Biomedical Optics,
Journal of Microlithography, Microfabrication, and Microsystems, and Journal of Electronic
Imaging are donated to the Library of Physics at the Bulgarian Academy of Sciences and the
Library of the Faculty of Physics at Sofia University �St. Kliment Ohridski� in order to reach
the largest possible audience of scientists.

The principal activity of the Chapter during 2006 was the co-organization of the 14th

International School on Quantum Electronics (ISQE), which took place from 18 to 22
September 2006 in Sunny Beach, Bulgaria. The School's main purpose is to provide a forum
for exchange of information, ideas, and opinions, as well as for establishment of scientific
contacts between participants from different countries. Over 120 scientists from Armenia,
Australia, Belarus, Czech Republic, France, Germany, Greece, Italy, Israel, Latvia, Japan,
Mexico, Poland, Portugal, Romania, Russia, Serbia, Switzerland, United Kingdom, the
United States of America and Bulgaria participated in this edition of the School. The
Organizing Committee and SPIE-BG are grateful to SPIE � International for the generosity in
providing financial support allowing 18 students to attend the School. A wide range of
subjects reflecting the recent developments in the field of lasers and their applications in
material processing, spectroscopy, non-linear optics, remote sensing, medicine and ecology
were discussed during the delivered 29 lectures and the two poster sessions. At the end of the
School a certain number of selected posters of young participants were nominated to be
presented in front of the entire audience. In this way young scientists can gain valuable
experience for their future scientific careers. The Proceedings of the 14th ISQE, including 23
invited lectures and 70 poster presentations refereed by the invited lecturers and selected for
publication, will be published in a special issue # 6604 of the SPIE Proceedings Series.
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On November 26, 2006, at a special
ceremony held in the Central
Administration Building of the Bulgarian
Academy of Sciences, Prof. Ivan Nedkov,
Scientific Secretary for Physical Sciences,
conferred the Decoration of Honor for
special Merits to the Bulgarian Academy
of Sciences to Prof. Gordon R. Jones of
the Department of Electronics and
Electrical Engineering at the University
of Liverpool, United Kingdom.

Prof. Gordon R. Jones is well known to the world scientific community as a leading
researcher in the field of electric arcs and plasma diagnostics, author of a number of
monographs, university lecturer, leader of research teams and a prominent academic figure.
He was the Director of the Arc Research Unit at the University of Liverpool, where
megaampere arcs were produced and studied for the first time. He was the founder and
Director of the Intelligent Monitoring Systems Center, established in 1997 and working on
several European interdisciplinary projects. The Center maintains close contacts with R&D
units and companies in the United Kingdom and implements pilot projects on the applications
of intelligent sensors. 

In the past 15 years, Prof. Gordon R. Jones has contributed substantially to the initiation
and launching of active and fruitful cooperation between the Institute of Electronics and the
Department of Electronics and Electrical Engineering. Thanks to his continuous interest in
the research activities carried out at the Institute of Electronics, his expert management of the
common projects and the efforts of his research team, the Laboratory of Plasma Physics and
Engineering of the Institute of Electronics directed its activities to a new research fields and
obtained valuable results. Moreover, the Laboratory of Plasma Physics and Engineering was
thus enabled to establish and maintain fruitful collaborations and initiate common projects
with foreign research institutions. 
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INSTITUTE OF ELECTRONICS
BULGARIAN ACADEMY OF SCIENCES

LAUREATES
ACADEMICIAN DJAKOV AWARD 2006

The Scientific Council of the Institute of Electronics awarded the 2006 Academician Emil
Djakov annual award for research in the fields of physical electronics, quantum electronics
and radio science to

Dr. Vasilka Pencheva,
Dr. Stoyan Penchev,
Vasilii Naboko, Ms. Eng,
Dr. Todor Donchev,
Dr. Tatiana Kutzarova,
Dr. Svetoslav Kolev

For the results of the studies on

Laser multispectral modulation and heterodyne methods for remote photothermal
nondestructive material analysis,

Published in

Pencheva V, Penchev S, Naboko V, Donchev T, Kolev S, .Kutzarova T, 
Laser heterodyne measurement of photothermal displacement for material surface
characterization,
Plasma Processes and Polymers 2006;3/2:253-256.

Pencheva V, Penchev S, Naboko V, Toyoda K, Donchev T,
Laser heterodyne photothermal nondestructive method: extension to a transparent probe,
Proc 14th ISQE, September 2006, Sunny Beach, Bulgaria (to be published in Proc SPIE).

Pencneva V, Penchev S, Naboko V,
Laser systems for photothermal non-destructive analysis of materials,
News Bulletin of the Bulgarian Academy of Sciences, 2006;7/35:3-4.

Pencheva V, Penchev S, Naboko V, Naboko S, Donchev T,
Application of modulated optical reflectance method for high-temperature superconducting
film characterization,
Vacuum 2004;76/2-3:253-256.
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There is considerable interest
worldwide in investigating different
innovative materials (such as high
temperature superconducting ceramics;
semiconductors; thin layers and
nanostructured materials) by using
photothermal modulation techniques. We
present here our contribution to this field,
namely, the development of laser systems
for photothermal nondestructive material
analysis. 

A Michelson interferometer was used
to detect the photothermal displacement
due to the electromagnetic radiation

absorbed in the sample surface. The
reflected beam experiences a Doppler-
shift induced by the thermal wave. The
optical properties of the sample may also
be altered by the absorbed energy, e.g., of
the refractive index changes caused by the
periodic temperature variation in the
surface layer (Fig.1). There is often
considerable contribution to the phase shift
in the reflected beam arising from the
presence of free carriers generated by the
pump beam, varying the refractive index
through the Drude effect.

Fig. 1. Thermal diffusion model of photothermal displacement in semiconductors and metals.

Fig. 2. A schematic view of the experimental set-up and experimental data of photodisplacement measurement versus
theoretically calculated values.

Photothermal displacement is a
dominant factor in the thermal diffusion
model for metals and semiconductors. The
experimental data agree with the results

predicted by the theoretical model. The use
of laser heterodyne probe for photothermal
displacement measurement is substantiated
for a variety of such materials undergoing
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polishing, ion implantation and etching
processes with accuracy better than 1%.

The schematic view on figure 2
presents a system employing a laser
double heterodyne, which is less sensitive
to excessive system noise. A highly
stabilized He-Ne laser is used as a sensor
in the heterodyne optoelectronic unit. The
beat frequency of 1MHz results from the
mixing of the reference beam and the
probe beam directed out of the unit by a
flexible single mode optical fiber. The
light of a laser diode (30mW, 785nm
wavelength) is directed collinearly with
the light from He-Ne laser to the sample
material. The laser diode is slightly
detuned (1001 kHz) from the first
harmonic beat frequency (1MHz) with the
aim to create a lower beat frequency of 1
kHz that matches the frequency band of
the phase sensitive detector. The plot on
Figure 2 presents the theoretically
calculated values of photothermal
displacement versus the experimental data.
The linear dependence observed is fairly
good except for transparent samples
(GaP), where the model based on opaque
surface fails. The resolution measured of
photothermal displacement by the double
heterodyne system is less than 1pm (10-12

m), still, an order of magnitude higher than
the theoretically estimated limit of
heterodyne measurements.

The laser heterodyne method of
photothermal analysis for material
characterization is successfully extended,
both theoretically and experimentally, to
transparent media. In particular, it is
applied to novel optical materials
developed by semiconductor, planar and
nano-technologies. A general expression
of photothermal displacement applicable
to both transparent and opaque materials is
derived by using the developed theoretical
model, which is verified experimentally
for different metals and semiconductors.
The complex of physical characteristics
determining the rate of photothermal
displacement, including: refractive index;
optical absorption coefficient; material

density; thermal conductivity; specific heat
and thermal expansion coefficient,
generates a characteristic �fingerprint�
response of the investigated material,
which is detected at the output of the laser
heterodyne. Special attention is paid to the
analysis of the specifics of the
experimental and theoretical data of silicon
probes acquired by the laser photothermal
heterodyne method. Silicon combines
exceptional optical and semiconductor
properties, and is an essential material for
the optoelectronic technologies, including
the development of future optical
computers. Understanding the photo-
thermal behavior of silicon allows precise
assessment of the parameters of
semiconductor zone and crystal structure.
We believe that nonlinear optical
transitions with emission of phonons in the
crystal lattice cause a thermal flow out of
the diffusion volume of the laser focus and
explain the discrepancy between the
experimental results and the predicted
values.

Fig. 3. Modulated optical reflectance scheme and data
revealing structural inhomogeneity of YBCO planar
resonators of 100 nm thickness, acquired by scanning
across the resonators central track. A characteristic
feature of YBCO films with embedded oxide crystals,
could be detected.
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The method of modulating the optical
reflectance of the sample by a modulated
laser beam is particularly suitable for high
temperature superconducting (HTS) films
characterization. In this respect, planar
microwave resonators utilizing high
temperature superconducting (HTS) films
are very promising for application in
communications at frequencies up to 100
GHz, as they exhibit much lower losses
than of conventional conductors. However,
their applications are restricted by the
defects within HTS films leading to
nonlinear response, significant
intermodulation and harmonic generation.
The modulated optical  reflectance  reveals

.large scale nonlinearities of YBCO
(YBa2Cu3O7-x) planar resonators, an
example of which is shown in Fig. 3. 

The key advantage of the developed
optical setup is the ability to monitor HTS
reflectance not only in normal but in
superconductive state as well, with the
high spatial resolution being unaffected by
external fields. The heating diode laser
beam and the beam of the sensor He-Ne
laser are precisely aligned in the focal spot
on the sample and separated by means of a
fiber-optics monochromator in the detector
tract. Thus, its flexibility and ease of
optical tuning present additional
advantage.
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