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ABOUT THE INSTITUTE OF ELECTRONICS

The Institute of Electronics carries out research and educational activities and disseminates

scientific knowledge in the fields of Physical Electronics, Quantum Electronics, and

Radiophysics and is the leading scientific institution within the Bulgarian Academy of

Sciences and in Bulgaria in these three main areas of modern physics.

• The research in physical electronics is focused on studying the processes of generation

and control of beams of electrons, ions and photons, and especially on their interaction

with matter. Novel techniques, physical models, and experimental and industrial

equipment are being developed for surface modification, thin-film deposition and

characterization, welding and melting of metals. Fundamental properties of low-

temperature plasma are investigated, and techniques and means are devised for plasma-

assisted formation of thin films and coatings, and for implementation of plasma-chemical

processes. 

• The research in quantum electronics comprises: experimental and theoretical studies of

the physical processes involved in the interaction of laser radiation with matter and pulsed

laser deposition of thin magnetic and HTSC films; electromagnetically induced

transparency and absorption in alkali atoms for application in atomic clocks and

magnetometers; investigation and development of complex laser systems for modification

and analysis of semiconductor and HTSC materials; theoretical and experimental studies

on non-linear optical phenomena.

• The research in Radiophysics is concentrated on studying the processes of generation,

propagation and scattering of electromagnetic waves in the visible, infrared and

microwave (MW) ranges, detection of signals and development of techniques and

systems for measurements, communications and remote sounding of the atmosphere, and

MW remote sensing of the Earth surface (soil and vegetation). Models of environmental

parameters (including fractal and chaotic models) are also developed.

The Institute of Electronics was where the first Bulgarian laser, lidar, plasmotron, ultra-high

vacuum pump, microchannel electron-optical converter, parametric MW amplifier, Josephson

junctions and SQUIDs, portable microwave moisture-meter, fiber-optical system for data

transmission, installation for electron-beam melting and welding were developed.

DIRECTOR
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LABORATORIES

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

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

VACUUM PHYSICS AND GAS/SURFACE INTERACTIONS
HEAD: Assoc. Prof. Ilya Martev, Ph.D.

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

PHYSICAL PROBLEMS OF ELECTRON BEAM TECHNOLOGY
HEAD: Correspondent Member of BAS Georgi Mladenov, Dr.Sc.

SUPERCONDUCTIVITY AND CRYOELECTRONICS
HEAD: Assoc. Prof. Todor Donchev, Ph.D.

GAS LASERS AND LASER TECHNOLOGIES
HEAD: Prof. Peter Atanasov, Dr.Sc.

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

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

FIBER AND NONLINEAR OPTICS
HEAD: Assoc. Prof. Lubomir Ivanov, Ph.D.

OPTICAL RADIOMETRY
HEAD: Assoc. Prof. Vichko Tsanev, Ph.D.

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

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

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

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

PHYSICAL TECHNOLOGIES - SLIVEN
HEAD: Assoc. Prof. Radomir Enikov, Ph.D.



     LABORATORIES
          ●   Research Activities
          ●   Publications
          ●   Patents
          ●   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
Assoc. Prof. N. Drandarov, Ph.D.; M. Mladenov; P. Georgiev; V. Varbanova; Ts.
Valchovska; P.l. Petkov.
Ph.D. students: Zh. Dimitrova, Z. Dinkov, D. Zurlev

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 experimenjtsplanned to be
conducted in the laboratory.

1. The changes were modeled ocurring
in layers of Та2О5 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. 

2. Modeling of an analogous
experiment, but with a thin oxide film
deposited on the Та2О5 layer. Following
the oxide film deposition, the surface is
bombarded by 400-eV Ar ions, in view of
improving the Та2О5 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 aqchieved at lower irradiation
doses. One observes penetration of О2
from the oxide film in the Ta2O5 layer,
which results in an improvement of the
Та2О5 stoichiometry.

At the same time, the number of
induced deffects is reduced, which leads to
a reduction of the degree of layers'
amorphity and, in the turn, of the necessity
of additional annealing of the structures.

2. Focused ion beams

Field emission
А) Field evaporation 

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
a 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 were
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
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by Branson�s criterion increased by 1, as
compared with predictions based on
Müller�s formula and the same
thermodynamic data. Predicted
enhancement factors lay between 1.03 and
1.47, with average 1.11.

B) Field ion and electron emission from
liquid metal sources

The field emission sources are widely
used as emitters of ions and electrons.
Important characteristics of these sources�
stability of operation are the transient
processes occuring upon changing the type
of emission of the source. The best of our
knowledge, dat on such studies are lacking
in the scientific literature. In order to
obtain information on these processes, we
proposed methodology and an experiment
whose main elements are a liquid metal
ion source, an extractor, and a luminescent
screen deposited on a metal substrate that
could be rotated at 1800. The latter is
necessary in order to avoid the ion
emission damaging the luminescent
screen. The experiments were carried out
by using the �freezing� technique,
whereby the applied voltage was switched
off a few minutes after switching off the
the source reservoir�s heating. Following
this, the source was switched in a field
emission mode, by means of which the
condition of the emitting surface was
visualized. 

At this stage of development of our
device, we could only assess the condition
of the emitting surface by the type and
state of the ions and neutral atoms
deposited on the metal plate. These data
allowed us to explain the behavior of the
volt-ampere   characteristics   of  the  field-

emission liquid-metal ion sources. For
example, in the case of a Au source, we
obsrved three regions, namely, up to
100 µА, between 100 and 130 µА, and
above 130 µА. This behavior is most
probably related to the appearnce of
Taylor cones, one for the first region, two
for the second and three for the third.

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 a review article published in
Vacuum and Measurement Science and
Technology some of our original work on
a thermionic emission energy transverter
for vacuum technology was summarized. 

On the basis of an improved physical
model of a hot filament ionization system
in 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 applied 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 and optimal transient responses
were achieved.

PUBLICATIONS:

1. Kaschieva S, Todorova Z, Dmitriev SN,
Radiation defects induced by 20 MeV electrons in MOS structures,
Vacuum 2004;76:307-310.
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2. Kaschieva S, Todorova Z,
Radiation defects in n- and p-Si MOS structures caused by consecutive ion implantation and
gamma irradiation,
Vacuum 2004;76:311-314.

ONGOING RESEARCH PROJECTS:

1. Financed by the Bulgarian Academy of Sciences, Application of ion beams for synthesis
and analysis of new materials;

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

COLLABORATIONS:

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

2. Field ion emission,
Centre of Ion Beam Materials Modification, University of Edmonton, Canada.

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

4. Field evaporation process models,
Advanced Technology Institute (BB), School of Electronics and Physical Sciences,
University of Surrey, Guilford, UK.
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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 

The concept of the temperature
dependence of the binary intermolecular
interaction potential was extended to
anisotropic molecules. The effective
Lennard-Jones (n-6) potentials with
explicitly temperature-dependent potential
parameters ε(Т) (potential well depth) and
Rm(T) (separation at minimum energy)
were successfully applied to the alkanes
CnH2n+2 (n = 1 - 5), and Cl2. The potential
parameters ε(Т), Rm(T) and n (repulsive
parameter) were determined by
simultaneously fitting thermophysical
equilibrium (second pVT and acoustic
virial coefficients, B(T) and β(T),
respectively) and transport data (viscosity
η(T) and self-diffusion coefficients ρD(T).
For these molecules, it was shown that an
effective isotropic temperature-dependent
potential reproduces the experimental
input data for pure gases and their binary
mixtures within the range of the stated
experimental accuracy. The root-mean-
square deviations between experimental
and calculated data were by 7%�70%
smaller using the Lennard-Jones (n-6)
temperature-dependent potential compared
to its temperature-independent analogue.
Correlations were found for the potential
parameters with the volume of the
molecules, their dispersion interaction
energies and the enlargement of the

molecular size on account of vibrational
excitation.

2. Plasma-chemical processes in
chemical industries 

Studies on the dynamics and kinetics
of plasma-chemically synthesized and/or
regenerated catalysts for steam conversion
of methane showed that the electric-arc
thermal plasma creates conditions for the
production of catalyst compositions that
are reduced 2 � 4 times as fast as their
industrial analogues; moreover, when the
reduction was carried out in HF discharge,
the rate of the topochemical reduction rate
exceeded that of the nanodispersed
plasma-chemically prepared catalysts by
about 10 %. The high specific surface of
the plasma-chemically synthesized or
regenerated nanodispersed catalysts, the
homogenous composition, the high rate of
active chemical surface formation by
reduction, the faulty crystal lattice of the
catalytically active phases and, most of all,
the high catalytic activity and thermal
stability of nanodispersed modified and
regenerated catalysts all make them a
potential competitor to their industrial
analogues.

The catalysts described have a
promising future. The direct application of
low-temperature plasma for activation of
catalytic processes can result in higher
catalytic activity and selectivity for these
catalytic reactions compared with the
conventional catalytic processes.
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Investigations and considerations were
presented on the plasma-chemical
preparation, regeneration and activation of
nanostructured catalysts in low-
temperature plasma (electric-arc torch,
high-frequency and other discharges). The
four main trends in the plasma-chemical
preparation of catalysts were described:
1) Plasma-chemical synthesis and
activation of catalysts in condensed phase,
2) Plasma-assisted deposition of
catalytically active compounds and
composites on various carriers, 3) Plasma-
chemical regeneration of spent catalysts,
and 4) Activation of catalytic processes in
plasma conditions. The theoretical basis
and advantages of plasma-chemical
synthesis and regeneration of spent
catalysts were discussed. The
investigations on plasma modification of
catalysts were reviewed in their quality of
being a new research area in this field. It
was pointed out that the high catalytic
activity and thermal stability of plasma-
chemical prepared, modified and
regenerated catalysts make them a
potential competitor to their industrial
analogues.

Future investigations should aim at
solving the following problems: 1) Design
of plasma-chemical installations which
ensure complete vaporization of the
ingredients; 2) Study of the specific
processes of condensation and
crystallization of nanodispersed phases in
a plasma-chemical reactor under highly
non-equilibrium conditions; 3) Investiga-
tions on the fundamentals of plasma
modification of catalysts.

Examples of current achievements and
paradigm shifts, such as, nanostructured
materials; nanoparticles in the
environment (plasma-chemical prepa-
ration); nanoporous polymers and their
applications in water purification;
photocatalytic fluid purification;
hierarchical self-assembled nanostructures
for adsorption of heavy metals, etc. were
commented on. 

3. Nanomaterials synthesis

Theoretical and experimental studies
were completed of the possibility for Si-
based nanostructured ceramics (SiC,
Si3N4) production from liquid
organometallic precursor (CH3SiCl3)
under thermal RF-IC plasma conditions.
The thermodynamic calculations of the
processes leading to SiC and Si3N4 solid-
phase formation performed in the Institute
of electronics, BAS, are in good agreement
with the experiments carried out in the
Institute of Technical Thermodynamics,
German Aerospace Center (DLR),
Stuttgart, Germany. 

New studies (in collaboration with
DLR) were started concerning lanthanum
manganite perovskite formation from La-,
Mn- nitrate solutions, under thermal RF �
IC plasma conditions. Thermodynamic
calculations were performed related to the
LaMnO3 synthesis. The influence was
studied of the different initial conditions,
i.e. different plasma gas compositions
(Ar+H2, Ar+O2), on the perovskite
formation. It was shown that O2 is the
preferable auxiliary sheath gas, leading to
LaMnO3 formation in a wide temperature
range. 

4. Chromatic monitoring of arc torches
used for plasma spraying

Chromatic modulation based methods,
components, devices and software were
created and tested. The methods were
found to be suitable for monitoring and
control of arc torch plasma spraying. To
prove this, tri-stimulus photo-electric
signals and colour images of arc plasma
jets with or without powder particles in
atmospheric environment were produced
and analysed. The results demonstrated the
potential of chromatic processing to
extract dominating information about the
plasma processes. It was shown that the
chromatic method can discern variations in
the plasma torch operation, outflow from
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the nozzle, state of heated particulate and
quality of deposited coatings. 

Such measurements require a
minimum of technical means (e.g. three
photo-diodes, ADC, PC and basic
software); the chromatic detector is not
sensitive to noise and other interference
yet requires adjustment to the specific
conditions. 

This simple system is capable of
simultaneously detecting the properties of

both the plasma and the heated particles
carried by the jet. By addition of a second
system using three identical detectors it
becomes possible to follow also the
thickness and the angle of propagation of
the jet. 

We have also shown the potential for
using such techniques in other fields, such
as remote sensing and quality control in
agriculture.

PUBLICATIONS:

1. Zarkova L, Hohm U, Damyanova M, 
Comparison of Lorentz-Berthelot and Tang-Toennies mixing rules using an isotropic
temperature-dependent potential applied to the thermophysical properties of binary gas
mixtures of CH4, CF4, SF6 and C(CH3)4 with Ar, Kr, and Xe, 
Int J Thermophys 2004;25/6:1775-1797.

2. Hohm U, Zarkova L, 
An Extension of the Approach of the Temperature-Dependent Potential to the Small Alcanes
CH4, C2H6, C3H8, n- C4H10, i- C4H10, n- C5H12, C(CH3)4 and Clorine, Cl2,
Chem Phys 2004;298:195-203. 

3. Hohm U, Zarkova L, 
Semi-empirical calculation of second Kerr-effect virial coefficients of atoms and small
molecules,
Chem Phys Lett 2004;389:293-297. 

4. Zarkova L, U. Hohm U, Damyanova M, 
Potential of binary interactions and thremophysical properties of Chlorine in a gas phase,
Proc 17th ESCAMPIG, Constanca, Romania, September 2004, pp 61-62.

5. Fokin LR, Zarkova L, Damyanova M 
Interaction potentials of nine quasi-spherical molecules based on knowledge of the gases�
transport properties (in Russian), 
TBT 2004;6:878-884. 

6. Vissokov GP, 
Plasmachemical preparation of nanostructured catalysts for low-temperature steam
conversion of carbon monoxide - Thermodynamic and model studies, 
Catalysis Today 2004;89:205-211.

7. Vissokov GP, 
Plasma-chemical preparation of nanostructured catalysts for low-temperature steam
conversion of carbon monoxide - Properties of Catalysts, 
Catalysis Today 2004;89:213-221.
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8. Vissokov GP, 
Plasmachemically synthesized nanostructured catalysts for low-temperature steam conversion
of carbon monoxide - Catalytic activity, 
Catalysis Today 2004;89:223-231.

9. Vissokov GP, 
Some peculiarities of nanodispersed catalysts synthesiszed or regenerated in an arc plasma
conditions, 
Catalysis Today, 2004;89:245-251. 

10. Vissokov GP, 
Plasmachemical synthesis and regeneration (activation) of nanostructured catalysts for
methane steam conversion, 
Catalysis Today, 2004;89:625-632.

11. Vissokov GP, 
Plasmachemical nanotechnologies in catalysis, 
J Univ Chem Technol and Metallurgy 2004;39/2:121-140. 

12. Vissokov GP, 
Complex purification and utilisation of waste industrial gases in a nonequilibrium plasma, 
J Environmental Protection and Ecology, 2004;5/2:409-416. 

13. Vissokov GP, 
Environment protection by plasmachemical thermal destruction and utilisation of hazardous
waste, 
J Environmental Protection and Ecology, 2004;5/2:417-425.

14. Vissokov GP, 
Plasma-chemical preparation of nanodispersed ferroxide powders, 
Nanoscience & Nanotehnology '04 -Nanostructured materials application and innovation
transfer, E. Balabanova, I. Dragieva (Eds), Heron press science series 2004, pp 37-40.

15. Vissokov GP, 
Nanodispersed Ferroxide Powders � Plasmachemical Preparation and Properties,
Nanoscale Magnetic Oxides and Bio-World, I. Nedkov, Ph. Taihades (Eds), Heron Press,
Sofia, 2004, pp 38-66.

16. Alexieva JA, Djakov BE, Trifonov TA, 
Generalized nets modelling of a chromatically controlled, industrial plasma process, 
IFAC Workshop DECOM-TT2004 (Automatic Systems), Bansko, Bulgaria 2004, pp.119 �
123. 

17. Djakov BE, Oliver DH, Enikov R, Vasileva E, 
Optical monitoring geometrical properties of plasma jets by chromaticity methods, 
Proc 12th Int. Workshop Plasma Technology, Ilmenau, Germany, 2004, pp 111 � 118. 

18. Laux M, Schneider W, Juttner B, Balden M, Linding S, Beilis I, Djakov BE, 
Ignition and burning of vacuum arcs on tungsten layers, 
Proc 21st ISDEIV, Yalta, Ukraine, September 2004, paper 1D27.
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19. Djakov BE, 
Method of chromatic modulation for observations, diagnostics and control of objects, 
JBAS 2004;2:18-23.

20. Djakov BE, Hrabovsky M, Kopecky V, Jones GR, 
Monitoring water vapour plasma jets admixed with argon using chromatic optical sensing
techniques, 
High Temp Mat Proc 2004;8/2:185�194. 

21. Balabanova E, Bouyer E, Müller M, 
Thermal plasma synthesis of Si-based ceramic nanomaterials - thermodynamic study, 
Nanoscience & Nanotehnology '04 -Nanostructured materials application and innovation
transfer, E. Balabanova, I. Dragieva (Eds), Heron press science series 2004, pp 22-26.

22. Balabanova E, 
Modelling of the processes of nanoparticles synthesis in aerosol reactors
Nanoscale Magnetic Oxides and Bio-World, I. Nedkov, Ph. Taihades (Eds), Heron Press,
Sofia, 2004, pp 212-230.

23. Guerassimov N, Karpuzov D (Guest Editors),
Proc VEIT 2005, Vacuum 2004;76/2-3:117-424.

24. Guerassimov N, Ghelev Ch (Editors),
Annual Report IE 2003:1-112.

ONGOING RESEARCH PROJECTS:

Financed by the National Science Fund

F-1105 Investigation of a plasmachemical reactor with co-axial electrodes for technological
applications.

F-906 Chromaticity methods for diagnostics and control of a multi-phase plasma jet.

COLLABORATIONS:

Development and implementation of a joint IHT RAS � IE BAS data on interaction potential
and kinetic coefficients of atomic and molecular gases, Institute of High Temperatures,
Russian Academy of Sciences, Moscow, Russia.

Low temperature plasma and its technological application, Institute of Plasma Physics, Czech
Academy of Sciences, Prague, Czech Republic.

Chromatic monitoring of industrial plasmas, CIMS, The University of Liverpool, Liverpool,
UK.
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LECTURE COURSES:

Inorganic chemistry, General and Inorganic Chemistry,
University of Mining and Geology, Sofia, Bulgaria; 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.

LABORATORY VISITS:

L. Zarkova, Institute of Physical and Theoretical Chemistry at the Technical University of
Braunschweig, Germany, collaboration with apl. Professor U. Hohm �Research on the
thermophysical properties of pure globular molecules and their binary mixtures�, 3 months 

B.E. Djakov, Laboratory for Plasmas and Surfaces at the Technical University of Ilmenau,
Germany, collaboration with Professor G. Nutsch �Optimisation of arc torch nozzles�, 2
weeks.
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LABORATORY

VACUUM AND GAS/SURFACE INTERACTION PHYSICS
HEAD: Assoc. Prof. I. Martev, Ph.D.

TOTAL STAFF: 2

RESEARCH ACTIVITIES:

1. Synthesis, characterization and
investigation of the properties of binary
thin-film titanium compounds: titanium
nitride

This study was aimed to elaborate a
reliable and simple process for deposition
of highly adhesive, hard, and wear-
resistant coatings of titanium nitride (TiN)
on instrumental steel (HSS). The work was
carried out jointly with the laboratory of
Physical Technologies at the Institute of
Electronics, BAS. TiN films were
deposited by magnetron sputtering at a
temperature of 520 K. The process was
optimized to achieve a maximum adhesion
of deposits to the surface of HSS. This
optimization was achieved via the main
process parameters: (i) time of substrate
surface treatment by high pressure glow
discharge in pure argon atmosphere prior
to deposition; (ii) magnetron discharge
power; (iii) ratio of argon to nitrogen
partial pressures in the working gas
mixture during deposition and
(iv) negative bias voltage of the substrates.

The composition of the films was
investigated by Auger electron
spectroscopy (AES). A homogeneous
distribution of the elements (Ti and N) was
found throughout the film thickness. A
rough estimation of the composition from
the AES analysis showed that the films
were slightly under-stoichiometric. 

X-ray diffraction (XRD) investigations
revealed the presence of δ-TiN (as a
dominant phase) and ε-Ti2N phases in the
films. The XRD investigation performed
also showed that the films grow
preferentially along the (200)

crystallographic direction. The lattice
parameter of the fcc δ-TiN phase was
calculated from the main (200) δ-TiN
diffraction peak. Its value of 0.425 nm was
slightly higher than that of the bulk
titanium nitride (0.424 nm), thus
suggesting a small expansion of the crystal
lattice, typical for closely packed thin film
crystal structures.

The Vickers hardness of the TiN
coatings was measured by a nanotester on
films with a thickness of about 2.5 µm.
With a load of 100 mN, the penetration of
the indentor in the film was less than 20 %
of the film thickness. The measured
Vickers hardness of 14 030 MPa is nearly
70 % of that of the bulk titanium nitride.
The Young�s modulus of films is about
190 to 200 GPa.

2. Synthesis, characterization and
investigation of the properties of binary
thin-film titanium compounds: titanium
dioxide

The investigations on this topic were
intended to obtain adsorption layers with
high sensitivity for applications as sensors
of humidity and other active gas species.
The deposition of TiO2 was done by
magnetron sputtering of a Ti-target in
oxygen atmosphere without using argon as
a supporting sputtering gas. The films
were deposited on quartz resonators (as
sensing elements) and on other substrates
for compositional and structural
characterization. The deposition was
carried out at low temperatures in order to
avoid the damage of quartz resonators.
Furthermore, a polymer sub-layer was
deposited by plasma polymerization as an
additional prevention from eventual
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damage during the deposition run. Films
with broad range of thickness were
examined by resonance frequency
measurements. These measurements were
performed at well-defined environmental

conditions: temperature and relative
humidity. Several methods for analyzing
the TiO2 thin films were applied: Auger
Electron Spectroscopy, X-ray Diffraction
and Raman Spectroscopy.
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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; J. Dyulgerska; P. Shentova.

RESEARCH ACTIVITIES:

1. a-C:H absorber layer for solar cells
matched to solar spectrum

Over the last several years, carbon
based materials have been extensively
investigated in view of possible use in
electronic applications as electron field
emitters, in magnetic storage technology,
etc. Among them, the thin films of
amorphous carbon (DLC) are particularly
attractive for fabrication of photovoltaic
cells because their optical gap Eg can be
easily varied. This can be very important
for thin film solar cells.

The conventional solar cell, made from
crystalline silicon, has a single band gap of
1.12 eV. When such a cell is exposed to
the solar spectrum (1 � 3 eV) only the
photons with energy equal to the optical
gap contributes to the cell output. Photons
with lower energies make no contribution
and photon energy greater than Eg is
wasted as heat. This is why the efficiency
of a single band gap is about 15%. An
improvement can be achieved by using
multijunction (tandem) solar cells. In such
cells a variation in the band gap is made in
order to use a different portion of the solar
spectrum. Usually, different band gaps are
produced by changing the chemical
composition of the film. It is, therefore,
desirable to use a material having its band
gap varied without alloying. Amorphous
hydrogenated carbon is known to be such a
material.

Our research work was focused on
deposition of diamond�like carbon films
with different band gaps obtained only by

varying the voltage in a DC PECVD
system and fabrication of DLC multilayer
system with absorption matched to the
solar light spectrum.

We believe that such a � C: H
multilayer can be used as effective
converter in solar cells.

2.Wear-resistant Ti � C � N coatings
with gradient interlayers

We proposed a simplified technique
and procedure for ion-assisted reactive
magnetron deposition of Ti-C-N coatings
with improved mechanical properties. A
magnetron system with continuous control
of the unbalanced ratio was employed. For
adhesion enhancement of the Ti-C-N films
on high-speed-steel (HSS) substrates, a
gradual transition from ion sputter
cleaning mode to ion-assisted thin film
deposition mode was realized. The film
adhesion was additionally enhanced by
consecutive deposition of three interlayers
� one titanium layer and two interlayers
with graded composition. The first
gradient interlayer changed its
composition from Ti to Ti-N, while the
second one, from Ti-N to that of the final
Ti-C-N coating.

The Ti-C-N films were deposited using
a conventional laboratory high vacuum
system equipped with a turbomolecular
pump. The working gas input flows of
argon, methane and nitrogen were adjusted
by three automatic flow control units 

The Ti-C-N coatings thus deposited
were characterized by intrinsic mechanical
stress, as well as with Vickers
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microhardness; the adhesion to the HSS
substrates prove to be comparable to that
of the best Ti-C-N films reported so far.

The deposition technique and
procedure proposed in the present study
could find prospective practical
application for the production of highly
wear-resistant Ti-C-N coatings on HSS
tools.

3.High harmonic generation in
inhomogeneous HTc superconducting
thin films

A large number of papers have been
devoted to the generation of harmonics by
a superconductor immersed in an
oscillating magnetic field. This generation
is caused by nonlinear magnetic properties
of the superconducting material, which
lead to the appearance of rich harmonic
content in the AC response. Investigation
of harmonic generation is a powerful tool
of characterization of electrodynamic
properties of superconductors, especially
in thin films. By monitoring the
development of odd harmonics (usually
the third harmonic) in the response, one
can measure contactlessly the critical
current density and critical temperature of
superconducting films. The
superconductor behavior in oscillating
field is also important in shielding
applications, as well as in microwave
devices as a basis of a new class of
upconverters and mixers for high-
frequency communication.

Harmonic generation in
superconductors was found to be
influenced by many parameters, including
the sample homogeneity and shape. In
order to simplify the interpretation of the
experimental results, usually only the
simplest geometries like cylinder, slab or
disk are investigated.

We studied the generation of higher
harmonics in inhomogeneous HTc using
epitaxial YBCO films. An inhomogeneity
was introduced in the film by ion
implantation. A half of the YBCO film
was implanted with oxygen ions at
100 keV and dose of 2 x 1013 O+/cm2. The
implantation reduced the superconducting
properties of the implanted region.

All measurements were performed at
77 K. The sample was placed in a
magnetic field of a long solenoid. The coil
was powered by a 100 W audio amplifier
driven by a 1 kHz oscillator. The AC
magnetic field applied was parallel to the
c-axis of the film. The measurements were
carried out in the earth magnetic field,
without additional applied DC field.

It was found that the spectra of the
harmonics generated were influenced by
the sample homogeneity and shape. While
in homogeneous YBCO films the high
harmonics amplitudes decreased
continuously with the harmonic number,
we observed here that some harmonics
were enhanced and others depressed.

We believe that it will be possible to
control and optimize the process of high
harmonics generation.
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LABORATORY

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

TOTAL STAFF: 18

RESEARCH SCIENTISTS: 13
Assoc. Prof. K. Vutova, Ph.D.; Assoc. Prof. P. Petrov, Ph.D.; Assoc. Prof. S. Sabchevski,
Ph.D.; V. Vassileva, Ph.D.; Y. Gueorgiev, Ph.D.; M. Petkov, Ph.D.; Ch. Georgiev; P. Vlaev,
M. Kardjiev, T. Nikolov, E. Georgieva, S. Velinova, D. Mollov.
Ph.D. students: E. Koleva, G. Djanovski.

RESEARCH ACTIVITES:

1. Electron and Ion beam lithography

A detailed study was performed of
electron beam lithography (EBL)
patterning of high temperature
superconducting (HTS) thin film
structures. The space distribution of the
energy absorbed in the resist layer during
the exposure was calculated based on the
Monte Carlo method or using the
Boltzmann transport equation. To test the
adequacy of the latent image
determination, calculations of the exposure
of resist films on Si substrate were
performed in addition to the calculations
of the exposure of chemically amplified
epoxy-based resist deposited on HTS films
on SrTiO3 or on MgO, The results were
confirmed experimentally. It was shown
that the substrate material and the sub-
layers below the HTS film strongly affect
the back-scattering electron space
distribution due to the difference in the
effective mass number and density.

Furthermore, by means of precise
calculation of the development process,
the possibility was proved to simulate the
kinetics of the EBL resist profiles
development with critical dimensions of
100 - 200 nm. 

The data obtained by means of our
computer tool for simulation of the
exposure and development processes in
patterning of nano-structures on

YBCO/STO substrates covered by an
epoxy resist over a wide exposure dose
demonstrated that the simulation tool
developed predicts with good accuracy
images with critical dimensions in the
range below 500 nm.

Test images with critical dimensions of
the order of 150 � 200 nm in the resist and
300 nm HTS bridges or channels were
produced experimentally by EBL.

An optimization approach, based on
statistical models and optimization
procedures, was applied to form nearly
vertical side-walls of the developed resist
profiles.

The EBL optimization uses two
criteria: (i) the width of the developed
resist profile, measured at the interface
between the resist and the substrate, must
be equal to the width measured at a height
of 5% of the initial resist thickness with
respect to the substrate, (ii) the average
side-wall angle of the developed resist
trench edge must be maximal. The
approaches proposed can also be applied
with other simulation models, parameters
and resists, as well as with real
experimental EBL data.

In the case of applications of ion beam
lithography (IBL) for development of
nano-structures, the simulation tool
requires the use of more adequate models
for the scattering of the penetrating ions,
for the energy losses and for the
development process. The tool developed
in our laboratory demonstrated the
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possibility for precise prediction of the
profiles developed by IBL and the lack of
external proximity effect. At higher
resolution (namely at critical dimensions
of the images developed of the order of
50 � 100 nm), internal proximity effect
was observed in the case of IBL, similarly
to EBL. We applied our computer code to
study the case of nano-patterning of
polymethil methacrylate with thickness of
100 and 400 nm. Exposure with 60 �
 100 keV He ions has advantages in image
regions below 150 nm. Heavier ions, such
as Ar or Ga, can also be used at higher
resolutions, but the resist must be thinner
or one must use multi-layer resists with an
layer upper sensitive to the respective ions.
One must also take into account the
Coulomb interaction between the
penetrating charged particles.

2. Electron beam welding of metals in
vacuum.

The attention of our studies was
focused on the statistical approach for
prediction and computer optimization of
the electron-beam welding regimes
concerning stainless steels. 

Prediction of the geometrical
dimensions in cases of welding by
concentrated energy beam (laser and
electron beam) is based on known thermal
models. Due to the approximations made
in describing the heat source acting in the
molten base (namely, a linear source, a
point source, a combination of these, and a
volumetric state heat source) the
estimation is of limited accuracy. This
approach to estimating the welding seam
geometric characteristics is only successful
in the case of butt-welding of thin plates.
The published models for a deeply
penetrating beam permit one to evaluate
only the possible areas of variation of: i)
the product of the welding speed and the
weld width and ii) the ratio between the
beam power and the weld depth. Thus, for
electron beam welding of stainless steels
with beams with power from 2 to 10 kW,

the product of the welding speed and the
weld width is in the interval 0.05 -
 0.75 cm2/s, and the ratio between the
beam power and the weld depth is in the
range 1.3 � 10 kW/cm. To evaluate the
desired characteristics of the weld, one of
the geometrical weld parameters can be
empirically chosen. Then, using thermal
balance data (namely, the plot of the
dimensionless temperature as a function of
the dimensionless distance), the second
geometrical weld parameter can be
estimated. The heat efficiency, therefore,
is an important intermediate calculated
parameter that also has physical meaning.
Knowing its value is necessary for
understanding and optimizing the welding
process by a concentrated heat source.

Furthermore, we proposed a statistical
model, based on a multi-response
technique, that permits one to create
statistical models of the electron beam
welding, including the distances from the
electron gun to the beam-focusing plane
and to the surface of the welded samples.
These important parameters are not
included in the heat models. In this way,
we incorporated in our model the
dynamics of the crater development in the
welding pool, as well as the processes of
interaction of the beam with vapours and
the energy distribution kinetics on the
crater walls. Based on such a model of
regression equations, developed by using
results obtained from the analysis of a
designed experiment, we calculated the
width and depth at various beam power
values, the welding speed, and the
positions of the beam focus with respect to
the sample surface and the electron gun.
The dependence of the heat efficiency on
the welding parameters was also
calculated. The maximum value of the
thermal efficiency does not coincide with
the weld depth maximum. Another
important conclusion is that for beam
powers of up to about 4 kW, the beam
must be focused 8 mm below the sample
surface. In the case of higher beam powers
(4 � 8 kW), the focus position is not
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critical and deeper welds are achieved
when the focus is positioned at 62 mm
above the surface. We developed
optimization computer procedures
allowing one to produce welds of desired
geometry, together with a model approach
for quality improvement in mass
production involving application of
electron beam welding. Besides models for
estimation of the average values of the
geometrical characteristics, additional
models of the variances of these values
were used. These two models were
assessed in order to improve the quality of
the process by decreasing the deviation of
the performance characteristics from the
target values. Using these models, the
improvement of the quality was
considered, defined as an optimization
problem aimed at achieving reproducible
welds while keeping constant the mean
value of weld depth and/or width.

EBW of Al alloys was also studied.
Thermal, thermo-diffusion and structural
changes in the weld and adjacent zones
were analysed. New data were acquired on
the dimensions and shape of the EB welds,
as well as on the mechanism of formation
of a channel (keyhole) in the welding pool.
The experimental data shows that the
molten pool surface oscillates at a
frequency of a few hundred Hz and the
channel surface oscillations are of the
same order.

3. Electron beam melting and refining
of metals in vacuum.

This technique allows flexible control
of the absorbed power and purification of
the metal produced (due to the lack of
contact between the molten metal and
ceramic pots or air and slag). The high
degree of energy concentration and the
high total power (tens or hundreds of kW),
as well as the high efficiency of
transformations of the electric energy in
beam energy and then in heat, are
additional advantages.

We produced top purity oxygen-free
copper and high-purity hafnium, titanium,
tantalum and zirconium, as well as alloys
of these metals. This achievement was
based on detailed investigation of the
kinetics of oxidation and oxygen removal
from the molten metal during the electron
beam action, supplemented with numerical
simulation of the heat processes, statistical
design of the experiments and data
analysis. The processes at the front of the
re-melted rod and on the top surface of the
cast ingot were investigated both
experimentally and theoretically. We were
able to clarify the critical regimes
influencing the refining processes and the
extraction of the non-metallic inclusions,
as well as the floatation and the chemical
interactions between the alloy
components.

We thus accumulated data on the
optimal regimes of electron beam melting
and refining of the metals mentioned. 

For example, in the case of electron
beam refining of copper, due to the
chemical bonding of the oxygen with the
more active alloying component, the
paradoxical result was obtained: one
produces purer copper when using raw
copper that contains a larger amount of
contaminants (so called black copper),
rather than electrolytically purified copper.
The refining process takes about three
minutes, instead of the 20 - 30 or more
minutes dwelling time in the liquid state of
the traditional electron beam technology.
This record-breaking result for production
of oxygen-free copper (the contamination
was 8 - 10 parts per million of oxygen in
copper) was achieved by adding graphite
powder to the melt and ensuring contact
between the liquid copper and the surface
of the graphite bottom.

4. Simulation of electron spectroscopy
signals from flat or rough sample
surfaces

Using a general set of equations, a
model was developed for calculation of the
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angular intensity distribution of the XPS
signal from different samples (flat samples
or textured samples with different prism
slope angles of the roughness structures) in
the cases of deposition of an over-layer or
of compositional modification of the
surface, as well as of covering with layers
of materials different from that of the
sample. The surface roughness model uses
a large number of repeating triangular
prisms (or V-like shaped channels). The
results obtained concerning the textured
samples are correct for the height of the
surface roughness structures 3-5 times
greater than the photoelectron ejection
depth. The values of the altered layer
thickness and the values of the emitted
photoelectron's ejection depth are of the
same order. The calculated distributions
obtained at different conditions were
analyzed. The results of the calculation in
the case of textured samples showed that
the angular XPS intensity distributions
obtained differ from a cosine law.
Estimation of the sample surface
roughness can be also performed by
analysis of the angle-resolved X-ray
photoelectron spectra.

5. Computer simulation of electron guns
for gyrotrons

Experiments were carried out on a
novel type of large orbit gyrotron
developed at Fukui University (FIR FU
Research Center) in cooperation with the
Shin-Etsu Chemical, Takefu, Japan,
Institute of Applied Physics, N. Novgorod,
Russia, and IE, BAS (Dr. S. Sabchevski).
The full set of optimal control parameters
for a stable operation of that gyrotron with
axis-encircling electron beam, on the third,
forth, and fifth harmonics of the cyclotron
frequency were identified. The device
system (including advanced electron gun
and rare-earth permanent magnet) are quite
novel from conceptual point of view and
demonstrate the remarkable potential of
masers with electrons moved around
device axis.

A new constant of motion was defined,

pertinent to the interaction between
electrons gyrating in an external magnetic
field and the TM modes in the waves in a
cylindrical waveguide. This result has a
fundamental importance for understanding
the cyclotron auto-resonance and sheds a
new light on the basic relations underlying
new devices and applications using
cyclotron resonance with TM modes.

6. Synthesis and treatment of thin films

The electron beam deposition process
of thin high temperature superconducting
films (YBa2Cu3O7-x layers deposited on
SrTiO3 or MgO substrates) was optimized.
For quantitative measurements of the
deposited mass of the various film
components, a quartz measuring device
type XTM/2 INFICON was used in
addition to the HR 2000 (195 - 335 nm)
Ocean Optics optical emission
spectrometer. In addition, an ozone
generator was used instead of an oxygen
source for heat-treatment of the samples
after deposition of the films.
7. Ion modification of polymers

The radiation effects were studied
during ion penetration in polymers, in
view of modifying the polymer�s electron
conductivity and u.v. radiation
transparency.

We studied the sheet electrical
conductivity of the surface of samples of
poly-vinyl-chloride (PVC) and polyamide
(PA) after irradiation with various ions at
different doses.

The changes in PVC were larger than
in PA. The results cannot be explained by
differences in the penetration ranges of the
irradiating ions. The sample surface
resistivity is affected by erosion of the
polymer material that takes place during
ion irradiation due to intense electronic
losses by the penetrating ions.

8. Characterization of the electron beam
and of the plasma generated during EB
treatment

1. Electron beam characterization in a
defined cross-section can be performed by
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an image-transferring device. The main
characteristic of the analyser is the rate
transfer of the Furrier spectrum of signal
measured. Such an approach permits one
to evaluate and optimize the electron beam
analysers. The limit of signal distortion is
given by the space-frequency (modulation)
characteristics of the scanning part of the
analyser. A matrix of 32 x 32 short pulses
and a data transfer rate twice bigger than
the Furrier spectrum maximum frequency
are needed to obtain an adequate signal of
the measured radial or angular
distributions of the beam electrons in the
cross-section studied.

2. The process of plasma expansion
during EB welding was also studied. The
plasma consists of low-energy electron
and ions generated during the beam
propagation through the metal vapors and
residual gases in the technological vacuum
chamber. The space distribution of the
plasma electron density and potential
distribution in the vacuum chamber shows
a collision-less radial free movement of
the plasma particles. The calculated and
experimental data are in a good agreement.

9. Other results on EBL

One of laboratory fellows (Dr. Y.
Georgiev) was on a long term visit in
AMO Ltd-Aachen University, Germany.
He continued our participation in the work
on development of nano-dimensional
electronic circuits using EBL. Various
nano-structures were fabricated and

investigated, such as CMOS transistors of
a novel type, waveguides and resonators
for optoelectronic devices, printers for
nano-in-print lithography, structures for
molecular electronics etc.

Considerable attention was paid on:
(i) stimulation of the process of
development of nanostructures wits mega-
sound waves (λ = 1 MHz) by using
specially designed equipment; and
(ii) investigation of the nano-structures
development and drying by ultra-movable
fluids (such as CO2) in standard equipment
(Supercritical Fluids, USA)

The investigations in field (i) showed
that, in comparison with conventional
development, the mega-sound stimulation
increased the development rate and
homogeneity of development of nano-
structures with a high aspect ratio (ratio
between the depth and the width of the
line), namely, of the order of 20 - 30. At
the same, the destructive effects, typical
for the ultrasound stimulation, were
avoided.

Investigations in field (ii) shows that at
dimensions less than 100 nm not only the
surface tension between the two
neighboring lines, but also its molecular
structure is important for the a high value
of the aspect ratio. By using CO2 in the
supercritical state, densely situated
structures were mastered, as well as single
lines in a negative electron resist of
extremely high aspect ratios (up to 50).
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India, 2004, Das AK, Kandaswamy E, Mascarenhas M (Eds), Ebenezer Printing House,
2004, ISBN No 81-88513-07-5, pp 179 � 184.

16. Koleva E,
Standards for the production practice of EBW (and related processes),
Proc Indo-Bulgarian Workshop on Electron Beam Technology and Applications, Mumbai,
India, 2004, Das AK, Kandaswamy E, Mascarenhas M (Eds), Ebenezer Printing House,
2004, ISBN No 81-88513-07-5, pp 333-340.

17. Vutova K, Koleva E, Tanaka T, Takagi T, Mladenov G,
Ion modification of plastic materials,
Proc Nat Conf Electronics 2004, Sofia, Bulgaria, UEEE Bulgarian Section Publ, ISBN 954-
90209-3-2, 2004, pp 93-101.

18. Henschel W, Wahlbrink T, Georgiev YM, Lemme M, Mollenhauer T, Vratzov B, Fuchs
A, Kurz H, Kittler M, Schwierz F,
Electrical characterization of 12 nm EJ-MOSFETs on SOI,
Solid State Electronics 2004;48:739-745.
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19. Idehara T, Ogawa I, Mitsudo S, Iwata Y, Watanabe S, Itakura Y, Ohashi K, Kobayashi H,
Yokoyama T, Zapevalov VE, Glyavin MY, Kuftin AN, Malygin OV, Sabchevski SP,
A high harmonic gyrotron with an axis-encircling electron beam and a permanent magnet,
IEEE Trans Plasma Sci 2004;32/3:903-909.

20. Tatsukawa T, Doi A, Teranaka M, Idehara T, Kanemaki T, Ogawa I, Sabchevski SP,
Submillimeter wave irradiation on living bodies using catheter waveguide vent antennae with
dielectric rod and sheet,
Nanoscale Magnetic Oxides and Bio-World, Nedkov I, Tailhades P (Eds), Heron Press Ltd.,
Sofia, Bulgaria, 2004:123-138.

21. Idehara T, Ogawa I, Mitsudo S, Watanabe S, Sato N, Ohashi K, Kobayashi H, Yokoyama
T, Zapevalov V, Glyavin M, Kuftin A, Malygin O, Sabchevski S,
A high harmonic gyrotron and gyro-peniotron with an axis-encircling electron beam and
permanent magnet,
Proc VDE Conf Displays and Vacuum Electronics, Garmish-Partenkirchen, Germany, May
2004, pp. 51-54.

22. Idehara T, Ogawa I, Iwata Y, Kanemaki T, Ohashi K, Kobayashi H, Yokoyama T,
Glyavin M, Sabchevski S,
Development of a large orbit gyrotron (LOG),
Proc Int Symp Microwave Sci and its Appl to Related Fields, Takamatsu, Japan, July 2004,
pp. 489-492.

ONGOING RESEARCH PROJECTS:

Financed by NATO Science for Peace Program

SubHTS, SfP973718, Damage free sub-micron structures of high temperature
superconducting thin films.

Financed by the National Council for Scientific Research

MM-1004: Computer simulation of the signal in surface analysis.

COLLABORATIONS:

Computer simulation of the processes of electron, ion and X ray irradiation of electron
materials,
Department of Electronics and Photonic Systems Engineering, Hiroshima Institute of
Technology, Japan.

Analysis and optimization of electron guns for compact shower device and submillimeter
wave gyrotrons,
Department of Applied Physics, Faculty of Engineering and Research Center for
Development of Far-Infrared Region, Fukui University, Japan.(1.01.04- 31.04.04)

High power electron beam gun for melting; Characterization of powerful electron beams.
NFC, Hyderabad, India; BARC, Mumbai, India.
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LECTURE COURSES:

Electron beam technologies - Theory and applications of beams of charged particles as
radiation and thermal source in materials modification: electron and ion lithography; electron
beam melting and welding,
European school for advanced studies: Application of ionising radiation in material studies,
University of Pavia, Italy.

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

Electron beam welding - equipment and technology,
Technical University of Sofia, Sofia, Bulgaria.

GUESTS:

Dr. Baligidad - NMRL-Hyderabat, India - 14.04-19.04.2004.
Dr. Satia-Prasad - NMRL-Hyderabat, India - 14.04-19.04.2004.
Prof. Dr C. Ganguli, NFC-Hyderabat, India - 12.5-17.5.2004.
Dr. T. Sanyal - NFC-Hyderabat, India - 19.09-22.09.2004.
Dr. Mirdji - NFC-Hyderabat, India 19.09.-22.09.2004.
Dr. Ioannis Raptis - IMEL-NSRC �Democritos� GREeCE - 8.12-10.12.2004.
Dr.Panagiotis Argitis - IMEL-NSRC �Democritos� GREeCE - 8-10.12.2004.
Prof. Dr. Michael Lancaster � Birghinham, UK - 9.12-10.12.2004

LABORATORY FELLOWS VISITS:

Long term visits:

Assoc. Prof. S. Sabchevski - University - Fukui, Japan - 1.10-31.12.2004.
Dr. Y. Georgiev - University of Aachen, AMO Ltd, Germany - 01.01-1.10.2004.

Short term visits:

Prof. G. Mladenov - Pavia, Italy, 03-08.07.2004.
Assoc. Prof. K. Vutova and E. Koleva - 30th Intern. Conf. on Micro- and Nano- engineering,
Roterdam, The Netherlands, 18-24.09.2004.
Prof. G. Mladenov, Halle, Germany - Opening ceremony of innovation center and workshop
on assembling technologies - 20-26.11.2004.
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LABORATORY

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

TOTAL STAFF: 9

RESEARCH SCIENTIST: 6
Assoc. Prof. T.C. Nurgaliev, Ph.D.; S.I. Miteva, Ph.D.; E.S. Mateev, Ph.D.; L.I. Neshkov;
R.V. Todorovska; B.S. Blagoev.

RESEARCH ACTIVITIES:

High temperature superconducting
(HTS) thin films of YBa2Cu3O7-x (YBCO)
material were prepared on miscut NdGaO3
substrates the surface plane of which is
tilted from small-index crystallographic
planes [1,2]. The films grown on
substrates with the tilt angle 1.5°-3°
demonstrated less surface roughness and
improved electrical parameters (critical
temperature, critical current density and
microwave surface resistance) [1]. Such an
improvement was shown to be due to the
regular surface morphology of the tilted
substrates, which leads to the improvement
of the film growth conditions.

Double layer structures, containing
thin films of HTS YBCO and magnetic
manganite La0.7Sr0.3MnO3 (LSMO)
materials, were prepared on LaAlO3
substrates by magnetron sputtering. The
structures of both types (YBCO/LSMO
and LSMO/YBCO) were characterised by
good crystallographic and electrical
parameters and nearly perfect interface
between the layers [3,4]. Possibilities of
using spray pyrolysis for preparing thin
films of CeO2, Y2O3, YSZ [5,6], LaMnO3
and La1-xCaxMnO3 were investigated as
well.

The RCL-model was modified to
describe more accurately the microwave
characteristics of the structures containing
HTS and magnetic components. For this
purpose, the microwave losses related to
excitation of spin waves in the ferrite were
taken into account in the model [7]. It was
shown that such microwave losses lead to
a modification of the transmission

characteristics of the structure and to an
irregularity of the transmission
characteristics in dependence on the
external field strength.

The magnetic tunability of the
frequency of YBCO microstrip and
coplanar resonators of several types with a
YIG component was investigated [8]. It
was shown that such resonators could be
used as tunable elements in microwave
electronics.

The possibilities of using HTS films to
create a bolometric sensor based on the
measurement of the third (or higher)
harmonics of the current induced in the
films were investigated and the
temperature dependence of the sensitivity
was measured for such a sensor.

The possibilities of applying dielectric
resonators to measure the surface
resistance of arbitraryly shaped HTS films,
placed inside a metallic cavity, were
investigated. The microwave losses caused
by the field perturbation effect were
analysed. It was shown that for high
quality HTS films the measurement errors
could exceed the real surface resistance if
the resonator configuration and the sample
position are not optimised a priori [9].
Measurement schemes for the
minimization of these errors were
proposed.

The systems for contactless
measurement of the critical temperature
and the critical current density of HTS
films were computerized. They allow
carrying out the measurement procedures
with minimum participation of an
operator.
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PUBLICATIONS:

1. Nurgaliev T, Mateev E, Donchev T, Miteva S, Mozhaev PB, Boricenko IV, Ovsyannikov
GA, Kotelyanski IM,
Deposition and characterization of HTS YBCO thin films on tilted NdGaO3 substrates,
Vacuum 2004;76:245-248.

2. Mozhaev PB, Mozhaeva JE, Bdikin IK, Donchev T, Mateev E, Nurgaliev T, Jacobsen CS,
Hansen JB, Zhgoon SA, Barinov AE,
Tilted-axes YBCO thin films: from vicinal range to step bunching,
Proc SPIE, 2004;5401:597-604.

3. Donchev T, Tsaneva V, Barber ZH, Nurgaliev T, Gravier L, Ansermet JPh, Petrov I,
Petrova V, 
Magnetic and electric properties of magnetron-sputtered YBCO/LSMO and LSMO/YBCO
double layers,
Vacuum 2004;76:261-264.

4. Donchev T, Tsaneva VN, Mateev E, Blagoev B, Nurgaliev T, Barber ZH,
Raman spectroscopy of YBCO/LSMO double layer structures,
Nanoscience & nanotechnology, E. Balabanova, I. Dragieva (Eds), Heron Press, Sofia,
2004;4:172-175.

5. Todorovsky D, Petrova N, Getsova M, Todorovska R, Manolov L, Groudeva−Zotova St,
On the chemistry of the Pechini process in cerium containing systems,
Key Engineering Materials, 2004;264−268:359−363.

6. Petrova N, Todorovsky D, Todorovska R, Shopova D,
Yttium-zirconium citric complexes as starting material for preparation of YSZ powders and
layers,
Key Engineering Materials, 2004;264−268:427−430.

7. Nurgaliev T, Miteva S, Stevens C, Edwards D,
Simplified description of the characteristics of microstrip resonators with a ferrite component,
Proc XV Int Conf on Microwaves, Radar and Wireless Communications MIKON'2004,
Poland, Warsaw, May 17-19, 2004;1:174-177.

8. Miteva S, Nurgaliev T, Donchev T, Stevens C, Edwards D,
Investigation of the transmission characteristics of clamped together HTS-ferrite layers,
Journal of magnetism and magnetic materials, 2004; 272-276/S1:E1631-E1633.

9. Nurgaliev T, Cohen LF, Purnell A, HaO L, Gallop J,
Surface resistance measurements of HTS films placed inside a cavity with a puck resonator,
Physica C, 2004;403:276-282.

10. Mateev E, Donchev T, Blagoev B, Nurgaliev T, Tsaneva V, Barber ZH,
Deposition of YBa2Cu3O7-x superconducting films by magnetron sputtering and water vapour
addition to sputtering gaz,
Vacuum 2004;76:241-244.
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11. Tsaneva VN, Vickers ME, Blamire MG, Barber ZH, Evetts JE, Popov Tsv, Donchev TI,
Martev IN, Tihov MS, Ariosa D,
Diagnostics of sputtering plasma variations affecting Y-Ba-Cu-O thin film growth and
properties,
Superconductor Science and Technology, 2004;17:S465-S472.

12. Tsaneva VN, Donchev T, Popov Tsv, Durrell JH, Blamire MG, Barber ZH, Evetts JE,
Optical emission studies of the plasma during high-pressure sputtering of Y-Ba-Cu-O targets,
Vacuum 2004;76:257-260.

13. Vlakhov ES, Nenkov KA, Donchev TI, Mateev ES, Chakalov RA,
Ferromagnetic and charge ordering competition in strained thin films of La1-xCaxMnO3
system,
Vacuum 2004;76:249-252.

14. Pencheva V, Penchev S, Naboko V, Naboko S, Donchev T,
Application of modulated optical reflectance method for high-temperature superconducting
film characterization,
Vacuum 2004;76:253-256.

15. Olziersky A, Vutova K, Mladenov G, Raptis I, Donchev T,
Electron beam lithography simulation on superconducting substrates,
Superconductor Science and Technology, 2004;17:881-890.

16. Nurgaliev T, Donchev T,
Superconducting spiral coils for radiophysics application,
Proc Nat Conf Electronics 2004, Sofia, Bulgaria, 2004:124-127.

17. Nurgaliev T, Miteva S, Donchev S, Stevens C, Edwards D,
Magnetically tunable superconducting resonators for microwave application,
Proc Nat Conf Electronics 2004, Sofia, Bulgaria, 2004:120-123.

18. Bakardjieva V, Vitanov PK, Mateev E, Minchev MA,
Reactive ion etching of SixNy and Si with freon-N2-O2 mixture,
Nanoscience & nanotechnology, E. Balabanova, I. Dragieva (Eds), Heron Press, Sofia,
2004;4:198-2004.

19. Dimitrov Sl, Todorovska R, Todorov G,
Influence of the laser-assisted chemical bleaching on the enamel of extracted human teeth �
SEM analyses,
Problems of Stomatology, 2004; ХХХ: 93−98 (In Bulgarian).

20. Gier Ãlowski P, Szewczyk A, Abal'oshev AV, Vlakhov ES, Donchev TI, Blagoev B,
La0:7Sr0:3MnO3 Thin-Film Grain-Boundary Junctions on a Bi-Crystal Substrate,
Acta Physica Polonica A 2004;106/5:715-719.

21. Todorovska R, Petrova N, Todorovsky D, Apostolov A,
Spray pyrolysis of CdSe films,
Proc Plovdiv University, Bulgaria 2004:52-56.
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ONGOING RESEARCH PROJECTS:

Financed by the National Science Fund

F-909 Theoretical and experimental investigation of microwave characteristics of HTS thin
film structures with ferrite components.

X-1210 Spray-pyrolysis deposition of thin-film nanocomposites of semiconductor in yttria-
stabilized zirconia ceramics for sensing devices.

Financed by the Medical University, Sofia

Laser stimulated bleaching of teeth.

Financed by EU Science Program

INTAS-2001-0249 Metal-oxide thin film heterostructures on tilted-axes substrates.

Financed by NATO Science for Peace Program

SfP973718 Damage free submicron structures of high temperature superconductor thin films.

SfP977986 Fabrication and properties of porous electro and photo-catalytic films.

COLLABORATIONS:

Electromagnetic characteristic of thin layered structures HTS/metal and HTS/magnetic
prepared on conventional and unconventional substrates,
Institute of Radio Engineering and Electronics, Russian Academy of Sciences, Moscow,
Russia.

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

LABORATORY VISITS:

1. Dr. T. Nurgaliev, Institute of Radio Engineering and Electronics, RAS, Moscow, Russia,
Project �Electromagnetic characteristic of thin layered structures HTS/metal and
HTS/magnetic prepared on conventional and unconventional substrates�, 14 days.

2. Dr. E. Mateev, Institute of Electrical Engineering, Slovak Academy of Sciences,
Bratislava, Slovak republic, Project �Sandwich structures based on cuprates, dielectrics and
manganites: physical properties and application possibilities�, 14 days.
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LABORATORY

GAS LASERS AND LASER TECHNOLOGIES
HEAD: Prof. P.A. Atanasov, Dr.Sc.

TOTAL STAFF: 14

RESEARCH SCIENTISTS: 13
R.I. Tomov, Ph.D.; M.E. Koleva, Ph.D.; V.S. Serbezov, Ph.D.; S.D. Donchev Ph.D., T.R.
Stoyanchov; N.N. Nedialkov; S.E. Imamova; T.J. Stanimirova; E.L. Pavlov; A.O. Dikovska;
G.I. Furlinski; N.E. Stankova; I.G. Dimitrov.

RESEARCH ACTIVITES:

1. Pulsed laser deposition of thin films

Textured (110)Nd:KGW optical
waveguides were grown on CeO2/Si
substrates by pulsed laser deposition. A
ceria buffer layer was first prepared on
(100)Si substrates by KrF excimer laser
ablation of a Ce0.9Gd0.1O2 ceramic target.
It was found that the (100) or (111)
orientation of CeO2 depended on the
deposition conditions. The Nd:KGW films
were prepared by ablation of K-rich
ceramic targets in O2 or Ar. The influence
was studied of the synthesis conditions (O2
or Ar pressure and substrate temperature)
and the orientation of the CeO2 buffer
layer on the crystallinity of the Nd:KGW
films. The best results were obtained when
depositing the Nd:KGW films on
(100)CeO2/(100)Si. The as-grown films
were optically active. The crystallinity
improved and the intensity of the emission
spectra increased upon annealing at 700 oC
in air. The emission spectra of the
Nd:KGW films were registered for the
main Nd transitions in the 0.85 � 1.45 µm
spectral range. Waveguide loss as low as
3.3 dB.cm-1 was measured.

Thin Er3+,Yb3+ co-doped Y2O3 films
were grown on (001) SiO2 substrates from
ceramic targets using pulsed laser
deposition. The influence was investigated
of the active ion concentration and
processing parameters on the structure,
cathodoluminescent (CL) spectra and
optical properties of the films. The films

were prepared in oxygen atmosphere at
pressures of 0.01 and 0.1 mbar and at
substrate temperature of 500 oC. Blue,
green and red light emissions centered at
408 nm, 562 nm and 660 nm, respectively,
and infrared (IR) spectra centered at
1.54 µm were registered. The intensities of
the CL peaks strongly depended on the Er
and Yb ion concentrations in the films and
on their ratio. An increase in the Yb
content at a fixed Er concentration led to a
decrease in the CL intensity in the visible
range. It is higher for the films deposited
at 0.1 mbar, which correlates with the
better crystallinity obtained. The films
prepared at 0.01 mbar, despite their worse
crystallinity, had slightly higher optical
transmission in the visible and near-IR
range, which we relate to the smoother
surface and lower absorption measured.

Highly textured thin (001) tungsten
trioxide (WO3) films were deposited on
(001) SiO2 substrates by XeCl excimer
laser ablation of ceramic targets. The
influence was studied of the oxygen
pressure and substrate temperature on the
composition, crystallinity, and optical
properties of the films. The films were
grown at pressures of 1 to 25 Pa and
substrate temperatures from room
temperature up to 670 oC. The best
crystallinity was obtained for the films
grown at 10 Pa and 500 °C as confirmed
by XRD analyses and Raman
spectroscopy. Optical transmission as high
as 83 % was measured in the visible and
near-infrared spectral regions. The
ordinary index of refraction at wavelength
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of 633 nm increased with the growth
temperature and reached 1.97 at the
optimum growth conditions.

Thin indium oxide (In2O3) films were
grown on (001) SiO2 by pulsed laser
deposition at oxygen pressures from 1 to
20 Pa and substrate temperature from 100
to 400 oC with indium oxide ceramics
targets. The structural and optical
properties of the films were investigated as
a function of the conditions of growth �
oxygen pressure and substrate temperature.
Polycrystalline In2O3 films with
preferential (111) orientation were
produced at oxygen pressure higher than
5 Pa and temperature 300 oC. The Raman
spectra registered confirmed the cubic
structure of the films, which had
transparency between 85% and 90% in the
400-2400 nm spectral range. The lowest
optical waveguide loss measured was
9 dB/cm for the films grown at the
optimum conditions - P(O2) = 10 Pa and
Ts = 300 oC. No post-deposition annealing
was applied.

2. Interaction of laser radiation with
matter and laser technologies

Laser ablation of iron was investigated
both experimentally and theoretically. The
experiments were performed using a
Ti:sapphire laser with pulse duration
τp = 0.1 ps. The ablation rate and the
surface structures were determined.
Different regimes of the process at low and
high laser fluences were observed. At
fluences above several joules per square
centimeter, the ablation was accompanied
by the formation of significant amount of
molten material. Molecular dynamics
simulation technique was used to describe
the process. Different mechanisms of
material ejection were observed. The role
of the electron heat diffusion in the process
of dissipation of the energy was also
estimated. Good agreement was obtained
between the model and experimental
results.

Ablation  of  Fe    by   ultrashort   laser
pulses with duration 0.1, 1, and 5 ps was
investigated experimentally. The laser
fluence was varied from the ablation
threshold up to 100 Jcm−2. Above 1 Jcm−2,
the ablation rate depended on the laser
pulse duration, with the shortest pulse
producing the highest value. A change in
the ablation rate as the laser fluence
increased was also observed. These results
were analyzed using molecular dynamics
simulations. We were able to show that the
change in the ablation rate is connected to
an overheating of the material above the
critical point, which results in a steep rise
of the pressure developed. Furthermore,
due to the electron heat diffusion, the
overheated volume increases and involves
material located deeper than the skin
depth. An increase in the pulse duration
results in a decrease in the degree of
overheating.

A molecular dynamics model was
applied to study the formation and the
early stages of ejection of material in ultra-
short laser ablation of metals in vacuum.
Simulations of the ablation process for
iron at pulse duration of 0.1 ps and at
different laser fluences were performed.
Different features of the ejection
mechanism were observed below, near,
and above the ablation threshold. The
latter was estimated at approximately
0.1 J/cm2. The structure of the ablated
material was found to depend on the
applied laser fluence. The expanded plume
consisted mainly of large clusters at
fluences near to the threshold. With the
increase of the laser fluence, the number of
the large clusters present decreased. Clear
spatial segregation of species with
different sizes was observed in the
direction normal to the surface several tens
of picoseconds after the laser pulse onset.
The angular distribution of the ejected
material was estimated for different
regimes of material removal. Above the
ablation threshold the distribution was
forward peaking.
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PUBLICATIONS:

1. Atanasov PA, Okato T, Tomov RI, Obara M,
(110) Nd:KGW waveguide films grown on Si/CeO2 substrates by pulsed laser deposition,
Thin Solid Films 2004;453-454:150-153.

2. Nedialkov NN, Imamova SE, Atanasov PA, Heusel G, Breitling D, Ruf A, Hügel H,
Dausinger F, Berger P,
Laser ablation of iron by ultrashort pulses,
Thin Solid Films 2004;453-454: 496-500.

3. Nedialkov NN, Imamova SE, Atanasov PA,
Ablation of metals by ultrashort laser pulses,
J Phys D: ApplPhys 2004;37:638-643.

4. Nedialkov NN, Atanasov PA, Imamova SE, Ruf A, Berger P, Dausinger F,
Dynamics of the ejected material during ultrashort laser ablation of metals,
Appl Phys A: Mater Sci & Proc 2004;79/4-6:1121-1125.

5. Dikovska AO, Okato T, Atanasov PA, Obara M,
Cathodoluminscent properties of pulsed laser deposited Er, Yb co-doped Y2O3 thin films,
J Phys D: Appl Phys 2004;37:L41-L44.

6. Nedialkov NN, Atanasov PA, Sawczak M, Sliwinski G,
Ablation of ceramics with ultraviolet, visible and infrared nanosecond laser pulses,
Proc SPIE 2004;5120:703-708.

7. Imamova SE, Atanasov PA, Nedialkov NN,
Molecular dynamics simulation using pair and many body interatomic potentials: ultrashort
laser ablation of Fe,
Nucl Instr Meth Phys Res B 2004;227/4: 490-498.

8. Okato T, Osada T, Obara M, Atanasov PA, Tomov RI,
Fabrication of low-loss Nd:KGW laser waveguide on silicon substrate,
Proc SPIE 2004;5448/1 616-623.

9. Imamova SE, Nedialkov NN, Atanasov PA, Ruf A, Berger P, Dausinger F,
Ultra-short laser ablation of iron: molecular dynamics simulation,
Proc SPIE 2004;5226:347-351.

10. Stankova NE, Tonchev SH, Gyorgy E, Socol G, Mihailescu IN,
LiNbO3 thin films grown on MgO (100) substrates by pulsed laser deposition,
Proc SPIE 2004;5581:498-502.

11. Atanasov PA, Nedialkov NN, Imamova SE,
Laser ablation of metals by ultrashort pulses,
in Fundamentals of Ablation with Short Pulsed Solid State Lasers, Proc Int Workshop
2004:10-20.
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12. Nedialkov NN, Imamova SE, Atanasov PA,
Laser ablation of Fe by ultrashort pulses: recent MD simulation results,
in Fundamentals of Ablation with Short Pulsed Solid State Lasers, Proc Int Workshop
2004:21-28.

13. Majoros M, Campbell AM, Glowacki BA, Tomov RI,
Numerical modelling of heating and current-sharing effects on I-V curves of YBa2Cu3O7 and
MgB2 conductors,
Physica C-Superconductivity and its Appl 2004;401:140-145.

14. Pang BSH, Tomov RI, Blamire MG,
LaxA1-xMnO3 (A=Sr, Ca)/YBa2Cu3O7-delta superlattices deposited by the eclipse pulsed
laser deposition technique,
Superconductor Sci & Techol 2004,17:624-629.

15. Kursumovic A, Huhne R, Tomov R, Holzapfel B, Glowacki BA, Evetts JE,
Nucleation controlled surface oxidation epitaxy of thermally grown NiO on (001)Ni for
coated conductor applications assisted by Mo or Mn microalloying,
Physica C-Superconductivity and its Appl 2004;405:219-226.

16. Pang BSH, Tomov RI, Blamire MG,
Laser ablation deposition of LaxA1-xMnO3 (M=Sr,Ca)/ YBa2Cu3O7-delta superlattices,
Appl Phys A: Mater Sci & Proc 2004;79:1219-1224.

17. Stankova NE, Tonchev SH, Gyorgy E, Socol G, Mihailescu I,
Pulsed laser deposition of LiNbO3 thin films from Li-rich targets,
J Optoelectronics and Advanced Materials 2004;6/4:1345-1349.

ONGOING RESEARCH PROJECTS:

Financed by the National Science Fund

F�1104/01 Pulsed laser deposition of thin oxide films for application in telecommunications.
F�1209/02 Laser ablation of metals by ultrashort laser pulses.

Financed by other funds

IST-2001-39112 Project, NANOPHOS, Nanostructured Photonic Sensors, 5th FP, EU.
BMBF Project No13N77 10/6 PRIMUS, Molecular dynamical simulations of ultrashort laser
ablation of solids, Germany.

COLLABORATIONS:

Etude des processus d�ablation laser au cours de la deposition de couches minces pour des
applications dans le domaine de l�optique
CNRS, Universités Paris VI et Paris VII, Paris, France.

Ultrashort laser ablation of metals,
Coherentia-INFM, Istituto Nazionale per la Fisica della Materia, Naples, Italy.
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Rare-earth doped thin sesquioxides films for optical application,
Institute de Optica, CSIC, Madrid, Spain.

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:

Laser ablation of metals by ultrashort laser pulses,
Coherentia-INFM, Istituto Nazionale per la Fisica della Materia, Naples, Italy.

Interaction of intense laser radiation with matter: computer simulations of some special
applications examples,
Coherentia-INFM, Istituto Nazionale per la Fisica della Materia, Naples, Italy.

Laser ablation of metals by ultrashort laser pulses,
Institute de Optica, CSIC, Madrid, Spain.

GUESTS:

Dr. S. Amoruso, Coherentia-INFM, Istituto Nazionale per la Fisica della Materia, Naples,
Italy, 1 week, work on the common project �Ultrashort laser ablation of metals�.

Mr. M. Vitiello, Coherentia-INFM, Istituto Nazionale per la Fisica della Materia, Naples,
Italy, 2 weeks, work on the common project �Ultrashort laser ablation of metals�.

Prof. Dr. M. Jelinek, Institute of Physics, Czech Academy of Sciences, Prague, Czech
Republic, 1 week, work on the common project �Pulsed laser deposition of planar
waveguides�.

Mr. M. Pavelka, Institute of Physics, Czech Academy of Sciences, Prague, Czech Republic, 2
weeks, work on the common project �Pulsed laser deposition of planar waveguides�.

Prof. Dr. M. Obara, Keio University, Yokohama, Japan, 2 days, invited for lecturing.

Mr. T. Okato, Keio University, Yokohama, Japan, 2 days, visitor.

Mr. S. Grigorescu, Institute of Lasers, Plasma and Radiation Physics, Romanian Academy of
Sciences, Bucharest, Romania, 2 weeks, work on the common project �Pulsed laser
deposition of planar waveguides�.

Prof. Dr. A. Serafetinides, National Technical University, Athens, Greece, 1 week, work on
the project �Interaction of laser radiation with matter�.

Dr. M. Makropoulu, National Technical University, Athens, Greece, 1 week, work on the
project �Interaction of laser radiation with matter�.
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Dr. M. Sawczak, Institute of Fluid-Flow Machines, Polish Academy of Sciences, Gdansk,
Poland, 1 week, work on the common project �Interaction of intense laser radiation with
matter and laser technologies�.

Mrs. M. Jankowska, Institute of Fluid-Flow Machines, Polish Academy of Sciences, Gdansk,
Poland, 1 week, work on the common project �Interaction of intense laser radiation with
matter and laser technologies�.

LABORATORY VISITS:

Prof. Dr.Sc. P.A. Atanasov, CNRS, Universités Paris VI et Paris VII, Paris, France.

Mrs. A.Og. Dikovska, CNRS, Universités Paris VI et Paris VII, Paris, France.

Prof. Dr.Sc. P.A. Atanasov, IFSW, Stuttgart University, Stuttgart, Germany.

Mr. N.N. Nedialkov, IFSW, Stuttgart University, Stuttgart, Germany.

Prof. Dr.Sc. P.A. Atanasov, Coherentia-INFM, Istituto Nazionale per la Fisica della Materia,
Naples, Italy.

Prof. Dr.Sc. P.A. Atanasov, Institute de Optica, CSIC, Madrid, Spain.

Dr. S.D. Donchev, Institute of Lasers, Plasma and Radiation Physics, Romanian Academy of
Sciences, Bucharest, Romania.

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

Mr. N.N. Nedialkov, Institute of Fluid-Flow Machines, Polish Academy of Sciences, Gdansk,
Poland.
Mrs. T.J. Stanimirova, Institute of Physics, Czech Academy of Sciences, Prague, Czech
Republic.
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LABORATORY

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

TOTAL STAFF: 9

RESEARCH SCIENTISTS: 7
Prof. M.N. Nenchev, Dr.Sc.; Assoc. Prof. L.A. Avramov, Ph.D.; D.G. Slavov, Ph.D.; A.I.
Gisbrecht; E.G. Borisova; A.T. Daskalova-Shivarova; Z.S. Jordanova; D.S. Petkov; D.I.
Hristov.
Ph.D. students: L.P. Petrov; D.H. Dobrikov

RESEARCH ACTIVITIES:

1. Tunable lasers and amplification of
information laser radiation.

1.1. Part of the new results concern our
work on the development of a novel
technique, proposed earlier by us, for high
factor amplification (~ 106 - 108) of weak
(micro- and nanowatt) laser radiation
periodically modulated with information
signals. The underlying principle is based
on the use of laser injection-locking
control by the amplified signal under the
conditions of second competitive injection.
The latter allows one to obtain linearity of
the amplification. Different schemes of
realization were proposed and
investigated. It was shown that the
amplification of a sequence of rectangular
information pulses (~ 0.1 - 0.4 GHz) is
possible and the contrast is greater than
1/100. A theoretical model was developed
and applied, based on the example of
homogeneously broadened active laser
medium pumped by a mode-locked
Nd:YAG laser. Optimization of the
technique was also carried out.

1.2. We continued our efforts aimed at
developing new and efficient designs of
non-traditional tunable lasers. A novel
approach for real simultaneous generation
at two independently tunable wavelengths
was proposed and investigated in the case
of nanosecond laser operation. We showed
that introducing the active mirror concept
is a promising way to solve the problem

posed. A theoretical model for such
operation in a homogeneously broadened
active medium was proposed and used in
numerical analysis aimed at optimization.
Substantial of the laser parameters was
achieved.

The cycle of studies was completed on
the two-wavelength Yb-doped crystal
lasers proposed and implemented by us
(diode pumped, Yb:YAG, Yb:GGG,
tuning range 1.02-1.04 µm., total output
power ~ 0.5 W). Lasing was achieved in
highly efficient original two-channel
resonators that allowed independent tuning
of each wavelength. Multi-mode and
single-mode operation was obtained for
each selected wavelength. The usefulness
of such type of operation and its
advantages in comparison with the use of
two separate tunable lasers, especially for
cw diode pumped operation, was proved.

1.3. A simple all optical arrangement
was implemented experimentally for
producing pulsed narrow-line
semiconductor laser emission, spectrally
fixed at the wavelength of reference - an
atomic absorption line. The computer
simulations performed were in accordance
with the experiment. The arrangement for
producing the locking is based on the
modified Michelson interferometer.

2. Magnetic resonances in a strong laser
field and possible applications

2.1. Laboratory magnetic fields, due to
Earth magnetism or other sources, are well
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known to influence the anticipated
interference signals. The modifications of
the signals will be the smallest if the
direction of the laboratory field coincides
with that of the scanned experimental field
- then only a shift of the registered curve
on the magnetic field scale will be
observed. In all other cases the vector sum
of the laboratory and controlled in the
experiment magnetic field will distort the
shape or change the amplitude of the
registered signal. These distortions could
be different for each type experiment even
if we suppose perfect experimental
geometry. Because of the non-predictable
properties of such fields, they are
reasonably considered as parasitic.

The theoretical and experimental
investigations of the coherent resonances
in an atomic ensemble under the influence
of a laser field and an arbitrary oriented
magnetic field were continued. The
mathematical model and calculation
procedure for description of such atomic
system were further developed and
specified.

The exact solution of the basic set of
equations was obtained for different
transitions between a ground state with
Fϕ = 1, 2 and an excited state with Ff = 0
and/or 1. The solutions for the tensor
components kf0 , describing the population
( 0

0f ) and longitudinal alignment ( 2
0f ) of

the upper level f, were obtained and the
dependences of the resonances on the
different parameters and stray magnetic
fields were analysed. The model
calculations carried out showed that, for
the geometry chosen, the longitudinal
alignment of the ground state plays a
determining role in the formation of the
CPT resonance amplitude and that an
increase of the parasitic/stray magnetic
field parallel to E results in a change of the
optical coherency (ξк0 к = 1, 3), which
leads to an enhancement of the population
(f0

0). This is definitely a nonlinear effect. 
The level populations obtained f0

0 for
non-polarized fluorescence light detected

perpendicularly to the laser beam direction
are proportional to the fluorescence
amplitudes. The comparison of the
theoretically obtained population
dependencies on stray magnetic fields with
the experimental results showed a good
qualitative agreement. There is a slight
difference in the dependence of the
amplitude/contrast for the parallel
magnetic field � the experimental
saturation is at 6Γϕ and the calculated is at
about 10Γϕ . The broadening of the CPT
resonances measured is in good qualitative
agreement with the calculated value � the
slope of the dependencies of the width on
B⊥ is the same, as is the nonlinearity at
weak magnetic fields. Again, there is a
difference in the broadening of the CPT
signals in B║. It must be emphasized that
this model is rather qualitative, because
some specific parameters of the
experiment were not taken into account
(for example, the velocity distribution of
the atoms in the case of a vacuum cell).

2.2 Hanle absorption resonances were
studied in a NO2 cell irradiated by a single
mode Ar+ laser at room temperature. The
method used is based on measuring the
changes of the polarization of a laser beam
passing through the NO2 cell placed in a
transverse magnetic field. The resonant
changes in the absorption signal measured
that occur in the magnetic field can be
explained as destruction of the alignment
of the absorbing rotational state(s),
belonging to the ground state (0,0,0)
X~ 2А1. The observed signal is described as
a sum taken over all F�u and F�g values, for
the chosen N�,J� → N�,J� transition. The
numerical calculations showed that,
despite the contributions of terms with
different signs, the total signal for all
examined cases preserves its sign, the
determining role being played by the most
intensive hf components. This confirms of
Chaika�s hypothesis for creation of NO2
ground state levels (self) alignment, while
an estimate is obtained of the effective
life-time for coherences τ (2). This work is
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a result of our common investigations on
laser-induced coherency in gas-
environments carried out with the
Coherent Optics Laboratory of the
Institute of Physics of Sankt-Peterburg,
Russia. The collaboration will continue in
accordance with the Joint Project.

2.3. With the participation of some of
the laboratory�s staff, changes in the
Earth�s magnetic field value were
measured using the laboratory
experimental CPT magnetometer
developed under the project �New
Magnetometer� of the 5-th European
Framework Program. The measurements
performed are in very good correlation
with those published by the specialized
geomagnetic observatories equipped with
magnetometers working on a different
principle. Our experimental set-up is also
able to follow faster changes of the
Earth�s/laboratory�s magnetic field. The
comparison between the results obtained
with our experimental set-up with those of
the geomagnetic observatories allowed us
to conclude that the CPT-magnetometer
developed covers the needs for
geophysical studies � accuracy better than
or equal to 0.5 nT, resolution of 1 nT. The
experimental set-up also shows real
potential for application in the archeology
for recording magnetic maps of the
surface. Preliminary tests showed that a
10 g iron coin with diameter 27 mm could
be detected from up to 35 cm, with the
threshold value of the magnetic field
change measured being 40 nT. The
experimental setup show is promising for
improvement not only in the fields of
applications mentioned above but also for
biomedical applications.

3. Laser medical and bio-medical
research and applications
3.1. Photophysical models of the dynamics
of growth and reversion of teeth lesions

Spectral properties of different stages
of carious lesions were investigated using
laser-induced fluorescence spectroscopy of

biological tissues. Photophysical models
of the growth and regression dynamics of
the caries were developed to obtain
differentiated information on the sources
of spectral changes in naturally obtained
lesions.

Healthy enamel surfaces were used to
develop a model of the demineralization of
human teeth treated by 35% solution of
phosphorous acid for different treatment
times.

Initial carious lesions in vitro were
grown using carious bacterial flora. Their
fluorescence spectra using excitation at
337 nm were recorded for three months
during the lesion growth.

A model of caries reversion was also
developed. The goal of this experiment
was to describe the influence of the
environment on the carious lesion
chromophores and their fluorescence
spectra. Carious lesions with deep
cavitations were processed by surface-
active agents and fluorescence spectra
during the procedure (four weeks) were
obtained every week.

From the point of view of their
fluorescence properties, human carious
lesions can be described as a combination
of two processes:

- Destruction � the wave-guide
structure of the tooth enamel is demolished
� the penetration depth of the excitation
light and the fluorescence signal decrease.
The fluorescence spectra of the
demineralized area are similar to those of
the dentine layer in an advanced stage of
the growth of the lesions.

- Accumulation of the carious bacterial
flora � increase of the porphyrins
concentration (chromophores strongly
absorbing in the blue spectral region 380-
440 nm and fluorescing in the region
above 550 nm).

The photophysical models developed
contribute to the better understanding of
the fluorescence changes dynamics and for
identification of the sources of these
spectral changes according to the carious
lesions pathogenesis. Multispectral
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algorithms for detection of initial stages of
caries and differentiation between caries
and non-carious lesions were developed.
The support-vector machine method was
applied for the first time for analysis of the
spectral data from hard human tissues.

Furthermore, we report investigations
on the measurement of He-Ne laser light
penetration in dental configurations.
Illumination of the pulp chamber was
carried out and the light transmission and
spatial distribution were measured. The
results can be employed in the clinical
practice for determining the dose in the
treatment of periodontal diseases.

3.2. New family of photosensitizers for
photodiagnosis and photodynamic therapy 

Under a cooperation between the
Institute of Electronics and the Institute of
Organic Chemistry of the Bulgarian
Academy of Sciences, we carried out a
series of experiments on studying the
photophysical properties of a family of
newly synthesized photosensitizers for
photodiagnosis and photodynamic therapy
of malignant cutaneous lesions.

The absorption and fluorescence
spectra were obtained in different transport
systems DMF, DMSO, liposomes and
cremophores.

In vitro investigations were carried out
of tumor cells extracted from model
malignant melanoma. The cells were
treated by photosensitizers of third and
fourth generation developed for the special
needs of the skin cancer photodynamic
therapy.

The accumulation dynamics of these
photosensitizers in the tumour models
(mice, tumor � B16 � MM) in vivo were
investigated to assess the applicability of
the photosensitizers studied for
photodiagnosis and photodynamic therapy
of malignant cutaneous tumours.

The applicability was investigated of a
new generation of photoelectron
multipliers, developed under Contract No.
G5RD-CT-2000-00372 of the 5-th FP for

registration of biological luminescence of
the objects described above.

3.3. Laser cartilage reshaping

Cartilage is a specialized tissue, which
serves as a load-bearing structure. When
bent, cartilage exhibits its property of
shape memorization. Laser radiation can
be used to change the cartilage shape by
heating of mechanically deformed
specimens. The high water percentage in
the cartilage, which determines its
mechanical properties, raises the question
of whether the medium in which the
sample is placed influences the process of
relaxation, connected with cartilage water
losses.

Using a Nd:YAG laser (λ = 1.32 µm),
cartilage samples were irradiated in air and
water. The stress relaxation time, the
surface temperature during irradiation and
the time dependence of the backscattered
light intensity (which is indication of
changes in the internal stress) were
compared. The shape retention was
measured by comparing the curvature
before and after irradiation. Overbending
of specimens was performed in order to
achieve the angle required.

The data obtained can be used for
development of clinical methods for
correction or transplantation of injured
human cartilage due to trauma or certain
diseases.

3.4. Haemoglobin photodissociation

We proposed a new approach to
carbon monoxide poisoning treatment
based on laser-induced photodissociation
of the carboxyhemoglobin. Using the
simple model of laser-tissue interaction,
the action spectra of laser radiation on
carboxyhemoglobin of cutaneous blood
vessels were calculated. The results of the
calculations indicate that there is a
relatively narrow spectral range in the
visible region where one could effectively
irradiate carboxyhemoglobin through the
tissue at small distances. In the case of
deeper penetration, the action spectra of
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laser radiation shift toward the longer
wavelength region. Despite the similarity
of the carboxyhemoglobin and
oxyhemoglobin action spectra, the

significant difference in the quantum
yields of photodissociation makes it
possible to develop an effective method of
carbon monoxide poisoning treatment.

PUBLICATIONS:

1. Borisova E, Uzunov T, Avramov L,
Early differentiation between caries and tooth demineralization using laser-induced
autofluorescence spectroscopy,
Lasers Surg Med 2004;34:249-253.

2. Minkovska S, Jeliazkova B, Borisova E, Avramov L, Deligeorgiev T,
Subsistent and solvent effect on the photochromic properties of a series of
spiroindolinophthooxazines,
J Photochem PhotoBiol A: Chemistry 2004;163:121-126.

3. Pavlova P, Borisova E, Naradikyan H, Angelov T,
Temperature dependence of chromaticity in polymer-stabilized cholesteric liquid crystals,
nanoscience & nanostructured materials application and innovation transfer, HERON Press
Science Series, ISBN 954 -580-160-3, 2004;4:220-222.

4. Troyanova P, Borisova E, Avramov L,
Imaging methods in diagnosis of cutaneous tumours
Dermatol Venerol 2004;43:3-9.

5. Avramov L,
Perspectives for application of He-Ne low-level laser therapy in ophthalmology for cornea
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Medical review 2003;39:50-53.

6. Uzunov Tz, Gizbreht A, Nenchev M,
Investigation of He-Ne laser radiation passing through in teeth incisions,
Problems of dentistry 2004;30: 109-112.

7. Dimitrov Sl, Todorovska R, Todorov G,
Impact of laser-assisted chemical whitening on the enamel of extracted human teeth-SEM
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Problems of dentistry 2004;30:93-98.

8. Wallerand J-P, Louyer Y, Himbert M, Deneva M, Nenchev M,
Development of diode-pumped Yb:doped crystal lasers for applications in spectroscopy and
metrology,
Proc SPIE 2004;5449:85-97.

9. Uzunova P, Deneva M, Nenchev M,
Development of pulsed dual-wavelength lasers: improvement of the tuning characteristics
using an active mirror,
Proc SPIE 2004;5449:164-167.
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Study of new laser injection-locking amplifier of rectangular information pulses,
Proc SPIE 2004;5449:168-172.
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Quantum generator using a new output coupler with controlled transmission and reflection,
Proc Int Conf. Electronics-ET�03, Sozopol, Bulgaria, September 2003, 2004;1:54-59.

12. Deneva M, Nenchev M, Barbe R, Keller J-C,
All-optical diode laser arrangement for producing emission spectrally fixed at reference
atomic line,
Proc Int Conf Electronics-ET�03, Sozopol, Bulgaria, September 2003, 2004;1:60-64.

13. Boyadzieva A, Deneva M, Nenchev M,
A novel design of continuously tunable single-mode laser,
Proc Int Conf Electronics-ET�03, Sozopol, Bulgaria, September 2003, 2004;1:79-84.

14. Borisova E, Avramov L, Uzunov T,
Laser-induced fluorescence studies of caries model,
Proc SPIE 2004;5449:235-242.

15. Pavlova P, Borisova E, Avramov L,
Automation of the skin cancer diagnostics on the bases of reflectance spectroscopy,
Proc 9th Conf on Biomed Phys Eng, ISBN 2004;954-91589-1-8:260-265.

16. Slavov D, Andreeva C, Cartaleva S, Affolderbach C, Mileti G,
Long-term stability limits of Doppler and sub-Doppler diode laser stabilization for high
resolution instruments,
Proc 8th EPS Conf on Atomic and Molecular Physics 2004;28F/I:2/133.

17. Slavov D, Petrov L, Andreeva C, Karaulanov T, Todorov G, Cartaleva S,
Coherent resonances in Rb for magnetic field measurement,
Proc 8th EPS Conf on Atomic and Molecular Physics 2004;28F/I:2/134.

18. Petrov L, Andreeva C, Slavov D, Cartaleva S, Varzhapetyan T, Sarkisjan D,
Resonances in Hanle configuration for submicron Cs vapour layer,
Proc 8th EPS Conf on Atomic and Molecular Physics 2004;28F/II:4/87.

19. Varzhapetyan T, Sarkisjan D, Petrov L, Andreeva C, Slavov D, Cartaleva S,
Sub-Doppler resonances in sub-micron Cs vapour cell,
Proc 8th EPS Conf on Atomic and Molecular Physics 2004;28F/II:4/104.

20. Glodz M, Huzandrov A, Magnier S, Petrov L, Sydoryk I, Szonert J, Klavins J, 
Transfer K(7s)-K(5f) induced in thermal collisions with ground state K atoms,
Proc 8th EPS Conf on Atomic and Molecular Physics 2004;28F/I:3/49.

21. Polischuk V, Todorov G, Petrov L, Rashev S,
Alignment of the NO2 ground sublevels using an Ar+ single mode laser,
Proc 8th EPS Conf on Atomic and Molecular Physics 2004;28F/I:2/120.
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22. Dimitrov S, Raychev L, Gisbrecht A, Todorovska R, Petrov L, Todorov G,
On the teeth whitening process using Ar+ and CuBr lasers,
Proc SPIE 2003;5449:242-246.

23. Todorov G, Petrov L, Slavov D, Polischuk V, Chaika MP, 
Influence of a parasitic magnetic field on the coherence resonances in a strong laser field�
Proc SPIE 2003;5449:380-387.

ONGOING RESEARCH PROJECTS:

Financed by the National Council for Scientific Research

F-1006/00 Magnetic resonances in laser induced galvanic signals and possibilities for
application.

F-1305/03 Creation of new methods for development of lasers with non-conventional
generation characteristics.

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

Financed by EU V Framework Program

G6RD-CT-2001-00642 New all-optical systems and methods for precise magnetic and
electromagnetic field measurements.

G5RD-CT-2000-00372 Improved Photon Efficient Cathodes with Applications in Biological
Luminescence.

Financed by International Atomic Energy Agency

No CRP F-12016 Ion Beam Modification of Polymer Surfaces

Financed by ministries, departments, and companies

Optella Ltd: Photophysics characteristics investigation of newly synthesized photosensitizers
for photodiagnosis and photodynamic therapy of malignant cutaneous lesions.

Financed by UNESCO-ROSTE

Activity Financing Contract UNESCO-ROSTE 875.869.4, FR № 3240049821; �International
School on Quantum Electronics �Laser Physics and Applications� � Travel and participation
grants for young researchers and students from Central, East European Countries and from
Former Soviet Union Countries� - for organization and implementation of XIII International
School on Quantum Electronics, with chairman � Dr. L. Avramov, Organizing Secretary E.
Borisova, and member of the Organizing Committee L. Petrov from the Laboratory.



Annual Report IE 2004 49

COLLABORATIONS:

Specialized laser systems for spectral analysis and applications in metrology,
Conservatoire National des Arts et Metiers, INM, Paris, France.

Investigation of optical and galvanic properties of low-temperature plasma by the methods of
laser spectroscopy,
University of Sankt Petersburg, Sankt Petersburg, Russia.

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.

LECTURE COURSES:

Quantum electronics and laser technique,
Technical University of Sofia, Plovdiv Branch, Plovdiv, Bulgaria.

Technological and medical laser devices,
Technical University of Sofia, Plovdiv Branch, Plovdiv, Bulgaria.

Selected topics of applied physics,
Technical University of Sofia, Plovdiv Branch, Plovdiv, Bulgaria.
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LABORATORY

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

TOTAL STAFF: 11

RESEARCH SCIENTIST: 9
Assoc. Prof. S. Cartaleva, Ph.D.; Assoc. Prof. E. Alipieva, Ph.D.; Assoc. Prof. S. Gateva,
Ph.D.; C. Andreeva, Ph.D.; O. Vankov; V. Sarova; N. Petrov; E. Taskova; K. Gulieva. 
Ph.D. student: T. Karaulanov.

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. The �New Magnetometer�
project, financed by the EC and performed
in collaboration with groups from the
Department of Physics at the University of
Siena (Italy), the Institute of Experimental
Physics at the Technical University of
Graz (Austria) and two private companies
from Bulgaria, was successfully completed
this year.

The CPT resonances were obtained in
alkali atoms when irradiated by coherent
laser fields. Mainly two fields were used
for preparation of more than one ground
state levels into coherent superposition.
Three approaches for magnetic field
measurement were developed and three
experimental set-ups were built in the
Institute of Electronics.

CPT resonances were observed as a
result of coherent superposition of Zeeman
sublevels of the alkali atoms (Rb) ground
state, prepared by means of two-
polarization components monochromatic
laser field. Methodology for d.c. magnetic
field measurement was developed based
on determining the resonance position on
the magnetic field scale. The sensitivity of
the method was evaluated to be 0.1 nT.
With the experimental set-up created in the
laboratory, magnetic field of 1 nT was

measured. The influence of an additional
a.c. magnetic field on the resonance
parameters was investigated; work is now
in progress on elaboration of a
methodology for measurement of the
amplitude and frequency of the a.c.
magnetic field. The current experimental
investigation is being performed using the
narrow resonance structure registered in
the laboratory. The narrow resonance
structure allows improvement of the
sensitivity by two orders of magnitude.

Narrow (a few kHz) resonances were
prepared also when two hyperfine ground-
state levels are coupled to a common
excited state by means of a bichromatic
laser field with frequency difference
between the spectral components scanned
around 3.4 GHz. The bichromatic laser
output was realized by modulation of the
diode laser current. For this purpose, an
RF generator was designed and built in the
Institute of Electronics in cooperation with
the Microwave Solid State Electronics
Laboratory. Using this approach, absolute
values of the magnetic field from 10�3 to
10�7 T could be measured by measuring
the CPT resonance splitting. Work is in
progress for automation of the
measurement procedure. The sensitivity
obtained up to now is 50 nT.

CPT resonances were obtained by
means of introducing coherence between
the split in the measured magnetic field
Zeeman sublevels belonging to the same
hyperfine level. For this purpose, the
atomic sample was irradiated by a
frequency modulated (in the kHz range)
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laser field. The modulation frequency at
which the resonance is registered is a
measure of the applied magnetic field.
Using this approach, continuous
measurement of the laboratory magnetic

field was performed. With numerical
processing of the experimental data, the
error in MF determination was estimated
to be close to 40 pT. 

PUBLICATIONS:

1. Alzetta G, Gozzini S, Luchesini A, Cartaleva S, Karaulanov T, Marinelli C, Moi L,
Complete electromagnetically induced transparency in sodium atoms excited by a multimode
dye laser,
Phys Rev 2004;A69:063815.

2. Taskova E, Gateva S, Alipieva E, Kowalski K, Głódź M, Szonert J,
Nonlinear Faraday rotation for optical limitation,
Appl Optics 2004;43/21:4178-4181.

3. Stoyanov DV, Dreischuh TN, Vankov OI, Gurdev LL,
Measuring the shape of randomly arriving pulses shorter than the acquisition step,
Meas Sci Technol 2004;15:2361-2369.

4. Mihailov NI, Vankov OI, Petrova NL,
Combined laser and magnetic field treatment of  YFeO3-containing films grown by spray-
pyrolysis,
Cent Eur J Chem 2004;2/1:188-195.

5. Andreeva C, Cartaleva S, Karaulanov T, Biancalana V, Dancheva Y, Mariotti E, Moi L,
Nasyrov K,
Coherent resonances in degenerate two-level systems for magnetic field measurement,
Nanoscale Magnetic Oxides and Bio-World, Nedkov I, Tailhades P (Eds), Heron Press,
Sofia, Bulgaria 2004, pp 166-176.
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Laser systems for medical applications,
News 2004;9:1-2 (in Bulgarian).

7. Batov I, Mihailov N,
Fundamentals of laser- and electro-acupuncture reflexo-therapy,
BON Publishers, Blagoevgrad 2004, 206 p.

8. Alzetta G, Cartaleva S, Gozzini S, Karaulanov T, Lucchesini A, Marinelli C, Moi L,
Nasyrov K, Sarova V,
Lossless formation of electromagnetically induced transparency in sodium atoms,
Proc SPIE 2004;5449:280-291.

9. Andreeva C, Bevilaqua G, Biancalana V, Bresci E, Cartaleva S, Dancheva Y, Karaulanov
T, Marinelli C, Mariotti E, Moi L,
Coherent spectroscopy in Cs for precise magnetic field measurement,
Proc SPIE 2004;5449:307-315.
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10. Alipieva E, Gateva S, Taskova E,
Coherent population trapping resonances on degenerate two-level system for magnetic field
measurement,
Proc SPIE 2004;5449:336-341.

11.Affolderbach C, Andreeva C, Cartaleva S, Karaulanov T, Mileti G, Slavov D,
Light shift reduction in atomic clocks,
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All-optical method and device for magnetic field measurement,
Proc SPIE 2004;5449;388-395.
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Frequency stability comparison of diode lasers locked to Doppler and sub-Doppler
resonances,
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Coherent effects in the field of elliptically polarized light,
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ONGOING RESEARCH PROJECTS:

Financed by the National Council for Scientific Research:

F-1005/00, Investigation of coherent effects in Rb due to optical pumping,
F-1404/04, Coherent effects in gas-phase nano-layers,
F-1009/04, Nonlinear magneto-optical effects in a resonance medium.

Financed by the European Commission:

GRD1-2001-40031, New magnetometer.

COLLABORATIONS:

Coherent population trapping effect in alkali atoms
CNR, Italy,
Spectral characteristics of lasers and laser spectroscopy,
Institute of Solid-State Physics and Optics, Hungarian Academy of Sciences,
Development of stabilized diode lasers and their application to atomic spectroscopy and
cooling of atoms,
Institute of Physics, Polish Academy of Sciences.

LABORATORY VISITS:

T. Karaulanov, S. Cartaleva - IPCF � CNR, Pisa, Italy, 15 days,
S. Gateva, Institute of Physics, Warsaw, Poland, 30 days.
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GUESTS:

Prof. Kamil Nasyrov, Institute of Automation and Electrometry, Novosibirsk, Russia, 60
days,

Prof. Martial Ducloy , LPL, Institut Galilee, Universite Paris-Nord, France -5 days,

Prof. Daniel Bloch, LPL, Institut Galilee, Universite Paris-Nord, France - 5days,

Dr. Tigran Varzhapetyan, Institute of Physical Research, National Academy of Sciences of
Armenia - 30 days.
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LABORATORY

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

TOTAL STAFF: 3

RESEARCH SCIENTIST: 2
Assoc. Prof. L. Kovachev, Ph.D.; T. Arabadziev.

RESEARCH ACTIVITIES:

1. Optical vortices with integer spin

We found large spectral zones near
plasma frequency for fs and few ps optical
pulses, where conditions for observing
optical vortices can be created. Such
optical vortices can also be observed in
spectral regions on the 'wings' of the
electron resonances. In the latter case the
zones depend strongly on the number
density of the gases. In these spectral areas
the propagation of optical pulses is
governed by 3D+1 vector nonlinear
Schrödinger equations (VNSE). We found
stable analytical 3D vortex solutions of
VNSE with integer spin. The dispersion
relations and constant of these vortex
solutions give us the possibility to
determine these zones. The vortices
resemble a stable Fraunhofer distribution,
but the vortex structures after passing is
revealed aftre transmission through a
linear polarizer. The critical power of these
vortices was a little greater than the critical
one for self-focusing. We also investigated
fs and few ps pulses propagation in media
with weak dispersion (transparency
regions in dielectrics and gazes). We found
that in these regions the propagation of
ultra short optical pulses is governed by a
new vector nonlinear equation, which is a
generalization of the paraxial
approximation. New analytical vortex
solutions were found for this generalized
paraxial equation.

2. Optical vortices with half-integer spin

We derived a set of nonlinear Maxwell
Amplitude equations (NME) for nonlinear
optical media with dispersion of the
electric and magnetic susceptibility. In the
cases of linear and circularly polarized
components of the electric and magnetic
fields, the NME set reduces to the
Nonlinear Dirac set of equations (NDE).
The equations were represented in a spinor
form. Using the method of separation of
the variables, exact vortex solutions were
found. The optical vortex solutions admit
classical orbital momentum l = 1 and
classical own momentum j = 1/2. The
solutions of NDE are different from the
solutions obtained by separation of the
variables of the usual linear Dirac equation
with potential depending only on 'r' (e.g.,
hydrogen atom). In case of linear Dirac
equations with potential, radial spherical
Bessel functions of higher order
correspond to a higher order of the
spherical spinors. On the other hand, for
NDE, higher number of field components
and a higher value of the localized energy
correspond to higher order of the spherical
spinors (l = 1, 2, �). The zero-order
spherical radial Bessel function is valid for
all radial solutions of NDE. The energy
integral of the vortex solutions is finite
only in some special cases of paramagnetic
media with suitable conditions imposed on
the linear electric and magnetic dispersion.
Using the Poynting vector for solutions
with spin j = 1/2, we found that the energy
flow through an arbitrary closed surface
around our vortex solutions is zero and the
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localized energy of our solutions circulate
in the (x, y) plane. Another important
result was that the vortex solutions with
spin j = 1/2 without external fields are
immovable. The electrical field in the
vortices oscillates spherically, while the
magnetic field oscillates in the z direction.
The preliminary investigations on the
instability of these solutions showed that
while the vortices with spin j = 1/2 are
stable, the vortices with opposite spin
(charge) j = −1/2 are not.

3. Stable optical waves in a long-haul
fiber optical communication line with
semiconductor optical amplifiers. 

The most promising and quickly
developing telecommunications field
nowadays are the optical communication
systems. An important problem of the
modern long-haul optical transmission
systems is the degradation and dissipation
of the optical waves in a dissipative
nonlinear medium, such as the optical
fiber. Motivated by this, we developed a
numerical model of the fiber optical

transmission line with semiconductor
amplifiers (SOA) where we take into
account the dispersion, nonlinearity, losses
and optical gain created by amplifiers. By
using this model, we found the conditions
for formation and the most important
properties of stable optical waves in the
transmission line, such as averaged and
dissipative optical solitons. In addition, we
performed a comparative analysis of the
averaged and dissipative solitons�s
frequency characteristics. 

The parallel or consecutive
amplification of pulses in a SOA may lead
to the effect of cross-gain-modulation
(XGM) due to the fast saturation of the
gain in the amplifier. The amplification of
optical pulses at different wavelengths
may lead to the nonlinear phenomenon of
four-wave-mixing (FWM). One important
practical application of the XGM and
FWM is the possibility of using the SOA
as an all-optical wavelength converter. We
showed that the wavelength conversion
with SOA can be realized in a high-rate
optical transmission line.

PUBLICATIONS:

1. Kovachev LM, 
Optical vortices in dispersive nonlinear Kerr type media, 
Int J Mathematics and Mathematical Sciences 2004;18:949-967.

2. Kovachev LM,
Optical leptons,
Int J Mathematics and Mathematical Sciences 2004;27:1403-1422.

3. Kovachev LM,
Vortex solutions of the nonlinear optical Maxwell-Dirac equations,
Physica D-Nonlinear Phenomena 2004;190:78-92.

4. Kovachev LM, Kaymakanova NI, Dakova DY, Pavlov LI, Rousev RA, Donev SG, Pavlov
RL,
Three-dimensional solutions in media with spatial dependence of the nonlinear refractive
index,
Journal of Physical Studies 2004;8:1-4.
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5. Kovachev LM, Ivanov LM, Simeonov DS, Arabadzhiev TN, 
Stability of optical vortices with integer spin, 
Proc Int Conf Nonlinear wave-guide phenomena, Toronto, Canada 2004;TuC27:1-3.

6. Kovachev LM, 
Nonlinear amplitude Maxwell-Dirac equations. Optical leptons, 
Proc 5th Int Conf Symmetry in Nonlinear Mathematical Physics, Kyiv, Ukraine 2004;2:843-
850.

7. Arabadzhiev T, Uzunov I,
Frequency characteristics of stationary optical pulses in lightwave communication systems
with periodical gain created by semiconductor amplifiers, 
Optical Fiber Technology 2004;10:171-186.

8. Uzunov I, Arabadzhiev T,
Frequency conversion by means of semiconductor optical amplifiers with gain modulation
and four-wave mixing, 
Е+Е 2004;3-4:26-32 (in Bulgarian).

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.

The Optical Radiometry Laboratory1 together with the Remote Sensing of the Earth and the
Planets Department 2 of the Solar-Terrestrial Laboratory � BAS form the

JOINT RESEARCH TEAM
SPECTROMETRIC REMOTE SENSING OF THE SYSTEM �SUN-EARTH�

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

TOTAL STAFF: 9

RESEARCH SCIENTISTS: 7
Assoc. Prof. V. Tsanev1, Ph.D.; P. Pavlova1, Ph.D.; I. Iliev2, Ph.D.; D. Krejova2, Ph.D.; A.

Krumov2; K. Bakalova2; El. Angelova1; M. Danov1

RESEARCH ACTIVITIES:

1. Investigation of the atmospheric
turbulence influence on the images of
space objects 

Investigations were carried out of the
atmospheric turbulence impact on the
radiometric, location and communication
systems� features. The new mathematical
model developed presents the turbulent
effects as multiple corrections that
improve the efficiency of the technique.
Original and explicit results were obtained. 

2. Radiometry and colorimetry
applications

The second area of investigations
concerned various applications of the
radiometric and colorimetric analysis of
spectra: 
• Rocks type classification.
Some of the measurements were
performed in cooperation with the
�Remote Sensing� Department of the
Solar-Terrestrial Laboratory. An existing
experimental set-up for hemispherical

emissivity measurements was improved.
Another system for spectral emissivity
measurements is currently in process of
assembling.
• Spectral and reflectance features of
agricultural plants and estimation of their
condition.
• Objective estimation of the liquid
crystals phase state. 
The investigation included preparation of
new liquid crystals mixtures and testing of
their parameters in dependence of
temperature using spectral measurements
and colorimetrical analyses. This was a
joint work of the Institute of Solid-State
Physics and two laboratories of the
Institute of Electronics, namely, �Optical
Radiometry� and �Condensed Matter
Lasers�.
• Development of an expert system
based on the color characteristics of the
spectrums obtained from skin cancer
lesions.

The study was performed in
cooperation with �Condensed Matter
Lasers� Laboratory. It was not limited
only to the spectral analyses but also
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processing of the images obtained from the
same lesions.
3. Spectral investigations of the
products resulting from volcanic
eruptions and burning of agricultural
plants

One  member of the  laboratory�s  staff
currently participates in a team of
Cambridge University, which carries out
spectral investigation in the optical
wavelengths range of the gases and

aerosols resulting from volcanic eruptions
and burning of agricultural plants.

We  consider  the  dissemination of our 

Scientific   knowledge  in  the  educational 

process as a very important part of our
work. This is why during the last 15 years
we have prepared and have held lectures in
two universities, namely, the Technical
University of Sofia and the Technical
University, Sofia Branch.

PUBLICATIONS:

1. Ferdinandov E, Dimitrov K, Tsanev V,
Atmosperic turbulence influence on images of space objects � power fluctuations,
Electrical Enegineering and Electronics (Е+Е) 2004;39/3-4:15-19 (In Bulgarian).

2. Ferdinandov E, Dimitrov K,
Influence of the atmospheric turbulence on the images of space objects,
Optics Communications 2004;239:1-6.

3. McGonigle JS, Thomson CL, Tsanev VI, Oppenheimer C,
A simple technique for measuring power station SO2 and NO2 emissions,
Atmospheric Environment 2004;38/1:21-25.

4. Oppenheimer C, McGonigle AJS, Allard P, Wooster MJ, Tsanev VI,
Sulphur, heat and magma budget of Erta �Ale lava lake, Ethiopia.
Geology 2004;32/6:509-512.

5. McGonigle AJS, Oppenheimer C, Tsanev VI, Saunders S, Mulina K, Tohui S, Bosco J,
Nahou J, Kuduon J, Taranu F,
Sulphur dioxide fluxes from Papua New Guinea�s volcanoes,
Geophysical Research Letters 2004;31:L08606, doi:10.1029/2004GL019568.

6. McGonigle AJS, Delmelle P, Oppenheimer C, Tsanev VI, Delfosse T, Williams G, Jones
G, Horton K, Mather TA,
SO2 depletion in tropospheric volcanic plumes,
Geophysical Research Letters 2004;31:L13201, doi:10.1029/2004GL019990.

7. Pavlova P, Borisova E, Naradikyan H, Angelov T,
Temperature Dependence of Chromaticity in Polimer-stabilized Cholesteric Liquid Crystals,
Nanoscience & nanostructured materials application and innovation transfer,
HERON Press Science Series, 2004;4:220-222.

8. Pavlova P, , Borisova E, Avramov L,
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Automated system for skin cancer detection based on reflectance spectra,
Proc Nat Conf Biomedical Physics and Engineering, October  2004,  pp. 260-265 (In
Bulgarian).
LECTURE COURSES:

Probability and statistical methods in telecommunications.
Technical University of Sofia, Sofia, Bulgaria.

Radio-waves and radio-relay links,
Digital signal processing,
Mathematical methods for digital processing,
Aerial transmission lines and microwave equipment,
Image analyses and recognition, Computer vision, Optical processors, Image processing.
Technical University of Sofia, Plovdiv Branch, Plovdiv, Bulgaria.
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LABORATORY

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

TOTAL STAFF: 21

RESEARCH SCIENTISTS: 14
Assoc. Prof. I. Kolev, Ph.D.; Assoc. Prof. L. Gurdev, Ph.D.; Vl. Mitev, Ph.D.; V. Grigorieva,
Ph.D.; S. Penchev, Ph.D.; V. Pencheva, Ph.D.; A. Deleva, Ph.D.; T. Dreischuh, Ph.D.; Z.
Peshev, Ph.D.; G. Kolarov; R. Avramova; B. Kaprielov; V. Naboko; I. Grigorov

RESEARCH ACTIVITIES:

1. Lidar monitoring of the atmosphere

An experimental evaluation of the
working precision of the two aerosol lidars
of Institute of Electronics, involved in the
EARLINET project, was carried out by
comparing the results of simultaneous
measurements and applying the control
criteria for lidars in the network. For this
purpose data files from the established
database were used containing information
for the profiles of backscatter coefficient
of the atmosphere, measured by the two
lidars during June, July, August and
September of 2002. To analyze the lidars�
precision, the average of the differences
for the corresponding profile pairs were
calculated, as well as the standard
deviation for these differences for 11
simultaneous measurements. It is essential
to note that for all measurements (except
one) the average of the differences was
found to be below the threshold 5х10-7

[m.sr]-1, adopted by EARLINET project
participants. The average of the
differences that was calculated on the basis
of all profiles compared was 1.38х10-7

[m.sr]-1. Similar results were obtained for
the values of the standard deviation. This
analysis represents a confirmation for the
precision of the measurements performed
by the two lidars and shows that they
comply with the criteria for operation in
the EARLINET network. (I. Grigorov, G.
Kolarov, D. Stoyanov, I. Kolev, B.
Kaprielov)

Lidar measurements were continued
under the EARLINET program WP7 �
Observation of special atmospheric
phenomena � studying the distribution of
layers with high aerosol concentration in
the troposphere due to Saharan dust
transport. The data obtained were
processed and included in the program
database. A joint publication is under
preparation. In addition, sounding
followed by data processing by the
EARLINET algorithm was conducted on a
weekly basis. Eight three-hour
measurements were also carried out with a
Fourier analysis of each realization of a
total of 370 in height, aimed at registering
cyclic processes in the atmosphere. In each
experiment, the air temperature, wind
speed and direction were recorded. These
measurements will continue in the
following year in order to accumulate
sufficient data for publication. For 2005,
regular soundings of the atmosphere are
envisaged to detect Saharan dust, together
with experiments for registration of cyclic
atmospheric phenomena; an upgrade of the
lidar system is also planned by introducing
an optical cable between the telescope and
the photo-receiver and a device for
registration of the daytime background
radiation. (G. Kolarov, I. Grigorov)

A technique was proposed for
determining the atmospheric planetary
boundary layer (PBL) height. The mixing
layer height over an urban area was
determined experimentally by the
technique proposed using the polarization
characteristics of the lidar signal in the
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cases of a radiation fog and a haze. The
polarization characteristics of the lidar
signals from the aerosol layers within the
zones of temperature inversions, those
obtained from the residual layer and from
the aerosol mixing layer differed from one
another. A comparison between the mixing
layer heights obtained from the first
derivatives of the S-function and of the
depolarization ratio showed the
applicability of the polarization lidar in the
case of complex meteorological situations;
further, the data contained information
concerning the distribution of the non-
spherical particles within the different
layers of the PBL. The depolarization
coefficient was δ = 15 % in the case of a
stable stratification in the temperature
inversion zone, δ = 15 % in the case of a
developing convective boundary layer, and
δ = 3 ÷ 5 % in the case of a well-
developed mixing layer. (B. Tatarov, N.
Kolev, R. Nenchev, B. Kaprielov, I.
Kolev)

Starting from March 31, 2004,
systematic combined studies of the
planetary boundary layer were carried out
using a lidar, an optical radiometer, and an
ozonometer. The lidar and the ozonometer
were located in the Institute of Electronics
and the optical radiometer, in the Institute
of Geophysics. Preliminary results
concerning the height and structure of the
PBL were obtained. The lidar data was
used to determine the extinction
coefficient and the aerosol optical depth.
The aerosol optical depth of the entire
atmosphere between the Sun and the Earth
were determined from the optical
radiometer data. The data obtained
revealed the necessity of further more
detailed studies on this new for our team
field. The ground layer ozone
concentration was followed during the
formation of the mixing layer over an
urban area. The data from the three
instruments will be analyzed and
harmonized. Continuation of the lidar-
radiometer and lidar-ozonometer studies in
the PBL is envisaged for 2005, together

with studies on lidar determination of the
microphysical properties of natural and
anthropogenic atmospheric objects and
estimation of the multiple scattering
contribution. (N. Kolev, R. Nenchev, I.
Iliev, V. Grigorieva, V. Umlensky, I.
Kolev)

An exploratory cycle was completed
concerning the development of a method
for precise measurement of the shape of
pulses shorter than the acquisition step,
which is effective in the case random
delays of the input pulses with respect to
the triggering pulse of the analog-to-digital
converter (ADC). The method is based on
conversion of the short pulses to be
measured into longer damped oscillations
and their correct acquisition (sampling)
with saving the pulse information,
rearranging of the sampled oscillations
with respect to some reference moment of
time to form a finer-discretization high-
precision oscillation, and retrieving the
pulse shape by inverse algorithms. We
demonstrated experimentally the good
performance (5 � 7 % rms error) of this
method (by using a 20 MHz/8 bit ADC)
when measuring the shape of randomly
arriving pulses, shorter than the ADC
sampling step (50 ns), with an equivalent
sampling frequency of up to 2 GHz (0.5 ns
equivalent sampling step). The possibility
to resolve the shapes of a pulse pair with
an inter-pulse delay shorter than the ADC
sampling interval was also demonstrated.
The limiting equivalent sampling
frequency was estimated to be 500 GHz.
This method can be applied effectively for
the development of novel short-pulse
measuring techniques, avoiding the
problem of time synchronization with the
trigger pulses in lidars and radars, nuclear
experiments, tomography, communi-
cations. (D. Stoyanov, T. Dreischuh, O.
Vankov, L. Gurdev)

The influence was simulated of the
atmospheric turbulent motion on the
character and accuracy of the radial
velocity profiles obtained by using a high-
range-resolution coherent Doppler lidar
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approach developed recently in our
laboratory. The simulations were based on
an original statistical spatial-temporal
model of the turbulent radial-velocity
fluctuations assumed to have a von-
Kàrmàn-like spectrum that closely
approximates the well-known Kolmogorov
- Obukhov spectrum. The results of the
simulations confirmed our earlier
analytical conclusions about the character
of the recovered radial velocity profiles,
depending on the duration of the lidar
measurement procedure. We thus
substantiated the adequacy of the model.
(L. Gurdev, T. Dreischuh)

Further investigations were performed
on an original (proposed by us) single-side
(and single-direction) gamma-tomography
approach based on the lidar principle and
providing the possibility to profile
optically opaque dense media. We showed
that this approach allows one to determine
effectively the �images� of the extinction
and backscattering coefficients (and,
respectively, of the absorption coefficient)
within a dense medium (object). In turn,
knowledge of the above images enables
one to determine unambiguously the
distribution of different impurities and
their density within the object. The
informative depth of sensing achievable
within different media was estimated to be
of the order of centimeters (for �heavy�
materials) to tens of centimeters (for
�light� materials). The possibilities
indicated are unachievable by other,
recently developed, �conventional� single-
sided gamma-tomography approaches. A
method and a set-up were developed for
implementation of single-side gamma-ray
tomography. They solve in an original and
effective way the problems of precise
separation of once-backward-scattered
photons and of ensuring a mode of sensing
by delta-like radiation pulses. (D.
Stoyanov, I. Gurdev, T. Dreischuh, O.
Vankov)

The distribution probabilities were
analyzed (theoretically and
experimentally) of detected laser radiation

passing through turbulent media. The
comparisons showed that, in most of cases,
the distribution observed in experiments
was of the log-normal type. In some of
cases, a deviation from this law was
registered despite of the fact that in all
cases the turbulence was weak. These
results can be used (in spite of their
preliminary nature) for estimating
atmospheric turbulences and for more
precise definition of the requirements to a
given measuring technique. (Vl. Mitev)

The work was continued in the
laboratory within the framework of the
project Lidar based on powerful broad-
line laser diodes, intended for atmospheric
water vapor analysis. The spectral
application of the powerful multichipstack
laser diodes with pulse power over 100 W
and wavelengths of 0.9 µm and 0.85 µm
was based on the differential absorption at
the relevant wavelengths in the maximum
of the water vapor spectrum and in the
atmospheric window. We developed
further the model of computer convolution
of the water-vapor resonance-absorption
spectrum. In the convolution integral
expression for the ratio of lidar equations
for both (on/off) wavelengths, additional
data were introduced for the temperature
dependence of the line intensities and the
collision broadening due to atmospheric
pressure variation. The convolution curves
were calculated in order to calibrate the
lidar measurements as a function of the
temperature and pressure gradients, for the
detected spectrum in the broadened laser
line containing over 250 water vapor
absorption lines of the third rovibrational
overtone (0,0,3) and hot band (1,0,2) of
frequencies between 11 050 cm-1 and
1 120 cm-1. Spectral singularities were
revealed (11 000 cm-1, 11 100 cm-1) of
opposite temperature dependence for both
molecular excitations (0,0,3) and (1,0,2),
where the integral absorption spectrum
was totally independent of the temperature
gradient of the atmosphere. It was also
found that the integral spectrum was
practically insensitive to atmospheric
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pressure variations. The advantages listed,
combined with the optimal coefficient of
integral absorption 7 � 10 km-1 depending
on the atmospheric humidity, provide high
accuracy and wide dynamic range of
sounding. (S. Penchev, V. Pencheva, V.
Naboko)

Further investigations were performed
concerning the origin of the high surface
ozone concentrations. The results
confirmed the assumption that the high
ozone concentration values detected near
the ground can be attributed to natural
dynamic processes in the atmosphere.
Moreover, experimental data was obtained
about the ozone dynamics in the
developing boundary layer (at various
meteorological conditions) with the
purpose of studying the peculiarities in the
ozone variations and in the processes
defining them. (V. Grigorieva)

2. Lidar signal processing

A novel type of very precise laser
ranging system was developed. The
measuring accuracy was of the order of
1 mm. The system was based on a novel
technique for measuring the shape of
randomly arriving pulses. This system is
part of a future lidar tomographic system
for probing of small objects with very high
spatial resolution. (D. Stoyanov, T.
Dreischuh, O. Vankov, L. Gurdev, S.
Penchev)

A full computer model of the above
system was developed. The model was
tested by simulating different signal-to-
noise ratios (SNR), pulse shapes, filtering
algorithms, etc. The best ranging accuracy
was obtained when a specially designed
optimal processing algorithm was applied.
The results of the simulations
demonstrated the possibility to implement
a ranging accuracy of the order of 300 µ
at SNR = 200, as well as ~100 µ  for
SNR ~ 1 000 (if using a 100MHz/12bit
ADC). (D. Stoyanov)

A full computer model of a lidar
system using single spontaneously emitted

gamma photons also developed and tested
by simulations. The simulation results
demonstrated the good performance of the
basic method for lidar probing, developed
by us for the first time. (D. Stoyanov, L.
Gurdev, T. Dreischuh, Ch. Protochristov)
We showed that a ranging resolution of the
order of 5 mm (at SNR = 200) could be
realized by such a system. We believe
these to be very promising for the
development of novel lidar systems for
range-resolved probing of non-transparent
media by gamma radiation. It was also
estimated that by using the best PMT and
scintillators, range resolutions of up to
1 mm could be realized. Experimental
equipment is now being developed (in
collaboration with the Institute for Nuclear
Research and Nuclear Energy, BAS, Prof.
Ch. Protochristov). (D. Stoyanov)

The systematic error of the introduced
theoretical spectrum was analyzed based
on precise experimental calibration of the
resonance lines intensities. The absolute
calibration of the theoretical spectrum
under the complex interaction of a great
number of lines of different intensities is
of major importance for the validation of
the method developed. For this purpose,
we registered and investigated a high-
resolution water vapor absorption
spectrum containing five of the most
intensive lines: 11 118.327 cm-1;
11 118.224 cm-1; 11 117.930 cm-1;
11 093.54 cm-1 and 11 093 385 cm-1, in the
tuning range of two modes of a pulsed
highly coherent laser diode with power of
0.5 W at room temperature. The
experimental spectrum detected was
compared with the theoretical spectrum
HITRAN�96 and the improved version
HITRAN�2004. It was found that the
systematic error of atmospheric humidity
evaluation by the calibration- convolution
curves did not exceed 5%! The result
obtained is essential for the validation of
the method; furthermore, the theoretical
spectrum provides only the relative values
of the spectral lines intensities. The
HITRAN database, therefore, is not
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directly applicable for real evaluation of
atmospheric humidity in the relevant
spectral band. Besides the higher
measurement accuracy achieved, our
analysis had another important
consequence, namely, possibility for
calibration of a large part of the theoretical
water vapor absorption spectrum in the
near IR. To conduct similar back-feed with
HITRAN program conforms to the
conditions of use of the database, which is
a recognized standard subjected to
continuous development for modeling of
atmospheric absorption in different
spectral investigations and applications in
the area of atmospheric monitoring. (S.
Penchev, V. Pencheva)

The systematic error due to the
difference between the real and the
approximated Gaussian profiles of the
laser line was analyzed depending on the
approach used in the convolution model.
Besides ensuring higher accuracy, an
advantage of the resultant analytical form
of the laser line is that the integral
absorption spectrum is found to depend
insignificantly on the parameters of the
driving electric pulses. For this type of
lasers, we were able to prove analytically
that, depending on the concrete parameters
of the driving pulses, 3 - 4 Gaussian laser
modes of individual linewidth of ∼1.5 nm
and different amplitudes participate in the
formation of the laser line with typical
linewidth of ∼6 nm, via the mechanism of
frequency tuning due to the adiabatic
heating of the laser medium. The
systematic error of atmospheric humidity
evaluation, as a function of the variation of
the driving electronic circuit parameters,
did not exceed 5%. (S. Penchev, V.
Pencheva)

3. Lidar hardware & software

Significant improvement was achieved
in the registration system of the aerosol
lidar. A multichannel counting device for
registration of the lidar photo-pulses
arriving from the photomultiplier to the

computer was designed and put into
operation. The device is intended to be
installed on the ISA slot of the PC
motherboard. It allows accumulation of
signal pulses with spatial resolution of
15 m, or 30 m for an array of 1024 strobes.
Due to the use of CuBr-laser as emitter,
operates at high pulse repetition rate
(~13 KHz), ~730 strobes were used (30 m
each), i.e. soundings were conducted up to
an altitude of 22 km. With the introduction
of the new counting systems, the
capabilities of the lidar for participation in
international lidar programs were
significantly improved. A large number of
lidar measurements were conducted with
the new registration system in view of
approbating its functional characteristics.
(G. Kolarov, I. Grigorov, D. Stoyanov)

Introducing an internal counting device
in the receiving part of the aerosol lidar
made it necessary to develop new modules
for binary data files reading by the system
for calculation of the atmospheric
extinction coefficient in MATLAB
environment. In the program for 2005, we
envisage the development of additional
software modules to the �Lidar� system in
MATLAB environment, for calculation of
the atmospheric extinction coefficient, in
view of its adaptation for Raman lidar data
processing. (I. Grigorov)

Controlling software was developed
for the four-diaphragm unit for high-speed
change of the lidar viewing angle and for
construction of quasi-online �height-time�
images for each different viewing angle.
Software for quasi-online (approximately
10 min. after the measurements) �height-
time� images construction was also
developed. (R. Nenchev, N. Kolev, B.
Kaprielov)

To study the multiple scattering effect
in the sounding of optically dense (τ > 0.5)
atmospheric objects, a four-diaphragm unit
was developed for high-speed change of
the lidar viewing angle from 1.5 mrad to
12 mrad. (I. Kolev, B. Kaprielov, R.
Nenchev)
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Drivers for high-power laser diodes
with low internal dynamic resistance in
pulse mode were implemented and tested.
For the laser diode type LD166, the
following parameters were achieved: pulse
repetition rate 3 kHz, pulse duration
100 ns and driving current 50 A. The main
element of the driving circuit was a high-
power MOS transistor with an integral
driver and capacitive energy accumulation.
(S. Penchev, V. Pencheva, V. Naboko)

The main circuits of a series of drivers
with capacitive energy accumulation were
modeled on �PSpice�, in view of driving
laser diodes of new generation (CVD197
and CVD167) possessing different internal
structure of the chip with greater internal
dynamic resistance and direct voltage
supply. At the same time, the influence of
the inductance on the driver�s parameters
in the case of using a high-power MOS
transistor type TO220 and the topology of
the circuits proved to be excessive even
when using SMT elements. It turned out as
well that the pulse current of the MOS
transistor gate, due to its dynamic
capacitance, considerably complicates the
demands towards the driving circuit in the
nanosecond range. As a result of the
modeling, an original solution was found
for protection of the laser in the case of
pulsed driving current (pulse duration of
tens to hundreds of nanoseconds and
operating current of tens of amperes). Of
all the circuit versions considered, the
most appropriate was chosen for operation
with the CVD197 and CVD167 lasers,
characterized by operating current of
30A/25A and duration of electric pulses of
90 ns (at operational sounding repetition
rate of 5 kHz). Based on the results
obtained, two topological schemes and
plates were designed and implemented.
The experimental tests confirmed the
calculated parameters. (S. Penchev, V.
Pencheva, V. Naboko)

For laser diodes operation at higher
sounding rates (≤ 10 kHz) and stabilization
of the laser line in the spectral region
prescribed by the methodology, it is

necessary to provide stabilization in the
range of +30 oC and +7 oC with an
accuracy of ∼±1 oC. It should be noted that
the range of thermostabilization is near the
real temperature range of the ambient
medium. This imposes on the thermostat
the requirement for operation either in
cooling or heating mode depending on the
laser�s heat exchange mode, the latter
varying with the sounding rate. For this
purpose, we selected an integral heat
sensor programmable by a 1-W computer
interface with specialized software. We
further designed and implemented a
specialized programmer for programming
the sensor. The same programmer allowed
us to use integral sensors for monitoring
the real lasers temperature the monitor.
The discrete indication is in the range of
±0.1 oC. (S. Penchev, V. Pencheva, V.
Naboko)

We also developed a thermostat based
on a Pelletier cooler in inversion-
commutation mode (cooling-heating) with
conduction of the heat energy to an
actively cooled radiator. The operating
current of the thermoelectric cooler was
7 A. The driving circuit of the thermostat
was implemented by high-power MOS
transistors with low resistance allowing
higher efficiency. The main thermostat
circuit was built and tested experimentally.
The tests showed that the efficient
operation of the thermoelectric cooler
requires a cascade structure and
configuration maximally enclosing the
laser diode (circular with a hole). (S.
Penchev, V. Pencheva, V. Naboko)

A photodetector head with an
avalanche photodiode was implemented. A
buffer amplifier was developed and
realized for connecting the photodetector
with the input of the detection system,
including circuits for protection and
voltage supply of APD. The output of the
buffer amplifier was differential. A system
for thermo-stabilization in the range 20 �
 40 oC was used during the photodetector
operation, based on a two-cascade
pyramidal Pelletier cooler and a digital
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integral heat sensor. Heat-stabilization at
low temperatures was used to reduce the
internal noise, which necessitated
evacuation of the photodetector. This
design can be used in the future for
operation of APD in photon-counting
(Geiger) mode with weak signals from
distant zones of sounding. The
photodetector was designed to comprise an
evacuated photodetector head and a high-
voltage supply and a thermostat driver
situated on separate plates with size
200 x 250 mm. (S. Penchev, V. Pencheva,
V. Naboko)

The reconstruction of the Raman lidar
operated earlier in the laboratory reached
its final stage. Both the emitting and
receiving parts of the lidar were changed
significantly. The new version of the
Raman lidar, based on a powerful
Nd:YAG laser, was assembled and
optimized. Lidar signals resulting from
atmospheric aerosol backscattering at 532
nm were registered in preliminary
experiments. The program for the year
2005 includes the following: mounting the
receiver�s spectrum analyzer for
registration of Raman signals from water
vapor and nitrogen molecules;
development of methodology and software
for retrieving profiles of water vapor
concentration and aerosol extinction
coefficient by using Raman lidar signals.
(A. Deleva, Z. Peshev, G. Kolarov, I.
Grigorov, V. Mitev, V. Naboko, L.
Avramov, E. Nenkova)

4. International collaboration

Project Optical Remote Sensing
Studies of the Atmospheric Boundary
Layer Characteristics Using Laser Radar
implemented by the Indian Institute of
Tropical Meteorology, Pune, India, and the
Institute of Electronics, in the framework
of the Indo - Bulgarian inter-governmental
program of cooperation in science and
technology, with principal investigator
from the Bulgarian side - Dr. I. Kolev,

Ph.D. Pursuant to the project program, the
Laboratory was visited for three weeks by
the principal investigator from the Indian
side, Dr. Devara,. During his visit, a
combined joint experiment was performed
using a lidar and two Microtops II sun
photometers. The PBL height, the aerosol
extinction coefficient, and the aerosol
optical depth were determined from the
lidar data. The total optical depth between
the Sun and the Earth at five wavelengths
(380 nm, 440 nm, 500 nm, 675 nm, and
870 nm) was determined from the sun
photometer data. The comparison between
both data sets showed that: the aerosol
optical depth determined from the lidar
data was always lower and varying from
0.1 to 0.25 at 532 nm, while the values
determined by the photometer vary from
0.15 to 0.3 at 500 nm. The aerosol optical
depth value determined according to the
photometer data reached its maximum
approximately 1.5-2 hours before the PBL
reached its maximum height. Some of the
results obtained were summarized in an
abstract submitted for participation in an
international conference. The publication
of a joint paper is also planned. (Dr.
Devara, N. Kolev, R. Nenchev, B.
Kaprielov, I. Iliev, V. Grigorieva, I.
Kolev)

The main task in the first phase of the
joint project Investigation of the Aerosol
Fields Transformations in Industrial
Centres by Lidar (bilateral project with the
Institute of Physics, National Academy of
Science, Minsk, Belarus) was to compare
the processing algorithms for retrieving
the optical extinction and backscattering
aerosol profiles in the two Laser Radar
Laboratories (IE-BAS and IP NASB). A
good basis of this analysis was the
participation of both laboratories in the
EARLINET European Project (within the
5FP of EC). Our lidar EARLINET data
were processed by the programs in IP,
NASB, while the IF, NASB, data were
processed by our programs. We found a
certain small systematic difference (below
5 %) in the retrieved profiles due to the
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difference in the a priori information for
the standard atmosphere, used by the two
teams. (G. Kolarov, I. Grigorov,
D.Stoyanov)

A project was completed for the
development of laser systems for
characterization of high-temperature
superconducting films, introducing and
improving the method of modulated
optical reflectance [V. Pencheva et. al.
"Application of modulated optical
reflectance method for high-temperature
superconducting film characterization",
VACUUM 2004;76:253-256].

Conventional laser diodes in the visible
(635 nm) and near IR (780 nm) regions
were used, with elements of integral optics
(optical fibers, fiber couplers and gradient
lenses). Part of the work conducted was
sponsored by the project
NATOSfP1973718 (Prof. G. Mladenov).
The equipment developed within the
project activities, including a DSP kit with
relevant specialized software, was
designed in view of prospective
multifunctional application in the field of
laser atmospheric sounding. (S. Penchev,
V. Naboko, V. Pencheva)

PUBLICATIONS:

1. Stoyanov D, Dreischuh T, Vankov O, Gurdev L,
Measuring the shape of randomly arriving pulses shorter than the acquisition step,
Meas Sci Technol 2004;15: 2361-2369.

2. Kolev N Tatarov B, Kaprielov B, Kolev I,
Investigation of the aerosol structure over an urban area using a polarization lidar,
J Enviroment Monitoring 2004;19:834�840.

3. Böckmann C, Grigorov I,
Aerosol lidar intercomparisons in the frame of EARLINET: Part II - aerosol backscatter
algorithms,
Appl Optics 2004;43:977-989.

4. Pencheva V, Penchev S, Naboko V, Naboko S, Donchev T,
Application of modulated optical reflectance method for high-temeperature superconducting
film characterization,
Vacuum 2004;76/2-3:253-256.

5. Kolev I, Tatarov B, Savov P, Trifonov T, Kaprielov B,
Experimental Study of Polarization Characteristics of Lidar Signal in case Occlusion front,
Int J Remote Sensing 2004;26/1:29-46.

6. Zhechev D, Parvanova N, Grigorieva V, 
Ar+-Cd Sputtering-atomizing and coherent-galvanic effects in hollow cathode discharge,
Vacuum 2004;76/2-3:401-404.

7. Masheva A, Stoyanov D,
Retrieving of the photon statistics and optical time profiles in lidar remote sensing by novel
method for highly dynamic photon stream measurements,
in Meetings in Physics pp 24-28, Heron Press 2004, Sofia, Bulgaria.
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8. Grigorov I, Kolarov G, Kaprielov B, Tatarov B, Stoyanov D,
Intercomperison of the Two Earlnet Lidars in Sofia,
Proc 22nd Int Laser Radar Conf, Matera, Italy, July 2004, pp 911-913.

9. Kolev N, Grigorieva V, Umlensky V, Tatarov B, Kaprielov B, Kolev I,
Lidar and ground ozone measurements in the PBL during the August 11, 1999 Solar eclipse,
Proc 22nd Int Laser Radar Conf, Matera, Italy, July 2004, pp 789-792.

10. Kolev I, Tatarov B, Kaprielov B,
Lidar Polarization Study of Clouds in Case of Occlusion front,
Proc 22nd Int Laser Radar Conf, Matera, Italy, July 2004, pp 407 410.

11. Papayannis A, Stoyanov D,
Saharan Dust Outbreaks towards Europe: 3 Years of Systematic Observations by the
European Lidar Network in the Frame of the EARLINET Project (2000-2003),
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PATENTS:

D. Stoyanov, L. Gurdev, T. Dreischuh, Ch. Protochristov,
Radar on single, spontaneously emitted gamma-photons,
Reg. № 108818/ 23.07.2004.

ONGOING RESEARCH PROJECTS:

Financed by the National Council for Scientific Research

1. F-907 Tomography method based on lidar principle.

2. F-1408 Development of powerful Raman lidar for sounding the molecular components in
the low and middle atmosphere.
3. ES-1406 Peculiarities of ozone variations and investigation of processes, responsible for
their excistence.
4. YS_Ph-1406 Lidar determination of microphysical characteristics of natural and
anthropogenic atmospheric objects.

Financed by the Steering Council of the Bulgarian Academy of Sciences

1. Raman lidar by Nd:YAG laser for remote sensing of atmospheric parameters.
2. Remote determination of some statistical characteristics of non-uniform media by image
processing.
3. Lidar Methods for determination of planetary boundary layer heights.
4. 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:

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, gamma 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 of EU.
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LABORATORY

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

TOTAL STAFF: 16

RESEARCH SCIENTISTS: 13
Prof. Z. Genchev, Dr.Sc.; Assoc. Prof. M. Mikhalev, Ph.D.; Assoc. Prof. V. Atanassov,
Ph.D.; Assoc. Prof. O. Yordanov, Ph.D.; Assoc. Prof. N. Nedeltchev, Ph.D.; Assoc. Prof. N.
Kostov, Ph.D.; E. Krasteva, Ph.D.; I. Sirkova, Ph.D.; K. Kostov; L. Mladenov; L. Vulkova;
N. Kitova; I. Atanasov.

RESEARCH ACTIVITIES:

1. Microwave radiometers for remote
sensing applications

The investigations on the design and
development of low-budget microwave
radiometers using commercially available
components for TV satellite receivers and
conventional waveguide components
continued during 2004. Different circuitry
solutions for more efficient power-supply,
temperature compensation and measuring
techniques using remote control unit were
proposed and successfully tested. The
main activities were directed towards: i)
Implementation of a method of radiometer
calibration using clear sky and a
microwave absorber mounted into a
portable metal box, whose temperature is
monitored continuously; ii) Precise design
of power supply and processing circuits;
iii) Application of an appropriate timer-
switching off the power supply of the
battery-powered radiometer during the
pause between two measurement cycles.

The newly-developed remote control
device contains a digital voltmeter, a
multi-positional switch, start/stop buttons,
transducers for temperature compensation,
radiometer calibration and auto power off,
3-meter long connecting cable. A
rechargeable accumulator battery 18 V/1.3
Ah was used as a power-supply source.
Data for the antenna and brightness
temperatures, and physical temperatures at

different points of the radiometer and the
absorber could be displayed and
transferred to a lap-top computer.

Because of the limited power budget,
the battery-powered radiometer [1] does
not have a system for temperature
stabilization and the output variations due
to changes in radiometer physical
temperature are corrected. The testing of
the radiometer in field and forest
conditions showed that it could be a
valuable tool for ecosystem monitoring,
especially for remote sensing of top-layer
surface soil moisture, vegetation and forest
canopies, etc.

Another part of the radiometric
research activities was devoted to the
Bulgarian-Vietnamese contract �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 for the period 2004-2006.
Scientific and technical literature related to
the problem was reviewed and studied.
The block-diagram of C-band total power
microwave radiometer was proposed. It
contains: a strip-line antenna, a narrow-
band waveguide filter, a low-noise block-
converter, a tuner and low-frequency,
processing and data logging unit. Special
attention was paid to a double system for
temperature stabilization of the most
sensitive unit � the square-law detector in
the tuner.
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2. Scattering of electromagnetic waves
from natural media

The Interferometric Synthetic Aperture
Radar (InSAR) is a modern microwave
instrument and a powerful tool for
topographic mapping, monitoring of
ground displacements due to earthquakes,
volcano activities, landslides and glacier
motions. In general, InSAR exploits the
phase difference of two complex SAR
scenes registered at different orbit
positions. The main goals of the
investigations carried out in the
Microwave Remote Sensing Laboratory
were as follows: i) surface roughness
estimation using InSAR systems; ii) region
relief and roughness assessment using
InSAR systems for wind farm design and
installation. Two of the main parameters,
used in the Wind Atlas Analysis and
Application Programs for wind farms
design, are the land relief and roughness.
A microwave model of radar cross
sections of such natural heterogeneous
media was proposed, described and
accepted for publication.

3. Microwave propagation modeling
under complicated terrain and
meteorological conditions 

The lower troposphere affects in
numerous ways the microwave
propagation. Clear-air ducting, due to
variations in meteorological parameters
leading to strong negative vertical
refractivity gradients and to formation of
electromagnetic energy trapping layers is
among the most important propagation
phenomena influencing various radar and
communications systems. Ducts due to
intensive evaporation from large bodies of
water and fast decrease of humidity with
height are practically always present at
lower latitudes, their thickness increasing
during the summer months and during
daytime. Surface-based ducts caused by
advection over the sea or temperature

inversions over the earth surface appear
about 14% of the time worldwide. Even
though stable formations, ducts suffer
seasonal and diurnal variations related to
the temporal and spatial variability of
meteorological parameters and thus cause
changes in the propagation conditions.

The microwave propagation
assessment under ducting requires more
sophisticated propagation prediction
methods than the propagation under
standard troposphere conditions. The
parabolic equation (PE) method is known
to allow efficient and accurate
electromagnetic field solutions for
complicated propagation environment,
antenna patterns and underlying surface
characteristics and recently has become the
preferred method for field calculations.
During the last few years, efforts have
been made in the laboratory to
demonstrate the need of precise accounting
for the refraction and ducting in the
planning of radio networks. This wasdone
using the parabolic approximation to the
wave equation in conjunction with finite
element and Fourier split-step numerical
techniques. In particular, the influence was
studied of ducting on path loss for the
Universal Mobile Telecommunication
Systems (UMTS) frequency ranges in the
case of smooth and hilly terrain
propagation. The possibility is shown of
using the PE method in the elaboration of
�electrodynamic model� for a particular
geographic region [2-4].

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

Three dimensional Wolf-Villain (WV)
algorithm for molecular beam epitaxy was
implemented carrying out a large scale
deposition simulations. The full two-point,
two-dimensional statistics of the simulated
surface morphology was evaluated at
selected times. It was shown that
approaching the regime of saturation, the
MBE spectral density function is

http://www.lx.it.pt/cost273)
http://www.lx.it.pt/cost273)
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represented by a single segment of power-
law type, which should considerably
simplify the attempts to model the
statistics of the MBE morphology. The
effect of the periodic boundary conditions
was also accounted for [5-8].

A total of 188 fluorescence spectra of
demineralized teeth surface were classified
and distinguished from the same number
of spectra of healthy teeth surface by
employing the Support Vector Machine
(SVM) method. We studied the
dependence of the classification success
upon the dimension of the SVM algorithm,
as well as upon the degree of smoothening
of the spectral data. On this basis,
parameter ranges ensuring 90 % and
higher diagnostic success were identified. 

One-dimensional cellular automata
model of a computer network was
implemented and studied. The system is
assumed open as the number of input
packets is generated according to a
Poisson distribution. The cross-line traffic
is accounted for by another Poisson
distribution. This affects the throughput of
all nodes independently and is controlled
by a parameter which reflects the amount
of cross-line traffic. The computer
simulations showed that the distributions
of both the queues and the throughputs
evolve from a uniform to a power-law type
probability density function with
increasing the level of the cross-line
traffic.

A particular implementation of Eric
Mazur�s �Pear Instruction� teaching
methodology for Astronomy at the
American University in Bulgaria was
presented and discussed at the XXXII
Bulgarian National Physics Conference,
�Interdisciplinary Approach to Physics
Education�. The lecture part of the
teaching is supported by computer
simulations. Records taken over the entire
period since the method was implemented
� five years � demonstrated the students� 

learning progress. 

5. Propagation of nonlinear waves

Coupled nonlinear Schrodinger
equations (CNLS) with an external elliptic
function potential model with high
accuracy a quasi one-dimensional
interacting two-component Bose-Einstein
condensate (BEC) trapped in a standing
wave generated by a few laser beams. New
families of stationary solutions of the
CNLS with a periodic potential were
presented and their stability studied by
direct numerical simulations. Some of
these solutions allow reduction to the
Manakov system. From a physical point of
view some of these solutions, the trivial
phase solutions, can be interpreted as exact
Bloch states at the edge of the Brillouin
zone. Some of them are stable while others
are found to be unstable against long-
wavelength modulations. The solutions,
which are modulationally unstable are
shown to lead to the formation of localized
ground states of the coupled BEC system.
These results are discussed in [9-10].

6. Study of electromagnetic waves
transmittance at normal incidence for
an electron gas

An analysis was made of the
electromagnetic waves transmittance at
normal incidence for an electron gas
without losses. The electron gas was
assumed to have plane parallel slab
geometry and its dielectric permittivity
modulated periodically in one direction
parallel to interfaces. It was shown that
due to surface plasmon polaritons modes
excitations at a defined resonance
frequency the transmittance of the slab is
equal to unity. The number and positions
of such peaks were studied analytically
and numerically. The results were
published in [11, 12].



Annual Report IE 2004 73

PUBLICATIONS:

1. Vichev BI, Kostov KG, 
Microwave Dicke-type radiometer using satellite TV receivers components and waveguide
front-end, 
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Experimental Chaos: 8th Experimental Chaos Conf, American Institute of Physics, Conf Proc
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12. Genchev ZD, Dosev DG, 
Resonant transmittance through metal films with fabricated modulation,
Proc Conf Computational Phys 2004, pp.250-253, September 2004, Genova, Italy.

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.

COLLABORATIONS:

Asymptotic analysis of collective phenomena in complex systems,
Oxford Center for Industrial and Applied Mathematics, University of Oxford, UK.

Statistical studies of meteorological time series,
University of Liege, Belgium.

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 & Electronics - Vietnamese
Academy of Science & Technology, Hanoi, Vietnam.
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LABORATORY

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

TOTAL STAFF: 10

RESEARCH SCIENTISTS: 5
Assoc. Prof. K.G. Grigorov, Ph.D.; T. Koutzarova, Ph.D.;

T. Merodiiska; T. Beneva; Ch. Ghelev.
Ph.D. students: S. Kolev; L. Slavov;
WFS guest scholarship student: M. Milanova, Ph.D.

RESEARCH ACTIVITIES:

1. Phase and structural particularities of
nanosized magnetic materials

The object of the work was spinel
ferroxide nanoparticles of Fe3O4 and
CuFe2O4 with Jahn-Teller octahedral
distortion. The particles were obtained via
a soft chemical process, with the particle
size being up to 10±2.5 nm for Fe3O4 and
6.5±1.5 nm for CuFe2O4. The shape of the
particles investigated was spherical. The
crystalline structure and shape evolution of
the magnetite particles were investigated
by XRD and TEM and compared with
properties of particles with larger size. The
deviation was observed of the octahedral
and tetrahedral voids size radii due to
Laplace pressure (LP) in the model spinel
structure (Fe3O4) as a function of the
particle size. The magnetic properties of
the particles were studied by means of
Moessbauer spectroscopy, SQUID
measurements and neutron diffraction. 
The experimental data showed that under
the action of the Laplace pressure, an
antiferromagnetic superstructure arises in
the spherical particle, where the forces of
exchange interactions are not sufficient to
maintain the spontaneous magnetic
moments ordering that is characteristic for
the fully built crystal structure of an edged
particle. These zones possess paramagnetic
properties, affect the magnetic moments
density (respectively, the magnetization

process), and depend on the temperature.
The structure at different temperatures
represents a compromise between a
ferrimagnet of the ordered Neel`s type and
independent sublattices with elements of
antiferromagnetic ordering (the sublattice
is divided into smaller substructures). This
was confirmed by the difficulty in
attaining saturation magnetization in these
particles. Moreover, this assumption
correlates well with the distinct para-
process observed in the LP and with the
strong dependence of М(Н) on the
temperature. The present study
demonstrated that the violation of the
ferrospinel�s cubic cell symmetry results in
a higher probability for the appearance in
the Laplace particle of non-colinearity in
the spin magnetic moments ordering.
A development of Kaplan�s model was
proposed in the case of tetragonal
distortion in the spinel lattice of spherical
CuFe2O4 particles for the energies of
collinear N and non-collinear ordering of
the Yafet-Kittel (YK) type (triangular
configuration) σYK. 

The model considers the spins�
deviations as a function of the radius
vector determining the position of the I-th
atom using real crystallographic structural
data.

∑ℑ=
k

YKYK kE )()(

where k is a wave-vector connected with
the elementary crystal cell (see Fig.1), а1�3
being the directions of elementary
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translation shown in Fig.1, lI (I = 1,2, 3)
can assume the values 0, ±1,�,±N. For
spherical and prolate-ellipsoid particles,
the demagnetizing factor function of the 
particle shape is reduced.

Fig. 1. Elementary translations in the spinel cell
and limiting zones in the LP volume for co-linear -
σN and non-collinear σYT magnetic moments
ordering

By means of Moessbauer
spectroscopy, the size limits were
determined for observing
superparamagnetic effects in nanosized
particles (particle diameter below 10 nm).
For the first time in the study of such
particles, integral low-energy Moessbauer
spectroscopy was applied to follow the
changes in the vacancies in the octahedral
sublattice of a nanostructured magnetite,
together with the depth of defects on the
particles surface. On the basis of our
studies on magnetic properties of oxides,
together with the S.U.P.R.A.T.E.C.S.
group of the University of Liege, Belgium,
the laboratory took part in the

SUPERMACHINES project (HPRN-CT-
2000-0036), financed by the European
Union.

2. Microwave absorbers
Methodology was developed for

modeling of multi-component composite
absorbers based in micron-size and
submicron-size fillers that were discretely
dispersed in a polymer matrix. The effect
was studied of the grain-size of magnetite
powders (average grain-size of 25 nm and
of 300 nm, mono-domain and poly-domain
structure, respectively) and of carno
powder (average grain-size of 4 � 6 nm). A
type Hewlett Packard 8756 A scalar
network analyzer was used for this
purpose. The microwave signal generated
(in the frequency region 1 � 20 GHz) was
incident perpendicularly with respect to
the surface of the sample, behind which a
�short circuit� was inserted.

The results obtained demonstrated the
possibility to control the MW absorption
by varying the sampel�s thickness and the
filler density. The use of particles with
different sizes led to a change in the width
of the absorption peak, i.e., in the
frequency band of the absorbing material.
Comparative studies of our absorbing
structures and of those provided by
EMERSON & CUMING, INC. were
conducted by Star-Gate Co., Sofia,
Bulgaria; these showed that are materials
are competitive by ensuring higher
absorption at negligibly narrower
frequency band.
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PUBLICATIONS:

1. Nedkov I, Tailhades P,
Nanoscale magnetic oxides and bio-world,
Heron Press Ltd., Sofia 2004, 233 pages.

2. Nedkov I, Kolev S, Zadro K, Krezhov K, Merodiiska T,
Crystalline anisotropy and cation distribution in nanosized quasi-spherical ferroxide particles,
Journal of Magnetism and Magnetic Materials 2004;272-276:1175-1176.

3. Nedkov I, Vandenberghe RE, Vissokov G, Merodiiska T, Kolev S, Krezhov K,
Phase and structural particularities of nanosized granular inverse spinels,
Phys Stat Sol (a) 2004;201:1001�1010.

4. Pajic D, Zadro K, Vandenberghe RE, Nedkov I,
Superparamagnetic relaxation in CuFe2O4 nanoparticles,
Journal of Magnetism and Magnetic Materials 2004;281:353-363.

5. Mathieu J-P, Cano IG, Koutzarova T, Rulmont A, Vanderbemden P, Dew-Hughes D,
Ausloos M, Cloots R,
The contribution of 211 particles to the mechanical reinforcement mechanism of 123
superconducting single domains,
Superconductors Sci Technol 2004;17:169�174.

6. Oliveira IC, Grigorov KG, Maciel HS, Massi M, Otani C,
High textured AlN thin films grown by RF magnetron sputtering; Composition, structure,
morphology and hardness,
Vacuum 2004;75:331-338.

7. Libardi J, Grigorov K, Massi M, Otani C, Ravagnani SP, Maciel HS, Guerino M, Ocampo
JM,
Comparative studies of the feed gas composition effect on the characteristics of DLC films
deposited by magnetron sputtering,
Thin Solid Films 2004;459: 282-285.

8. Kolev S, Vanderbeghe RE, Merodiiska T, Ghelev C, Nedkov I,
Structural particularities and magnetic reversal in nanosized BaFe12O19

Proc 5th Workshop on Nanostructured Materials Application and Innovation Transfer,
Balabanova E, Dragieva I (Eds), Heron Press Ltd 2004;76-79.

9. Nedkov I, Kolev S, Stavrev S, Dankov P, Alexsandrov S,
Polymer microwave absorber with nanosized ferrite and carbon fillers,
Proc IEEE Int Spring Seminar on Electronics Technology (27th ISSE 2004) 2004;577-579.

10. Dankov P, Kolev S, Alexandrov S,
Measurement of dielectric and magnetic properties of thin nanoparticle absorbing films,
Proc 17th Int Conf Electromagnetic Fields and Materials � EMFM-2004, 2004;89-93.
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11. Nedkov I, Merodiiska T, Slavov L, Ghelev C, Vanderberghe RE, Zadro K,
Surface Deviation in Spherical Nanoparticles of Fe3O4,
in Nanoscale Magnetic Oxides and the Bio-World, Heron press 2004, Nedkov I., Tailhades P
(Eds), pp 29-37.

12. Guerassimov N, Ghelev C (Eds),
Institute of Electronics Annual Report 2003, 187 p., Sofia, Bulgaria, 2004.

ONGOING RESEARCH PROJECTS:

Financed by the National Council for Scientific Research
Project ТН � 1-01/2003 Nano-structured for microwave and optical measurements.
MUF-1301 The effect of the ferro-magnetic resonance of nano-structured oxide fillers on the
properties of MW absorbers.

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

COLLABORATIONS:

Cnohmf deedbsr hm l`fmdshb bdq`lhbr `mc optical, gamma and microwave remote
characterization of dynamic small-size submicron-structured systems in life sciences and
industry,
University of Liege, Liege, Belgium.
M`mnrsqtbstqd edqqnwhcd onvcdqr enq ahnl`fmdshb `ookhb`shnmr+
Tmhudqrhsx ne Gent, Fdms+ Adkfitl-
Magneto-optical and microwave characteristics of nano-structured magnetic oxide thin films,
Institute of Radioelectronics, Russian Academy of Sciences, Moscow, Russia.

GUESTS:

Prof. R. Vandenberge from University of Gent, Belgium, Joint Research Project
�Nanostructure ferroxide powders for biomagnetic applications� between IE-BAS and Gent
University, Belgium, 14 days.
Prof. Ph. Vanderemden from University of Liege, Belgium, Joint Research Project �Doping
effects in magnetic ceramics� between IE-BAS and Liege University, Belgium, 1 week.
Dr. D. Lisjak from Iozef Stefan Institute, Ljubljana, Slovenia; 1 week (consultation on
microwave magnetics).

LABORATORY VISITS:

Prof. I. Nedkov � Paul Sabatier University, Toulouse, France, Nanostructure 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.
Dr. T. Koutzarova � University of Liege, Belgium; SUPERMACHINES project (HPRN-CT-
2000-0036; 3 months. 
S. Kolev �, XI International Summer School "Nicolás Cabrera"- Frontiers in Science and
Technology: �Magnetic Nanostructures�, Madrid, Spain, 5 days
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LABORATORY

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

TOTAL STAFF: 9

RESEARCH SCIENTISTS: 8
Assoc. Prof. N.M. Nikolov, Ph.D.; M. Taslakov, Ph.D.; P. Zubov, Ph.D.; B. Simeonova,
Ph.D.; A. Enikova; V. Ranev; L. Kokonchev; K. Markov.

RESEARCH ACTIVITIES:

1. Microwave amplifiers and oscillators

1.1 MW frequency-tunable source for
diode-laser modulation

The preliminary studies carried out by
means of standard MW equipment
demonstrated that the sensitivity
(resolution) of the optical magnetometer is
basically determined by the phase noise,
respectively, the spectral bandwidth of the
MW oscillator used for modulation.
Coupling the MW modulation source
directly to the diode laser results in a
substantial reflection of the incident power
necessary for efficient diode pump.

We proposed and studied both
theoretically and experimentally a novel
configuration of a MW source for diode
laser modulation. It is distinguished by a
narrower spectral line, as compared with
similar types of oscillators, and by a good
match between the diode and source,
leading to a decrease in the power needed
for efficient diode laser modulation. The
difference with the known MW oscillator
configurations consists in a feedback
implemented between the transistor�s
source and gate. Having selected suitable
feedback depth and phase, we achieved
reduction of the phase noise in the output
signal and improvement of the spectral
line. The transistor operates at a drain
current close to the one corresponding to
minimal noise, which further improves the
output spectrum. The oscillator exhibits

output power of 6 mW and spectral
bandwidth of 3 kHz at 3 dB.

1.2 Microwave amplifiers - 0.02-1GHz
We designed and studied

experimentally MW amplifiers of noise
signal with power -69 dBm and frequency
band 0.02 � 1 GHz. The amplifiers are
intended for operation in a system
providing gain greater than 113 dB and
output power of the noise signal 25 W. 

The main difficulty to overcome in the
implementation of such sensitive devices
with gain exceeding 40 dB is the
possibility of self-oscillation of the
amplifiers. With the purpose of avoiding
it, the gain is partitioned between three
stages; in addition, special emphasis is
placed on achieving low SWR at the input
and output and higher stability with
respect to self-oscillation. We
implemented the first two stages, which
show gain greater than 68 dB, output
power of about 0.75 mW in a frequency
band 1 GHz and gain non-uniformity
± 1.5 dB. The output amplifier with gain
46 dB and output power 25 W is at the
design stage.

2. New method for fast frequency
sweep of a pulsed laser

The possibility was demonstrated of
applying a pulsed distributed-feedback
(DFB) quantum cascade laser (QCL) for a
6 km long open-path spectroscopic
monitoring of ozone, ammonia, water
vapor and carbon dioxide. The thermal
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chirp during a 200 ns long excitation pulse
was used for fast wavelength scanning of
about 1 cm-1 in the spectral range 1043-
1049 cm-1. This tuning method has the
advantage of not being affected by the
atmospheric turbulence, which is essential
for long open-path measurements. The
intrinsic haze immunity of mid IR laser
sources is an additional important
advantage of mid-IR open-path
spectroscopy, compared with standard
UV-visible DOAS. The third major
advantage of this method is the possibility
to measure many more inorganic and
organic atmospheric species, as compared
with the UV-visible DOAS. The
sensitivity obtained for ozone and
ammonia of the order of 10 ppm.m
retrieved from the absorption spectra for
averaging times less than 1 min are
comparable with the UV DOAS values.
The open path of 6 km is covered using
average laser power of less than 0.2 mW,
which demonstrates the much higher
efficiency of the spectroscopy using a
narrow-band laser source, compared to
broadband ones as Xe lamps. Similar
distances are usually covered by using
high-end UV/visible DOAS employing
very high-power Xe lamps.

The possibility was also demonstrated
of using a pulsed distributed feedback
(DFB) quantum cascade laser (QCL) for
open-path data transmission. A pulsed, not
cryogenically cooled, QCL in the
1046 cm-1 range was used. The pulse
repetition rate was 100 kHz. In the
experiments, the current pulses driving the
laser were modulated with a low frequency
signal. Data transmission experiments over
460 m and 6 km open paths were
successfully completed. The pulse
frequency modulation technique was
chosen instead of the usual amplitude
modulation because of its high immunity
to amplitude noise and signal amplitude
changes caused by atmospheric turbulence
and aerosols. The demodulated signals are
characterized by low distortion, low noise,
high dynamic range and wide frequency

band, even for detected-laser-power
variation by a factor of more than a
thousand. The haze immunity of the Mid
IR communication channel was studied.
Despite the high aerosol optical density,
sufficient to suppress completely a probe
20 mW, 532 nm beam at a 5 cm distance,
no distortion in the IR transmission
passing 60 cm was observed. We were
thus able to demonstrate way the high haze
immunity of the mid IR data transmission. 

A custom-designed giant corner cube
retroreflector used for long open path
atmospheric gas spectroscopy was
optimized and fabricated. It has a clear
aperture of 350 mm and a possibility for
precise adjustment of mirror angles. A
vacuum technology for highly reflective
protected aluminium films was developed.
The average reflective coefficient of the
mirrors is 95%. This value is comparable
to the best commercially available
aluminium mirrors. The retroreflector was
successfully employed in open-path
spectroscopic air monitoring. The
amplitude of the signal increased by a
factor of ten, as compared with the case
when a commercially available
retroreflector was used. This improvement
allows one to minimize the averaging
time, thus opening up the possibility of
measuring the dynamics of air pollution.

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

Theoretical models were investigated
concerning the current consumed by
single-phase rectifiers and AC choppers
with elimination (or reduction of the
amplitudes) of some significant higher
harmonics, while maintaining the same or
higher power factors. On the basis of the
methods developed and on FORTRAN
program modules, the dependencies were
calculated of higher harmonics of interest
within the entire control range in view of
their practical application.
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The results estimated showed that the
elimination of the first more important
higher harmonics in the input current
curve of the converters studied (in case of
the same or higher power factors) yields a

considerable benefit when these models
are used in rectifiers and AC choppers.

An experimental high-frequency model
of an inverter was developed for use in
power supplies.

PUBLICATIONS:

1. Nikolov N,
Power factors of three-phase half-controlled bridge rectifier with leading of first current
harmonic,
PWM, E+E 2004;10-12:24-28.

2. Andreeva S, Biancalana V, Cartaleva S, Dancheva Y, Karaulanov T, Moi L, Petrov L,
Slavov D, Yanev A, Zubov P,
All-optical magnetometry based on coherent population trapping,
Proc 4th Int Conf Solid State Chemistry and State-of-the-Art Micro and Nano Technologies,
Kislovodsk, Russia, 2004, pp. 366-368.

3. Radeva E, Kolentsov K, Yurukova L, Zhechev D, Damyanova D, Zubov Зубов P,
Photoluminescent spectra of silicon-containing polymer films,
Proc 4th Int Conf Solid State Chemistry and State-of-the-Art Micro and Nano Technologies,
Kislovodsk, Russia, 2004, pp. 366-368.

4. Nikolov N, Tabakov S,
Power factors of a three-phase controlled bridge rectifiers system, 
Proc Nat Conf Electronics 2004, Sofia, Bulgaria, pp 310-315.

5. Jimenez R, Taslakov M, Simeonov V, Calpini B, Jeanneret F, Hofstetter D, Beck M, Faist
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Ozone detection by differential absorption spectroscopy at ambient pressure with a 9.6 nm
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Magnetic Nanostructures, Madrid, Spain, September 2004.
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8. Taslakov M, Simeonov V, van den Bergh H,
Ozone detection by quantum cascade laser single-pulse spectroscopy,
Proc XX Quadrennial Ozone Symp, Kos, Greece, June 2004, 1:603-604.
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LABORATORY

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

TOTAL STAFF: 3

RESEARCH SCIENTISTS: 3
Assoc. Prof. T. Uzunov, Ph.D.; D. Dechev; N. Ivanov

RESEARCH ACTIVITIES:

1. Preparation and investigation of
electrically-resistive Al-Si films

A method was developed for
preparation of electrically-resistive Al-Si
thin films deposited by magnetron
sputtering on flat glass, stainless steel
(Cr18Ni9T) and electrolytic copper. A
water-cooled planar magnetron cathode of
Al-Si alloy with a Si content of 10.92 %
was used. The dependence of the sheet
resistance of the films on the film
thickness was investigated. The
mechanical properties, micro-hardness,
Young�s modulus and plastic deformation
of Al-Si coatings deposited on copper and
stainless steel were studied. The influence
of the substrate type and the film thickness
on these properties was determined. The
results obtained can be applied to the
design of thin-film large-area heating
elements with high efficiency and
reliability.

2. Investigation of adhesion and
cohesion of chromium nitride coatings

CrN coatings were deposited on steel
(Cr12Mn) substrates by reactive
magnetron sputtering. The adhesion and
cohesion were qualitatively estimated by
scratch test. They were investigated as a

function of the substrate temperature in the 

range from 450 to 850 oC and the negative
substrate bias voltage from 0 to �200 V.
The increase of the substrate temperature
led to an increase of the cohesion and, on
the other hand, to a decrease of the
adhesion. The change of the bias voltage
from 0 to �200 V increased both the
adhesion (from 5.307 GPa to 5.996 GPa)
and the cohesion (from 3.204 GPa to 3.222
GPa), and generally caused an improved
adhesion of the CrN coatings to the steel
substrate.

3. Deposition of thin films of titanium
nitride and titanium dioxide 

This investigation was carried out
jointly with the laboratory �Vacuum and
Gas/Surface Interaction Physics� at the
Institute of Electronics.

TiN films were deposited by
magnetron sputtering on substrates of
instrumental steel. The mechanical
properties of the films obtained, adhesion,
hardness and Young�s modulus, were
examined and correlated to the deposition
conditions. The optimal deposition
parameters were determined in order to
deposit coatings on cutting tools with
better performance.

TiO2 films were deposited by reactive
magnetron sputtering on quartz resonators.
The aim of this investigation was to study
the possibilities for application of TiO2
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films as sensing layers in humidity-sensing devices.
PUBLICATIONS:

1. Djakov BE, Oliver DH, Enikov R, Vasileva E, 
Optical monitoring geometrical properties of plasma jets by chromaticity methods, 
 Proc 12th Int. Workshop Plasma Technology, Ilmenau, Germany, 2004, pp 111 � 118.
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Proc Nat Conf �Science, Engineering, Technologies, Education�, Yambol, Bulgaria, 2004,
2004;2:59-61 (In Bulgarian).

3. Uzunov T, Yordanov M, Ivancheva V, Krastev P, Ivanov N, Dechev D,
Mechanical characteristics of magnetron-deposited Al-Si thin films, 
Proc Nat Conf �Science, Engineering, Technologies, Education�, Yambol, Bulgaria, 2004,
2004;2:123-126 (In Bulgarian).

4. Uzunov T, Kashchieva E, Nikolov S,
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Proc ХХХІІ Nat Conf �The interdisciplinary approach to the education in physics�,
Blagoevgrad, Bulgaria, 2004, pp 30-36 (In Bulgarian).

5. Uzunov T, Ilieva N, Krastev P,
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Blagoevgrad, Bulgaria, 2004, pp 360-363 (In Bulgarian).

ONGOING RESEARCH PROJECTS:

Financed by the Technical University of Sofia

№ 468�16/2004 Preparation of Al-Si electrically resistive layers by means of magnetron
sputtering.

LECTURE COURSES:

Physics, Institute of Applied Physics, University of Bourgas, Bulgaria.

Physics of the Metals, Institute of Applied Physics, Sliven, Bulgaria.

Materials Science, Institute of Applied Physics, Sliven, Bulgaria.

Metal Layers, Institute of Applied Physics, University of Bourgas, Bulgaria.

Materials for Electronics, Institute of Applied Physics, Sliven, Bulgaria.
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OPTICAL CHROMATIC OBSERVATIONS OF ARC PLASMA JETS
WITH IMPROVED TEMPORAL AND SPATIAL RESOLUTION

B.E. Djakov, R. Enikov, D.H. Oliver, E. Vasileva 

1.Introduction 

The chromatic diagnostics [1-3] is a
simple method to estimate variations in the
spectral distribution of optical radiation
from an object. The output signals from a
small number of photo detectors (usually
three) with different spectral responsivities
provide information for monitoring
purposes. We have used such a technique
in our facility for plasma spraying [4, 5].
This included (Fig.1) an arc plasma torch
which generates a directed flow of high
temperature (about or over 10 000K) gas
for melting metallic or ceramic particles to
produce coatings on various surfaces. A
properly designed and tuned chromatic
sensing system [6] was capable of
detecting deviations from the normal
operating point as well as faulty situations. 

This particular chromatic system [6],
however, had a slow (about 0.1 s) time
responsivity and a spectral responsivity
mainly in the near infrared region. Both
responsivities somewhat limit the amount
of information obtained: it is known that
fluctuations on a scale ≈ 10-3 s are present
in this type of arc plasma jets [7], and that
the IR radiation is mainly due to the
particles [6] while the plasma spectral
signature in the visible region is strongly
dependent on the plasma forming gas, as
well as on plasma characteristics such as
temperature and pressure [4]. 

The aim of this project is to explore (i)
the potential of matrix sensor based
chromatic detectors, (ii) the use of an
alternative (visible light) wavelength
region for the particular case of plasma
spray monitoring and (iii) the potential of

the a.c. component of the chromatic
signals. 

Fig. 1. The arc torch facility for plasma spraying at
�Plasma Physics and Engineering� Laboratory

2. The chromatic sensing technique [1 �
3] 

The technique is based on a small
number (usually three) of broadband
photo-detectors having different wave-
length responsivities. Similar to biological
systems such as human colour vision the
responsivities have overlapping regions as
shown in Fig.2. If the spectral irradiance at
the system input is P(λ), the output of
detector i with responsivity Ri(λ) is 

V P R d
i i
= ∫ ( ) ( )λ λ λ

λ
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A three-detector system gives three
output signals r, g, b  (red, green, blue).
Thus the spectral information is
compressed i.e., for each plasma state,
represented by three numbers. These can
then be transformed to other chromaticity
co-ordinates using, for example, the
algorithms of colour science [8]. We use
the HLS scale [9] which describes the
optical signal in terms of Hue (an estimate
for the dominant wavelength), Saturation
(an estimate for the width of the input
spectral distribution) and Lightness (total
optical power). 

The values of H and S are independent
of L. Therefore, in comparison with other
techniques e.g. pyrometry, a chromatic
sensing system is less sensitive to
disturbances such as changes in the
intensity of the light input due to changes
in the transmissivity of the optical path, or
poor signal-to-noise ratio. 

3. Chromatic sensing based on imaging
of the plasma jet 

Previous work [6] has been based on
recording the radiation from a particular
location within the plasma jet using a
�single-pixel� detector with �integration
time� (exposure) of about 0.1 s. Here we
present the first attempt to use a multi-
pixel (matrix) detector with exposure 10-

3 s. 

a b
Fig. 2.  Spectral   responsivity   of   photo-detectors
a � single-pixel PD, b � matrix PD 

3.1. Experiment 

A chromatic monitoring system based
on a 640×480 pixel2 colour matrix photo

detector (The Imaging Source DFK21F04)
was used along with our standard �single
pixel� photo detector (Maztec). The
responsivity of both photo detectors to the
primary colours was nearly identical
(Fig.2). 

The plasma equipment was based upon
a d.c.arc plasma torch and has been used
for plasma spraying mainly of three types
of coatings (i) protective layers (e.g. tools
for machining) (ii) ferromagnetic layers
(iii) high temperature superconductive
layers, see for example [5]. 

A real, side-on image of the plasma jet
was produced upon the DFK21F04 matrix
by a long focal length lens. One pixel
distance of the image corresponded to
0.24 mm of the object. 

We used a torch with a conical
zirconium cathode at the upstream end,
and a cylindrical or convergent nozzle
serving as an anode. The gas, air, was fed
into the torch azimuthally. The nozzle
diameter was 6 to 8 mm, gas flow rate
3000 to 5000 s.litre/hour and electric
power 20 to 40 kW. In some experiments
abrasive-resistant, NiAlBSiCFe-alloy
powder was injected into the plasma jet
with size of particles ≤ 100 µm, density
≈5.5 g cm-3 (particle), 3.9 g cm-3 (powder),
powder flow rate 0.12 cm-3s-1. 

3.2. Results 

Each record was taken under fixed
experimental conditions, with exposure
time 1/512 to 1/2048 s, interframe time 0.2
�0.5 s and duration ~ 10 seconds. 

Fluctuations were always present in
both geometrical and chromatic
characteristics of the plasma jet. Typical
frames are presented in Fig.3. 

3.3. Jet geometrical parameters
 

Three parameters were deduced from
images such as in Fig.3a: length and width
of the luminous part of the jet as well as
angle of jet axis with reference to the axis
of symmetry (defined by the nozzle axis). 
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For G = 4000 s. litre/h, I = 120 A,
without powder we obtained time averaged
values: length 90 mm, width 15 mm.
Statistical details concerning the

fluctuations were also obtained, e.g.
angle/length correlation (Fig.4). 

 

b

a c

Fig. 3. Images of a plasma jet: (a) - without powder particles at different times (exposure 1/512 s); (b, c) - with
powder particles (exposure 1/2024 s): (b) � cylindrical nozzle, (c) - convergent nozzle
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Fig. 4. An example of dependence between
fluctuations of jet angle and length (units
ang.degree, mm)

4. Simulation of the �single pixel�
chromatic technique 

4.1. Method of simulation

Our simulations were made in three
steps. 

First, integration over a 12 x 12 pixel2

area positioned axi-symmetrically and with a
centre 96 pixels away from the nozzle. Note
that integration with respect to wavelength is
hardware embedded (photo detector
responsivity), while all other signal
processing is computer simulated. 

Second, statistical processing was
performed to find mean values and deviations
from these for a sequence of frames within a
�single record� (see subsection 3.2). 

It was then stipulated that such mean
values represent a �time-averaged signal�
from chromatic detectors and the deviations,
the a.c. components of the chromatic signals. 

As a third step, conversion to the HLS
chromaticity space was performed. 

4.2. Results 

Eleven sequences containing about 100
frames each were processed, the main results
being summarised in Table 1. The sequences
have been recorded under different
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experimental conditions (columns 1 to 3
of Table 1). 

The time-averaged chromatic
parameters, HLS, correlate with arc
current and gas flow rate (Fig.5). 

Three case studies were made on
the time variations of chromatic

parameters, with the input parameters (arc
torch regime, camera setting) given in Table
2. No powder was injected to the plasma jet.
For case 1, the chromatic parameters depend
on time as shown in Fig.6 

Table 1. Typical average primary colour signals and standard deviations for different torch regimes (plasma jet
without powder) 

Input (arc torch) parameters Output (chromaticity) parameters

FLOWRATE
s. litre/hour

CURRENT,
Amperes

VOLTAGE,
Volts

r Std r g Std g b Std b

4000 160 200 46.6 1.75 28.2 4.0 31.3 4.4
4500 200 205 46.1 1.59 29.3 4.8 28.3 4.5
4500 210 205 44.8 0.87 30.2 6.9 10.6 1.2
5000 210 210 47.5 2.27 118.1 9.3 14.7 5.0
4800 220 200 45.4 1.64 14.2 3.3 10.9 0.6
5150 220 205 56.7 4.63 77.9 5.6 12.0 2.7
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Fig.5. Variation of chromatic parameters with current and flow rate

Table 2. Experimental conditions for the dynamical measurements of chromatic parameters 

CASE # ARC CURRENT,
Amperes

GAS FLOW RATE,
s. litre/hour

EXPOSURE,
seconds

1 220 5150 1/1024
2 160 4000 1/2048
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3 200 4500 1/2048

G=5150 l/h, I=220A, no powder

40 45 50 55 60 65
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Fig. 6. Time variations of chromatic parameters: (a) � primary colours, top trace is 10 times b, middle g, bottom
r;  (b) � top trace is H (radians), middle L, bottom S 

Table 3. Statistical results of the case studies 

CORRELATIONCASE # Mean, Standard deviation
H vs S H vs L S vs L

1       H = 75 ± 19
      S = 0.73±0.09
      L = 46 ±15

0.26 0.50 0.74

2       H = 348 ± 30.5
      S = 0.24±0.1
      L = 38 ±9

0.06 ~ 0 0.71

3       H = 373 ± 43
      S = 0.247±0.18
      L = 41.5 ±11

~ 0 0.35 0.94

Some statistical characteristics of
the measured data were calculated and
compiled in Table 3. 

The applicability of the a.c.
component of chromaticity signals for
monitoring and control needs further
analysis. Up to this point it is certain
that there are changes of fluctuation
level depending on the operating
conditions, and there is no significant
correlation between H and S which
might have easily undermined the
method as shown earlier [6]. 

6. Conclusion 

Not only the near-infrared/red but
also the entire �visible light� part of the
spectrum of the plasma-jet radiation is

suitable   for   monitoring   and   control 
purposes. The d.c. component (time averaged
photo detector signals) provide a chromaticity
output that is well discernable as regards
deviations from operating conditions proper.
In addition, the a.c. component of the signal
(time resolution of about 10-3s) may also be
useful. 

Such preliminary investigations with a
particular chromatic detector can help build a
custom tailored, dedicated system for
monitoring. 

This work has been carried out under a
contract from the Royal Society, UK, with
cofunding from the National Scientific
Research Council of Bulgaria. 

Special thanks are also due to our
colleagues from the Centre of Intelligent
Monitoring Systems � University of
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Liverpool, UK, for their ceaseless
support throughout the last ten years. 
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SP4. Task 4.2. Development of 
microwave filter device: Introduction 
 

The research activities of the Project 
team during 2004 were focused on the 
design, fabrication and testing of the HTS 
narrow pass-band filters. 

The structures of the filters that have 
been chosen for our investigations are 
shown on Fig. 1: (A) - multiple coupled 
λ/2 resonator filter, (B) - the quasi-lumped 
element filter. The filter shown on Fig. 
1(A) is one of the most investigated 
because of its simplicity concerning both 
design and realization. The base elements 
are parallel resonators, often 5 or 7, but the 
use of such number of filter electrodes 
leads to the need of a longer substrate 

 

(covered with HTS film). As a 
compromise between the expected 
characteristics of the projected band-pass 
filter and the substrate length, the designed 
filter has 4 electrodes, two of which are 
with a strip for the electrical connection. 
The filter variant, shown in Fig. 1(B) is 
performed using quasi-lumped elements: 
meander-gap capacitor and short micro-
strip line (electrodes) as inductance. An 
important requirement of this type of 
filters is that they need photolithography 
with higher resolution (higher than 1 μm). 
Conditions for that kind of lithography 
were not available to the project team. 
Therefore the structure will be a target for 
future investigations and development.

 
 
 
 
 
 
 
 

 
Fig. 1.Filters experimentally implemented: (A) multiple coupled λ/2 resonator filter, 

(B) - the quasi-lumped element filter. 
 

SP2. Task 2.3. Lithography process 
development 
 

Double-side YBa2Cu3O7-x thin films of 
thickness 600 nm (covered with 200 nm 
gold layers), deposited by E-beam on 
substrates of LaAlO3 were provided for the 
design of microwave pass-band filters. 
Critical current density was 2.5 - 2.7 
MA/cm2. Samples were cleaned (when 

needed) with C2HCl3 and acetone. Then, 
before resist depositions, they were baked 
at temperature 90 C for 20 min.  

The deposition of the resist thick 
protection layer on the backside was 
carried out by sprinkling and extracting 
surplus by means of filter-paper. Better 
results were obtained with negative 
photoresist LSI irradiated for good 
protection. At the resist spinning on the 
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sample front side, the protective layer is 
not damaged from resist moved on the 
back side at these conditions. The sample 
stays at room temperature for 15 min for 
preliminarily drying, then it is placed in a 
chamber at 60 C for drying. This coverage 
is applied two times. The front side can be 
cleaned with acetone and drying (the 
protective layer is not influenced by 
acetone). 
 

 
 

Fig. 2 a. Micro-photography of the developed 
image in photo-resist of a metallisation contact 
line(width 0.17mm) originated from end of the 
filter electrode. 
 

     
 

Fig. 2 b. Filter gold thin film electrode after the 
optical lithography executing 
 

After that was done the deposition of 
the resist on the sample front side. The 

deposition was carried out by spinning at 
1200 rpm (for about 40 sec.). Positive tone 
photo-resist AZ1350 was used for photo-
lithography of the desired image on the 
front side of the sample. After that a heat 
treatment at 70 C for 25 min was applied. 
Exposure was done for 60 sec (50 sec was 
find as nominal time). 

The developed image (Fig.2a, 2b and 
Fig.3) was with edge non-uniformity less 
than 5 μm, that is good for target purpose. 
In the periphery one can see an increase of 
resist that do a typical defect. A wider end 
of the line (about 35 μm wider and with a 
length of order of 70 μm). 

The developed image in the resist layer 
was transfer in the gold covered YBCO 
film by wet etching. As first operation 
etching of gold layer with standard (KJ+J) 
water mixture was done. Etching of the 
YBa2Cu3O7-x was done by phosphoric acid 
and water mixture at 1:60 proportion. The 
process was visually controlled. The 
etching front was clearly visible. The 
substrate had a transparent grey colour 
instead near to the black colour of YBCO. 
The process of etching had duration of 110 
seconds. 
 

 
 

Fig. 3. An example of an YBCO electrode of the 
filter, covered with Au film, micro-structured by 
photolithography. The electrode width is 1.2 mm 

 
After that a microscope control can be 

apply. In the case of small pixels of not 
fully etched layer exist a second etching 
for 3-5 second in phosphoric acid and 
water mixture can be done. The image 
going to be better, but under-etching of 
YBaCuO on about 6μm is added. The 
dimension of electrodes and contact lines 
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and of photo-mask used are of this order 
different. 

All processes of development and 
etching are executed at room temperature. 
The resist removal was done using C2HCl3 
(of LSI) and acetone (of AZ1350). 
 
SP4. Task 4.2. Development of 
microwave filter device: Design and 
measurements 
 

We start the design of the filters with 
the selection of the CAD tools with the 
respect to the accuracy of the simulated 
performance. For this purpose, we have  
designed, built and tested above mentioned 
filters using normal-metal (Cu) films, 
deposited on a substrate with dielectric 
constant of 2.44 and loss tangent of .001. 
The simulated and measured transmission 
coefficients (S21) of the multiple-coupled 
transmission lines filter are given in Fig. 
4a,b. The simulation and optimisation is 
performed using Super Compact in 
Microwave Harmonics. The transmission 
losses less than 6 dB has been achieved in 
band-pass of 50 MHz (1%) without 
additional tuning. The same measured 
characteristic of the quasi-lumped element 
filter is presented in Fig. 5. The measured 
response at 77 K is also shown (left 
curve). In this case the llosses in pass-band 
are improved with 2 dB. The small shift of 
the central frequency to a lower frequency 
is because the filter was mounted in the 
box which is not hermetically sealed and 
liquid nitrogen changes the dielectric 
constant above the filter space. The 
simulated S21 is very close to the 
measured one. 

The obtained results allowed us to 
continue with the design and fabrication of 
the HTS version of the multiple coupled 
transmission line filter. In Fig. 6 
theoretical transmission (S21) and 
reflection (S11) losses are plotted. The 
design is performed for a double side HTS 
plated LaAlO3 substrate. The thickness of 
the YBCO films is .6μm. The surface 
resistance Rs is 0.0005 Ώ at 5 GHz. The  

 
 
Fig. 4a. Calculated band pass filter, shown on Fig. 
1 a 

 

 
 

 
Fig. 4 b. Measured characteristic of band pass 
filter by Cu (design Fig. 1 a) 

 

 
 

Fig. 5. Measured characteristics of quasy - lumped 
element filter (see Fig. 1 b) with electrodes, made 
by Cu 

 

 
 

Fig. 6. Theoretical transmission and reflection 
losses 
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losses in a narrow pass-band – 10 MHz 
(0.2 %) are less than 0.6 dB, which is a 
very good result. The filter pattern was 
performed using standard contact 
photolithography (see upper part of the 
report - SP2. Task 2.3). 

The main difficulties in a fabrication of 
HTS filters are associated with the 
packaging - electrical, thermal and 
mechanical problems when the device is 
cooled. The mounting of the substrate into 
the box must to provide good electrical 
contact of the button substrate film to the 
ground plane without any mechanical and 
thermal substrate surcharges. Gold layers 
(200 nm thickness) have been deposited 
under the HTS films and the electrical 
contact was performed by using a pressure 
of the substrate to the ground plane. Other 
problem is hermetically packaging of the 
devices in dry N or Ar ambient. We do not 
have technical possibilities to do that and 
the measurement was performed with not 
hermetically sealed box or at use 
hermetically sealed box in vacuum. 

 
Fig. 7. Container with liquid Nitrogen for 
measurements and storage of YBCO covered filter 
device 

The measured transmission and 
reflection performances (S21, S11) of a 
preliminary variant of the designed filter 
are shown in Fig. 8. The filter was 
characterized using an HP 8510B 
microwave network analyzer. As can be 
seen, the bandwidth (about 0.3%) and the 
rejection out-of-band are in good 
correspondence with the theoretically 

predicted results. The shift of the central 
frequency to a lower frequency may be  

 
Fig. 8. Experimental transmission and reflection 
characteristics of HTS filter 
 
explained with the fact that the relative 
dielectric constant of the substrate of 
lanthanum aluminate is known with not 
enough accuracy (It may varied from 23.4 
to 25). The pass-band loss is 5 dB, which 
is with 4.5 dB more then simulated one. 
The accuracy of calculation of the 
bandwidth and reflection values is good.  

The further  studies were focused 
ondecrease the losses in the filter band 
pass frequencies. For the viewing of the 
reason for the observed transmission 
losses elevation, was measured unloaded 
quality factor of resonators (Qu). On that 
base was calculated surface resistance (RS) 
of the YBCO film with deposited on his 
surface Au thin film of thickness 200 nm. 
The measured values was Qu = 1200 and 
RS = 3 mΩ. The higher about 10 times 
value of measured RS in comparison with 
known RS of the YBCO film demonstrate 
the penetration of microwave field in the 
gold layer and that is the reason of the 
elevated transmission losses of the filter. 
After mastering filter with removed Au 
film the Qu = 12000 that give a value of 
sheet resistance RS=0.3 mΩ (See Fig. 9).  

 
Fig. 9. Resonator characteristics 

In the Fig. 10 and Fig. 11 are shown 
the measured characteristics of the filter-
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transmission S21 and reflection S11 of a 
new filter without Au thin film as 
protector. The pass band is 17 MHz 
/0.35%/ at losses 0.5 - 0.6 dB and ripples 
+/- 0.3dB. The characteristics obtained are 
in good agreement with these of 
simulation. 

 

 
 

 
 

Fig. 10 a,b. Transmission characteristics of the   
HTS filter 

 
SP3. Development of base structure. 
Task 1. Stripes with contacts. 
 

These structures were done by photo-
lithography. The total view of photo-mask 
of the experimental base structures 
containing 6 sub-areas images of three 
stripes (bridges) each, every of which have 
two pairs of contact pads (2 for input of 
the current and two for voltage 
measurement) is shown in Fig. 12. It is 
shown also one sub-part of the structure in 
Fig. 13 as well as the mask for free of gold 
sub-areas – Fig.14. The samples are from  

 

 
Fig. 11a. Transmission characteristics 
 

 
 
Fig. 11b. Reflectance characteristics of the HTS 
filte 
 
10x10x0.5 mm3 of MgO covered by 
YBaCuO thin film (of 300 nm thickness),  
covered with Gold thin film of 200 nm 
thickness. 

The width of the bridges (stripes) wide 
is increased from one to another bridge (in 
the region from 5 to 35 μm). Fig. 15 shows 
a 5 μm strip (bridge of 5 μm width). Fig. 
16 shows the views of whole experimental 
base structure after photo-lithography 
treatment. Measured VA characteristic of a 
bridge (MI3-5) of 15μm width is shown in 
Fig. 17a. This characteristic of bridges of 
30, 25 and 10 μm width is shown in Fig. 
17b,c,d, respectively. The experimental 
points are collected by left to right. At the 
beginning a normal resistivity of the 
bridge material (YbaCuO) occurs, but 
decrease of the current through the bridge 
temperature of the bridge area also 
decrease and at coming to Tc 
superconductivity state is starting and 
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voltage drop on ends of the bridge become 
zero value. This continues  

 
Fig. 12. Layout of photo-mask 
 

 
Fig. 13. Substructure with 3 bridges 
 

 
Fig. 14. Areas for gold layer removal 
 
to current increase at which the critical 
current density is reached. The 
experimental evaluations of the critical 
current density of the HTS film after all 
technology operations give value Ic = 7-7,5 

MA/cm2, that can be extracted from these 
characteristics. Than normal resistivity and  

 
 
Fig. 15. Bridge of 5μm width after photo-
lithography 

 
 
Fig. 16 a. Total view of one of the experimental 
structures. Numbers of substructures shows 
direction of the increase of the bridge widths 
 

 
 
Fig. 16 b. View of an other base structure after 
photo-lithography 
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Fig. 17 a. Voltage-current (VA) characteristics of a 
HTS bridge of 15 μm width 

 
Fig .17 b. VA characteristics of HTS bridge of 30 
μm width 

 
Fig. 17 c. VA characteristics of HTS bridge of 25 
μm width 

 
Fig. 17 d.. VA characteristics of HTS bridge of 10 
μm width 

heat generation in the bridge material take 
place. This lead to shown decrease of the 
currents on right part of VA characteristics 
- the normal resistivity part come to 
similar to the left resistivity part of the 
characteristics. 

In order to obtain weak-linked HTS 
structure a perpendicular narrow line can 
be mastered crossing the HTS bridge. The 
perpendicular lines of the HTS bridges are 
mastered using electron lithography in 
AMICA-Germany. The used electron 
resist was PMMA of 450 nm thickness. It 
was exposed 4 different line widths: 5, 
100, 300 and 1000 nm with 4 different 
doses for every line width. The samples 
were developed in mixture of H2O and 
IPA 3:7. Etching was done by Ar ions 
flows of energy 5 keV for 5 min. After the 
obtaining of the desired HTS thin film 
bridge structure contacts with every 
covered with Gold layer contact pads were 
done. In cooled state of the sample with 18 
bridges the voltage-current (VA) 
characteristics of the every bridge were 
measured. For that various current values 
through the current contact pads of every 
bridge were passed and respective voltage 
drop on the voltage pads in bridge 4-point 
measurement system were determined. 
 
SP3. Development of base structure. 
Task 2 - Weak link structure. 
 

The same bridges (the base structure) 
with added etched a perpendicular line 
aiming to obtain weak-link structures are 
shown in Fig.18a,b and Fig.19(a-d). The 
triangles near to the bridge are a reper for 
rough choice of perpendicular line place. 
Our first experiments shows, that width of 
the mastered perpendicular to bridge lines 
is too big (wide) if one compare it with the 
coherent length of tunneling of the 
superconducting pairs, that are responsible 
for superconducting state of the film. In 
the case of the width of the perpendicular 
lines of order of studied range of the 
widths (300- 2000 nm after etching) no 
bridge conductivity were  
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Fig .18 a. View of one of bridges structure after 
lithography of perpendicular narrow line 

 

 
 

Fig. 18 b. View of bridge after lithography of 
perpendicular narrow line to the bridge strip 

 

 
Fig. 19 a. Line 0,37μm done by EBL 

 
Fig. 19 b. Line 0,83 μm done by EBL 

 
Fig. 19 c. Line 1.02 μm done by EBL 

 

 
Fig. 19 d. Line 1.39 μm done by EBL 

 

 
Fig. 20. Line etched profile - the end of etching is 
done before full thickness of the bridge to be etched 
 
observed. That was reason to stop the 
etching of the lines before etching process 
to come the line bottom (see Fig. 20). In 
that case the current density through that 
local part of the HTS bridge is some time 
bigger, than the current density through 
the rest part of the bridge strip and the 
critical current value become smaller. 

The measured characteristics of such 
weak-linking bridges are shown on Fig.21. 
The all measurements are at temperature 
of liquid Nitrogen. Fig. 21a is the whole  
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Fig. 21 a. VA characteristics of the weak linked 
bridge of 30 μm width. The perpendicular line is 
wide 100nm. Filled circles • are the experimental 
points in the case with irradiation; filled rectangles 
are the VA characteristics points in the case of a 
non-irradiated bridge. 
 
 

 
Fig. 21 b. Multiplication of part of VA 
Characteristics shown on Fig. 21.The filled circles 
and rectangles are as on that figure- respectively 
for irradiated and non-irradiated bridge weak-
linked structures 
 
 
 

 
Fig. 22. The transition between the 
superconducting state and the normal resistivity 
state of a bridge weak linking structure (width of 
the bridge is 35 μm and the width of the 
perpendicular etched line is 100nm). The points 
meaning is as in Fig. 21 

voltage-current (VA) characteristic of a 30 
μm bridge with a perpendicular line that is 
etched through not the full thickness of the 
HTS strip. Fig. 21b is magnification view 
of the transition from superconducting to 
normal part of the VA characteristics of 
this bridge. The same characteristic of a 
bridge (35 μm width) is shown in Fig.22. 

The performed weak link structure will 
be studied deeply probably in a further 
Bulgarian-Greek project, application for 
which have been done.  

After such detail studying the 
accumulated new knowledge will be a 
base for design of more complicated 
structures of sensors and microwave 
devices. 

 
SP4. Task 2 - Development of HTS 
resonators 
 
1. Tunability of Pancake coil resonators 
Pancake coil resonators made from YBCO 
films are characterized by low 
electromagnetic losses and are suitable for 
application in microwave passive devices. 
In the previous period some planar spiral 
resonators with functioning frequencies 
560-1580 MHz and quality factors more 
than 5000 (at 77oK) were elaborated and 
investigated. Tunability of the resonance 
frequency is very important for a practical 
application of the resonators, especially, in 
the case when such resonators are used in 
the filter devices. Here we investigated one 
of the simplest ways to achieve the 
tunability of such resonators. A LAO 
dielectric piston placed near the resonator 
was used for this purpose.  The dielectric 
piston affects the resonator effective 
capacitance and the resonance frequency. 
Therefore the resonance frequency 
(Fig.23) can be tuned by changing the 
distance between the piston and the 
resonator (Mechanical tuning of the 
frequency). Dependence of the frequency 
of a spiral YBCO resonator prepared on 
10mm x 5mm x 0.5mm LAO substrate on 
the position of a LAO piston of the same 
dimensions, obtained at 77o K, is shown in 
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Fig.24. It can be seen that the dielectric 
piston provides a quite wide band of the 
tunability of the frequency ~120 MHz. The 
quality factor of the resonator remained 
more than 2500 in presence of the 
dielectric piston for all considered 
frequencies. Thus, pancake coils combined 
with mechanically tunable dielectric 
pistons are quite prospective for using 
them in high-quality tunable filters. 
 

 
Fig. 23. Transmission characteristics of spiral type 
1resonator 
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Fig. 24. Frequency tunability of a pancake coil 
resonator of spiral type 
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Fig. 25. YBCO micro-strip resonator 
configurations of ring and ellipse types and 
schemes of alteration of YBCO, LAO, YIG and Cu 
layers in the structures of A- and B- types 

2. Improving of the parameters of YBCO 
components by annealing in O2 
atmosphere. 
YBCO films are exposed to external 
conditions during a device fabrication 
process. This frequently leads to diffusion 
of oxygen out and to worsening of the 
device parameters. Therefore, some 
resonators, fabricated from YBCO films of 
good qualities and demonstrating low 
value of the quality factor were annealed at 
500ºC in 0.9 O2 atmosphere. Annealing 
time was about 2 h. This procedure leads 
to a significant improving of the 
characteristics of the resonators. For 
example, an increasing of Q-factor from 
733 to 1200 (T=77 K) (the resonance 
frequency f0=580 MHz) was observed for 
a spiral resonator (which was treated two 
times for prebaking procedure of the 
resist). Another micro-strip resonator, 
prepared from a double sided YBCO film 
with gold film protection (treated with 
postbaking 120oC procedure), 
demonstrated a “record” improvement of 
its parameters and its quality factor 
(Q<100, f0=4.75 GHz at 77K) reached 
Q=3587 after such an annealing procedure 
instead of the gold layer protection. 
 
3. Magnetically tuneable resonators 
 
In order to provide the tunability of the 
resonators operate in higher frequencies 
(~3 – 6 GHz) the microwave transmission 
characteristics of the HTS micro-strip 
resonators (of ring and ellipse types) 
containing magnetic components were 
investigated at 77 K.  Magnetically tunable 
resonators are suitable for building the 
tunable filters. YBCO thin films were 
deposited on LAO substrates and patterned 
out using the technologies developed in 
the framework of the Project. A 0.5mm 
thick polycrystalline plate of Yttrium Iron 
Garnet (YIG) served as a ferrite 
component. Schemes of alteration of 
layers in resonator structures of A- and B- 
types (where the ferrite component is 
placed between the YBCO electrode and 
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the Cu ground plane or on the top of the 
YBCO electrode, respectively) are shown 
in Fig. 25. The resonance frequency f0 and 
the quality factor (Q-factor) of the ring and 
ellipse (with a LAO spacer and a Cu 
ground plane and with no ferrite) resonator 
structures were 3.698GHz, 5.15GHz and 
2700, 1300, respectively. 
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Fig. 26. Microwave transmission characteristics of 
HTS YBCO microstrip ring resonators of types A 
(26a) and B (26b) with a polycristalline YIG ferrite 
component. Values of the tuning magnetic field 
induction are μ0H =0, 1.5, 4.3, 18.3, 30, 40.3, 52 
mT (a) and μ0H = 0, 4, 16.5, 28.2, 35, 41.5, 50.5 
mT (b 

 
The ferrite component leads to a 

decrease of Q-factor of the resonators and 
to a resonance frequency f0 dependence on 
the magnetic field induction m0H (Fig. 
26). A change of resonance frequency f0 
in the range of up to ~300 MHz is possible 
when external magnetic field m0H~50mT 
is applied to the structures. Some decrease 
of the resonator quality factor is observed 
with increase of the field strength H. Such 
a decrease is due to a radiation of the 
stored energy of the resonator to the ferrite 
medium. The considered ring resonators 
can be successfully used for microwave 
application in field range 0-20mT (Figs. 

26a,b as a change of Q-factor is small 
there and tunability of the resonance 
frequency of ~100MHz can be achieved. 
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Fig. 27. Microwave transmission 
characteristics of YBCO microstrip elliptic 
resonators of types A (a) and B (b) with a 
polycristalline YIG ferrite component. Tuning 
magnetic field induction values are μ0H =0, 0.9, 
2.2, 5, 11.7, 32.5, 35.8 mT (a) and μ0H = 0, 1.1, 
2.2, 5, 11.8,21.4,30.3, 37.4mT (b). 

 
Characteristics of HTS YBCO elliptic 

microstrip resonator structures with a YIG  
ferrite component measured at 77 K are 
shown in Fig. 27. Because of higher 
resonance frequencies, these resonators 
interact more weaker with a YIG ferrite 
component, and external magnetic field 
affects more weaker the resonance 
frequency and the quality factor of the 
structures, as well. The magnetic tunability 
is small (only about 10 MHz) and the 
quality factor is high (Q>1000) if the 
ferrite is placed on the top of YBCO 
electrode (Fig. 27 b). This is due to the 
fact that the microwave field is highly 
concentrated between the two electrodes in 
elliptic resonators (the fringing magnetic 
field is small in the ferrite area in such B-
type structure) and no effective 
transmission of electromagnetic energy 
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from the resonator to the ferrite is possible. 
So tuning of the resonance frequency in 
range of ~100 MHz without a significant 
damage of the quality factor was 
demonstrated at magnetic field 0 - 20 mT 
for the ring resonators at 77 K Elliptic 
resonators were characterized by narrower  
unability range, higher resonance 
frequency and quality factor. Such 
resonators can be used for building the 
filters with the tunable central frequency 
or the tunable frequency band. 
 
SP4. Task 2 - Development of HTS 
sensor devices 
 
Single coil bolometer 
 
HTSC bolometer based on the third 
harmonic generation has a great advantage 
before the standard four point 
measurement scheme, because needs no 
leads to the sensing element. This feature 
helps us to minimize the thermo-
conductance to it and thus increase the 
sensitivity. Further develop of this idea is a 
single coil bolometer. The only source of 
third harmonic is the current flowing in the 
HTSC layer. In the transition zone close to 
the critical temperature it is strongly 
nonlinear, containing only odd harmonics. 
This nonlinear current induces odd 
harmonics voltage in every nearby situated 
coil – the driver coil inclusive. The third 
harmonic inducted in the driver coil can be 
separated from the driving first harmonic 
by a lock in devise. So we don’t need a 
separate receiver coil – the driving coil act 
as a receiver in the same time. The electric 
scheme of the single coil operation in the 
third harmonic mode is shown in Fig. 28. 
As the total impedance of the coil is much 
less than 50 Ohms the functional generator 
acts as current source at the fundamental. 
Frequency cosine and sine components of 
the third harmonic are picked up by the 
lock in (model SR530 delivered with 
financial support of this project). 

A new moment in the present version 
is that we are using a pancake coil, with  

FUNCT.
GENERAT.

LOCK
IN

Ri L
 

Fig. 28. The electric scheme of the single coil 
operation in the third harmonic mode 
 
height and distance to the HTS sample 
much less than its diameter. In any 
geometry, when the height and distance to 
the HTS sample much less than the coil’s 
diameter the current inducted in the 
sample current mirrors the spatial 
distribution of the coil’s current. In the 
pancake coil the current is distributed 
constantly across the radius so the SC is 
sample much less than its diameter. In any 
geometry, when the height and distance to 
This sharpens the transition between the 
case, when inducted current is less than the 
critical and the magnetic field screening is 
full and the case when the critical current 
is reached, and the screening can’t increase 
further. In our case the transition zone 
between the normal and superconducting 
states is less the 0.5 K as can be seen from 
Fig. 29.  
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Fig. 29. Transition zone between the normal and 
superconducting states 
 

The experiments were carried out in a 
cryostat shown in Fig.30. We had no 
automatic temperature control and by this 
reason the direct measurement of the 
bolometer’s sensitivity was impossible, 
because the method needs sustaining a 
fixed temperature in the transition zone. 
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For that reason the procedure was indirect. 
We cool the thermostat down to 77 K and 
leave it to heat slowly to room 
temperature. In this pass we trace the 
cosine and sine components of the third 
harmonics. The result is shown in Fig. 29. 

A simple theoretical model predicts 
similar behaviour of these signals. For the 
cosine component the model predicts only 
positive signal. A small negative peek at 
the end of transition zone probably is due 
to small variation of the reference signal 
face. For the four contact measurements 
the same model predicts the same form of 
the cosine signal and zero for the sine 
signal. This is an additional advantage of 
the contact-less scheme, because the sine 
signal goes through zero in the middle of 
the transition zone with high slope and 
measurement in this point is very sensitive 
to small variations of the temperature 
caused by the radiation being measured. 
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Fig. 30. Cryostat, in which the experiments were 
carried out 
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Fig. 31. Cosine signal variation in different mode 

In Fig. 31 the cosine signal variation is 
shown in different mode. Measures to 
slow down the speed of heating has been 
taken. Initially (at 77 K) an infrared beam 
is set upon the bolometer. When the 
temperature reached the transition zone a 
metal shutter stopped this beam. A deep 
decease of the signal was observed 
immediately after shutting the beam. This 
demonstrates the bolometer sensitivity to 
the far infrared radiation. 

Several ways for optimizing the 
bolometer performance can be proposed. 
First of all a thermo-stabilization (within 
0.1 K) is necessary.  

The operating frequency should be 
raised up as much as possible. The 
received signal is proportional to 
frequency up to the first parasitic 
resonance of the coil – this is presumably 
tens of megahertz. In the reported case the 
frequency is standard – 1 kHz. 
Further increment of the frequency can be 
achieved in a microwave version of the 
design. The coil should be replaced by the 
open end of a coaxial transmission line. In 
the superconducting state HTSC layer at 
the end of line acts as a shortcut. In the 
normal case the line is open-ended. In the 
transition region odd harmonics are 
generated. The upper frequency limit of 
such method is when the skin-depth of the 
HTSC in normal state approaches the 
London penetration depth. 

The sensitivity of HTSC bolometer in 
our version can be estimated on the basis 
of the dependence of the signal third 
harmonic on the temperature. Its derivative 
is shown in Fig. 32. The maximum – 30 
μV is achieved at the transition 
temperature.  

As the noise is less than 100 nV, it 
gives a minimum detectable temperature 
change (temperature sensitivity) δT = 
0.003 K approximately. The contactless 
bolometer can be thermo-insulated enough 
to achieve conditions when its temperature 
is determined only by the radiation 
balance. The main part of the radiation 
absorbed from the bolometer comes from 
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the heat sink and only small part from the 
investigated object.  
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 Fig. 32. The derivative of the dependence of the 
signal third harmonic on the temperature 
 

As a typical value for the numerical 
aperture Na = ½ can be assumed. So, 
approximately Δ = 0.02. Using the Stephen 

– Boltzman’s law we determine that a 
temperature change δTobj of the If If If the 
object is seen by a lens with numerical 
aperture Na this part Δ is 
 
 
 Δ = Na2/4π 
where 4π is the total spatial angle. Object 
temperature causes a temperature change 
in the bolometer  
 

δT = (Tobj/Tcr)3δTobj/Δ 
 

So, the temperature sensitivity of the 
bolometer for the object with room 
temperature for instance can be less than 
0.001 K. It should be pointed out in 
addition that our bolometer construction 
and mode of operation is not optimised.
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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, E. L. Pavlov, M. E. Koleva, S. D. Donchev 

 
 
1. Introduction 

The industrial, urban, and domestic 
safety and quality control are the main 
factors contributing to the increasing needs 
for sensor development. The sensor media 
of today must exhibit a number of 
characteristics, such as broad selectivity, 
high sensitivity, fast temporal response 
and recovery time. 

In recent years, the gas sensors based 
on optical detection have attracted great 
attention due to the possibility to operate 
at room temperature, to have very fast 
response time, and to measure lower gas 
concentrations compared to the traditional 
sensitive elements. Optical sensors have 
been shown to be safe in explosive 
environment and suitable for applications 
even in unusual and extreme conditions. 

Various technologies and techniques 
have been developed to cover the 
advanced requirements for fabrication of 
sensing media. A promising way of 
solving the problem of preparing high 
quality multicomponent metal-oxide thin 
films is using the pulsed laser deposition 
(PLD) technique. 
 
2. Recent results and discussion 

2.1. WO3 thin films 
 
Highly textured thin (001) tungsten 

trioxide (WO3) films were deposited on 
(001) SiO2 substrates by XeCl excimer 
laser ablation of ceramic targets. The 
influence was studied of the oxygen 
pressure and substrate temperature on the 
composition, crystallinity, and optical 
properties of the films. The films were 
grown at pressures from 0.01 to 0.25 mbar 

and substrate temperatures from room 
temperature up to 670°C. The best 
crystallinity was obtained for the films 
grown at 0.1 mbar and 500°C as confirmed 
by XRD analysis (Fig. 1) and Raman 
spectroscopy (Fig. 2). 
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Fig. 1. XRD patterns of WO3 thin films grown at 
500 °C and different oxygen pressures. WO3: 
tetragonal - ; orthorhombic - ; W5O14 - *; 
WO2.90 - ** 
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Fig. 2. Raman spectra of the WO3 films deposited 
at 0.1 mbar and different substrate temperatures:  
a) room; b) 500 °C; and c) 600 °C 
 

Optical transmission as high as 83 % 
was measured in the visible and near-
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infrared spectral regions. The ordinary 
index of refraction at wavelength of 
633 nm increased with the growth 
temperature and reached 1.97 at the 
optimum growth conditions. 
 
2.2. In2O3 thin films 

 
Thin indium oxide (In2O3) films were 

grown on (001) SiO2 at oxygen pressures 
from 0.01 to 0.2 mbar and substrate 
temperature from 100 to 400 °C using 
indium oxide ceramics targets. The 
structural and optical properties of the 
films were investigated as a function of the 
oxygen pressure and substrate temperature. 
Polycrystalline In2O3 films with 
preferential (111) orientation were 
produced at oxygen pressure higher than 
0.05 mbar and temperature 300oC. The 
Raman spectra confirmed the cubic 
structure of the films, which had 
transparency between 85% and 90% in the 
400 - 2400 nm spectral range. The films 
transparency improved sufficiently by 
increasing the oxygen pressure at fixed 
temperature (Fig. 3). The lowest optical 
waveguide loss measured was 9 dB/cm for 
the films grown at the optimum conditions 
- P(O2) = 0.1 mbar and Ts = 300oC. 
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Fig. 3. Optical transmission spectra of In2O3 thin 
films grown at 100 °C and different oxygen 
pressures 

2.3. ZnO thin films 
 
Highly textured thin ZnO films were 

produced by pulsed laser deposition. All 
ZnO films were textured along the (002) 
direction. The increase of the substrate 
temperature enhanced the diffraction peak 
intensity for all oxygen pressures applied 
(Fig. 4). The highest intensity peak for a 
fixed temperature was obtained at pressure 
in the range 0.05 – 0.1 mbar. The increase 
of the substrate temperature at 0.1 mbar 
led to deposition of smoother films with 
average RMS value of about 9 – 11 nm. 
The increase of the oxygen pressure at 
fixed temperature led to change of the film 
morphology. The highest optical 
transmission was achieved at room 
temperature. The increase of the substrate 
temperature and the oxygen pressure 
reduced the film transmission in the visible 
range. The value of the measured 
waveguide losses depended strongly on 
the crystalline quality of the films. The 
increase of the temperature led to a 
decrease of the optical losses to a value of 
about 1.3 dB/cm. Films deposited at 
oxygen pressure between 0.05 and 
0.1 mbar and at 150 or 300oC had 
excellent mode properties which makes 
them a good candidate for optical sensors 
(Fig. 5). 
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Fig. 4. XRD patterns of the ZnO films produced at 
0.1 mbar oxygen pressure and substrate 
temperature: (a) room, (b) 150 °C, (c) 300 °C, (d) 
400 °C, and (e) 500 °C 
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Sensitivity of Zn11034 to butane diluted in the air, TM0 mode 
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Fig.5. Sensitivity of ZnO films to different quantity 
of butane diluted in air 

 
2.4. TiO2 thin films 
 

Thin films were deposited by laser 
ablation of TiO2 ceramic target using a 
KrF excimer laser. Highly crystalline 
anatase TiO2 films were obtained at 
oxygen pressure of 0.1 mbar and 
temperatures of 500oC and 600oC, 
respectively. No rutile or brookite TiO2 
phases were formed during all deposition 
runs. At substrate temperatures lower than 
500oC, the films revealed lower crystalline 
quality and consisted of oxygen-deficient 
TixOy phases (Fig.6). 
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Fig. 6 XRD patterns of TiO2 films grown at oxygen 
pressure of 0.1 mbar and different temperatures: a) 
room; b) 200 °C; c) 400 °C; d) 500 °C; e) 600 °C; 
∗  - oxygen-deficient TxOy phases; • - TiO2 phases; 
A - anatase TiO2

The optical transmission of the films 
improved while the deposition temperature 
and the crystallinity increased and reached 
the highest value of 92% in the visible 
spectral region at temperatures above 

400 oC. The refractive index of the films 
measured at λ = 633 nm had the highest 
values of 2.334 or 2.41 for a TE mode at 
deposition temperature of 500 oC and 
600 oC, respectively. The Raman peaks at 
392, 519 and 639 cm-1 correspond to the 
anatase TiO2 structure and can be assigned 
as B1g (ν4), A1g + B1g (ν3+ν2), and 
Eg (ν1) modes, respectively. 

Several films were deposited by laser 
ablation of a TiO2 ceramic target using a 
XeCl excimer laser. Highly crystalline 
rutile TiO2 films were obtained at low 
oxygen pressure of 0.01 mbar and 
substrate temperature of 500 oC. The 
intensity of the diffraction peaks of rutile 
TiO2 phase decreased with the substrate 
temperature dropped. The optical 
transmission was consistent with the 
crystal structure of the films and had the 
highest value of ~ 92% at 500 oC. Films 
deposited at P(O2) = 0.1 mbar and 
Ts = 500 oC had excellent mode 
properties, thus being excellent candidates 
for optical sensors. 

Al doped (5 wt.% Al) TiO2 films, 
grown at a temperature of 500 oC in 
oxygen pressure of 0.1 mbar showed a 
strong (510) rutile and several shallow 
peaks of different orientations of β-TiO2 
phase, whereas those doped with 
10 wt.%Al showed amorphous structure. 
The grains were the smallest and more 
uniform in size for the case of 
5 wt.%Al:TiO2, since Al is more densely 
packed into TiO2 film. The RMS-
roughness measured was 3 nm for a 
surface area of 1 x 1 μm, regardless of the 
dopant concentration (Fig.7). 

 
 
 
 

 
    (a)            (b)           (c) 

200nm 200nm 200nm

Fig. 7. AFM surface images of TiO2 films grown at 
500 °C and oxygen pressure of 0.13 mbar: (a) pure 
TiO2; (b) TiO2 with 5 wt.% Al; (c) TiO2 with 
10 wt.% Al 
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2.5. SnO2 thin films 
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Tin oxide thin films were grown on 

SiO2 (001) substrates at various oxygen 
pressures (0.05 - 0.3 mbar) and substrate 
temperature from room temperature to 
500 oC. The films deposited above 
0.2 mbar and at temperatures higher than 
200oC were polycrystalline. The crystal 
structure improved with the temperature 
increase. The films deposited at 500 oC 
and oxygen pressure of 0.2 mbar consisted 
of pure SnO2 phases and had the best 
crystalline properties. Further increase of 
the pressure up to 0.3 mbar at fixed 
substrate temperature led to the formation 
of SnO2-x (x ≤ 2) phases. All the films 
were transparent in the visible and near 
infrared optical ranges. The highest 
transmission (89%) in the visible region 
was obtained for the film grown at 
0.2 mbar and 200 oC (Fig. 8). 

 
Fig. 8. Optical transmission spectra of SnO2 films 
grown at 200 °C and different oxygen pressures: 
(a) 0.05 mbar, (b) 0.1 mbar, (c) 0.2 mbar and (d) 
0.3 mbar 
 

The refractive index of the films was 
between 1.877 and 1.93 (for bulk material 
n = 1.96). The lowest value measured of 
the wg optical losses was 7 dB/cm for 
films grown at P(O2) = 0.2 mbar and Ts = 
400 oC. 
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NEW MAGNETOMETER 

 
S. Cartaleva, S. Gateva, E. Alipieva, A. Yanev, G. Todorov, D. Slavov, C. Andreeva, 

T. Karaulanov, E. Taskova, L. Petrov, V.Sarova, N. Petrov 
 

I. Introduction 
 

We summarize here the main practical 
results obtained in the Institute of 
Electronics at the Bulgarian Academy of 
Sciences under the project: “New all-
optical systems and methods for 
magnetic and electromagnetic field 
measurement”, financed by EC 
(contract G6RD-CT-2001-00642). 
The project Consortium consists of the 
following partners:  
- Department of Physics, University of 
Siena, Italy, Project Coordinator 
Prof. L. Moi 
- Optela Optical Technologies JSC, 
Plovdiv, Bulgaria, Team leader Dr. V. 
Ribarov 
- Institute of Experimental Physics, 
Technical University of Graz, Austria, 
Team leader Prof. L. Windholz 
- Institute of Electronics, Bulgarian 
Academy of Sciences, Bulgaria, Team 
leader Dr. S. Cartaleva 
- Optella Ltd, Sofia, Bulgaria, Team leader 
Dr. L Avramov 
The Institute of Electronics’ staff 
working on the project: Dr. Stefka 
Cartaleva, Dr. Sanka Gateva, Dr. Emilia 
Alipieva, Dr . Andrey Yanev, Dr. Georgy 
Todorov, Dr. Dimitar Slavov, Dr. 
Christina Andreeva, PhD Student Todor 
Karaulanov, PhD Student Elena 
Taskova, PhD Student Lyubomir Petrov, 
Physicist Valentina Sarova, Physicist 
Nikolay Petrov 

The aim of the project was 
investigation of the potential of different 
approaches for application of the effect of 
Coherent Population Trapping (CPT) for 
magnetic field (MF) measurement. The 
CPT consists in the accumulation of atoms 
in a coherent superposition of two or more 
atomic sublevels, resulting in the 

registration of a resonance whose width is 
determined by the superposed levels 
width. This in alkali atoms determines a 
very narrow resonance because its width is 
set by ground-state hyperfine (hf) levels 
lifetime. CPT resonance linewidths smaller 
than 1 kHz have been measured. With Rb 
or Cs atomic vapour, simple, and not 
expensive CPT experiments can be set and 
portable practical devices can be 
developed using diode lasers. CPT is 
produced by simultaneous excitation of the 
two ground-states levels by laser light 
whose spectral profile is modified by 
frequency modulation obtained through 
direct diode current modulation. CPT 
resonances appear either when the 
modulation frequency matches the 
splitting between Zeeman sublevels of the 
two ground-state hf levels or the splitting 
of two Zeeman sublevels of the same hf 
level. In the second case, the laser light is 
modulated at a much lower frequency. The 
high precision achieved is due to the CPT 
resonance linewidth and because the MF is 
determined by frequency measurement. 

In the Institute of Electronics three 
approaches have been developed for CPT 
phenomenon investigation and its 
application for MF measurement: 
1. CPT prepared by coupling pairs of 
non-degenerate Zeeman sublevels 
belonging to the two ground-state hf 
components of alkali atoms by means of 
polychromatic laser field; 
2. CPT prepared by coupling 
degenerate Zeeman sublevels belonging to 
a single ground-state hf component of 
alkali atoms by means of single-frequency 
laser field of appropriate polarization at 
zero magnetic field; 
3. CPT prepared when a 
polychromatic laser field couplеs pairs of 



non-degenerate Zeeman sublevels 
belonging to a single ground-state 
hyperfine level of alkali atoms. 
 
II. CPT based magnetometer for 
metrology applications 

 

Fig.1. Block-scheme of the RF source: (1) – voltage 
controlled oscillator, 
Pout = 6-7 mW, f = 3.417 GHz, ∆F@3dB = 3 kHz; 
(2) isolators; (3) two-stage power amplifier, 
Pout@1 dB = 200 mW; (4) – directional coupler – 
20 dB; (5) – matching circuit. 
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Experimental set up and methodology 
have been developed for MF measurement 
based on CPT resonances prepared by 
means of coupling of two atomic ground 
state hf levels to a common excited-state 
one. The magnetic field measurement is 
realized by registration of CPT resonances 
in the fluorescence at the D1 line of 87Rb in 
dependence on the laser modulation 
frequency. For this, two coherent laser 
fields with frequency difference of about 
3.4 GHz are used. The laser fields are 

produced by direct current modulation of a 
diode laser. A methodology has been 
developed for magnetic field measurement 
using the CPT resonance splitting in the 
presence of the measured MF. 

In the Institute of Electronics, an RF 
generator especially tailored for the 
experimental set-up developed was 
designed and built. The block-scheme of 
the RF generator is shown in Fig.1 and its 
experimental realization, in Fig.2. The RF 
generator consists of a varactor-tunable (3-
7 MHz) oscillator (1), two circulators (2), 
power amplifier (3), directional coupler 
(4), and a circuit (5) matching the system’s 
50 Ω output to the diode’s low impedance. 

The RF supply provides output power of 
200 mW for laser diode current 
modulation, its spectral bandwidth is 
3 kHz at 3 dB level and it can be 
frequency tuned in an interval of 
0.8 MHz/V. 

 

 
 

In collaboration with ELO company – 
Sofia, a portable battery-supplied device 
(Fig.3) was built which contains: 
− Diode laser digital current controller; 
− Temperature controller based on 
microprocessor digital control of the diode 
laser temperature; 
− Digitally controlled laser frequency 
stabilization system; 
− CPT spectrum detection system. 
 

 
 

Utilizing a LabView program, the 
system is connected to a PC and the MF 
values are automatically measured. For 
further development, the use of a portable 

Fig.2. The developed VC RF supply coupled to the laser.

 

Fig.3. Portable device for magnetic field measurement 
based on GHz modulation of the laser frequency. 



PC is foreseen. In the Earth MF, 7 CPT 
components are observable with a 
frequency separation between adjacent 
resonances ∆νZ = gμB, where g is the 
gyromagnetic factor, μ is a constant and 
B – the measured MF. The CPT resonance 
splitting in laboratory magnetic field is 
illustrated in Fig.4 (the PC screen). The 
laboratory magnetic field is determined by 
measuring the frequency difference 
between the resonances,. The device is 
sensitive to a variation in the laboratory 
magnetic field of 50 nT, for 10 s 
measurement time. 

 

 
As a result of the work on this 

approach, a portable set-up and 
methodology was developed mainly for 
application in metrology for absolute MF 
measurement in the region of 
0,1 ÷ 1000 μT with sensitivity of 50 nT. 
 
III. CPT-based experimental set up for 
measurement of MF vector components 

 
In the so called Hanle configuration, 

the CPT resonance is observed with 
single-frequency excitation. The Zeeman 
sublevels of a single ground-state hf level 

are coupled in Λ-systems via the right (σ +) 
and left (σ –) circularly polarized 
components of a linearly polarized 
incident laser light. The resonances for all 
sub-levels appear when the hyperfine level 
is degenerate (i.e. at zero magnetic field). 
The Hanle-type resonance is detected by 
calibrated MF swept around its zero value, 
and its position is very sensitive to 
additional (measured) MF. All 
measurements were performed on the 
5S1/2 → 5P1/2 transition of the 87Rb D1 line 

(Fg = 2 → Fe = 1, where Fg and Fe are the 
total angular momenta of the ground and 
excited levels). The experimental set-up is 
presented in Fig.5. A vacuum cell with a 
natural mixture of Rb isotopes is irradiated 
by a single-mode diode laser light in 
resonance with the transition investigated. 
Calibrated MF parallel to the laser beam, 
created by a solenoid, is swept around the 
zero value. The fluorescence intensity of 
Rb atoms in a direction perpendicular to 
the laser beam is measured as a function of 
the swept MF. 

 

For MF measurement we propose to use 
the distinctive feature of the Hanle-type 
CPT resonances: they arise always at the 
point where the MF is zero. The difference 
between the position of the resonance on 
the scanned MF scale and the position of 
zero MF gives the value of the MF 
component along the laser beam. In this 
way not only the value, but also the sign of 
the MF can be determined. To test the 
potential of the method for determination 
of the vector of arbitrarily oriented MF, 
the Rb cell is placed in a cube formed of 6 
pairs of Helmholtz coils (Fig.6). The 
laboratory MF is measured by switching 
sequentially calibrated MF in 3 orthogonal 
directions. The component of the 
laboratory MF B in each direction is 
determined by the position of the CPT 
resonance.  
As a result of the work on this approach, 
experimental set-up and methodology for 
measurement of the three components of 
MF with sensitivity of 0,1 nT are 
developed. This methodology is foreseen 
for application in geomagnetic stations. 

Fig.4 First and second derivative of the CPT spectrum in 
87Rb in laboratory magnetic field.

 
Fig.5. Experimental set-up. 
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Fig.6. Cube of 6 pairs of Helmholtz coils for 
compensation of external and application of calibrated 
MF’s. 

 
IV. CPT based magnetometer for 
geomagnetic and archaeology 
applications 

 
Our work on the third approach was 

motivated by the fact that the laser 
frequency modulation in the kHz region is 
significantly more effective than that in the 
GHz region. This was expected to result in 
lower energy consumption of the device. 
Moreover, in the kHz region it is easier to 
build a generator with narrower bandwidth 
and much more stable central frequency 
than those provided by the generators in 
the GHz region. The generator bandwidth 
and its frequency stability are of great 
importance for the observation of narrow-
width CPT resonances. The resonance 
width is among the parameters most 
strongly influencing the measurement 
sensitivity. 

Analyzing our previous results 
concerning the coherent resonances 
induced by a single-frequency or low-
frequency modulated linearly polarized 
laser field, we deduced that the irradiation 
of alkali atoms by circularly polarized 
laser light can have significant advantages 
due to the higher efficiency of the Zeeman 
optical pumping and the possibility to 
work at higher buffer gas pressures. So, a 
decision was taken to develop an approach 
based on low-frequency laser modulation 
and excitation of Rb atoms by circularly 
polarized light. 

The measurement methodology is 
illustrated in Fig.7a. There, as an example 

the Fg = 2 → Fe = 1 hf transition is shown, 
which is one of the 87Rb transitions at the 
D1 line. The ground-state Zeeman 
sublevels are split by the measured MF. 
The laser frequency modulation transforms 
the single-frequency laser field into a 
multi-frequency one, with frequency 
separation between the adjacent 
components equal to the modulation 
frequency. If the Rb atoms fluorescence is 
registered in dependence on the laser 
frequency modulation, the coherent 
resonances will be observed at modulation 
frequency (or its harmonics) equal to the 
Zeeman splitting of the ground-state 
levels. The measure of the magnetic field 
is the modulation frequency of the laser. In  

 Fig.7b, the results of testing of the 
developed experimental set up sensitivity 
for MF measurement are presented. 
Periodically changed MFs are added to the 
laboratory one. It can be seen that MF 
below 1 nT can be measured when 
superimposed on the laboratory MF, which 
is polluted by 50 Hz EMF noise and is 
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Fig.7 Illustration of (a) the principle of MF measurement 
and (b) results of laboratory set up sensitivity testing. 

b) 
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with significant gradients due to the 
laboratory equipment. 

In collaboration with ELO company – 
Sofia, a compact system (Fig.8) was built 
for MF measurement using the low-
frequency modulation technique. The 
battery supplied device developed controls 
and stabilizes the parameters of the diode 
laser output and performs registration of 
the CPT resonance for MF measurement. 
It consists of the following blocks: 
− diode laser temperature controller; 
− diode injection current supply; 
− generator for laser current modulation at 
3.3 kHz for laser frequency stabilization; 
− generator for laser current modulation at 
0.8 kHz for signal phase-sensitive 
detection; 
− photodiode amplifier; 
− lock-in detection units for demodulation 
both at 3.3 kHz and 0.8 kHz; 
− battery power supply (the module power 
consumption is of 6W); 
− sweeping generator with adjustable 
modulation parameters (Direct Digital 
Synthesis (DDS) kHz generator with 
temperature stabilized reference quartz 
oscillator equipped with microprocessor 
control of the parameters ); 
− microprocessor unit for registration of 
the CPT resonance first derivative; 
−  automatic mode of operation for locking 
the DDS frequency to the value 
corresponding to the measured magnetic 
field; 
− PC software for short- and long-term 
measurements of the magnetic field. 

The module described communicates 
to a computer via an RS232 port, from 
where the DDS generator is controlled 
using a specially developed Visual Basic 
program. The measurement data are 
processed by PC and the absolute value of 
the magnetic field is automatically 
provided in real time. 

The system was tested for 
measurement of the time variation of the 
Earth MF. The device is situated in the 
Institute of Electronics, Sofia under EMF 
noise of the Institute and the large city. 

 

 

 
 
 

 
Fig.8 Compact device based on kHz modulation of 
the laser 

 
However, our MF measurements 

(particularly during the night time) are in 
very good agreement with those provided 
on-line in the Internet by l’Aquila 
geomagnetic station in Italy (Fig.9). 

 

Fig.9 Position of L’Aquila geomagnetic station in 
Italy and of Sofia on the Earth MF isolines.  



As can be seen from Fig.9, Sofia and 
l’Aquila are situated at very close 
geomagnetic isolines, and in general 
similar magnetic field change in time is 
expected. The very good agreement 
between the two measurements is clearly 
seen from Fig.10. 

Further testing and possible 
improvement of the device is in progress 
in order to develop a system completely 
suitable for application in the field of 
geomagnetism study. 

 

 
Similar sensitivity of geomagnetic field 

measurement is needed for magnetic 
prospecting of archaeology sites before 
excavation. The prospecting of an 

archaeological site consists in measuring 
the magnitude of the Earth’s MF on a 
closely spaced grid mapped onto the study 
area. Archaeological features cause a 
change in the Earth magnetic field. 

Here we only illustrate the sensitivity 
of the system developed in IE to MF 
produced by a single coin in dependence 
on the distance from it (Fig.11). 

 
50 levs – 1943 
Fe with Cu Ni coating 
F27 mm 10 g 

Fig.10. Comparison of the Earth MF measurement 
results obtained in IE with those of L’Aquila 
geomagnetic station in Italy on (а) 23, (b) 24, and 
(c) 30 November 2004.  

a) 

b) 

c) 

It can be seen that at a distance of several 
centimeters the coin produces MF with a 
value of thousands of nT. However, to 
detect archaeological objects at a depth of 
a few meters under the Earth surface, a 
sensitivity of MF measurement of one nT 
is required. The developed device has a 
potential for providing the sensitivity 

 

Fig.11 Measurement of MF of a coin containing 
10 g Fe in dependence on the distance to the 
sensor. 



needed for archaeological magnetic 
prospecting. 

As a result of the work on this 
approach, a portable set up and 
methodology are being developed for MF 
measurement in the region of 2 ÷ 200 μT 
with sensitivity of 1 nT for scalar MF 
measurement, with potential applications 
in archaeology, geomagnetism and 
materials science. 

 
V. Conclusions 

 
Approaches 1 and 3 are scalar methods 

for MF measurement. Being based on 
quantum transitions, these methods are 
absolute and a system based on them does 
not require frequent calibration. Minor 
deviations may appear due to the light-
shift effect, which are very small and not 
relevant for many applications. Approach 
1 has a larger operating range (from 50 nT 
to about 10 –3 T). On the other hand, it has 
a lower bandwidth, since at least two 
adjacent resonances should be registered, 
thus making the system slower. Therefore, 
this approach is very suitable for 
applications in metrology. Approach 3 has 
a smaller operating range (2-200 μT), but 

is much faster. It can be used in 
geophysics, archaeology and has the 
potential for application in science and 
testing of materials. Both approaches have 
all-optical sensors and provide very high 
spatial resolution (∼ 1 mm2). 

On the other hand, Approach 2 
provides a vector measurement of the MF. 
Using a single sensor, the three 
components of the MF can be derived. 
This method has the largest operating 
range (from one nT to large MFs, like 
2 mT). The method can be used in 
geophysics and materials sciences. 
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1. Introduction 
 

Here we present the main results 
obtained in a joint research project: 
(“Frequency-controlled laser diodes for 
high resolution coherent atomic 
spectroscopy”) between the Institute of 
Electronics and the Cantonal Observatory 
in Neuchatel, Switzerland (project 
JRP 7BUPJ062412) financed by the Swiss 
National Research Foundation under the 
SCOPES VI program. After its successful 
completion, in 2004 the project was 
distinguished by the Foundation for the 
significant results obtained and the team 
received a grant for their dissemination.  

The objectives of the project were to 
realize, test and characterise different 
diode laser sources and to utilize the 
developed laser systems in high spectral 
resolution experiments. The performance 
of two spectroscopic schemes for 
frequency stabilisation of the diode lasers 
was experimentally studied in detail.  

The main scientific result of the project 
is the proposition and experimental 
verification of a new method for light shift 
(LS) reduction of the 0-0 ground-state 
hyperfine transition of alkali atoms. In Rb 
atomic clocks the clock frequency is the 
frequency of the 0-0 ground-state quantum 
transition, so the clock accuracy depends 
on this frequency reference. However, its 
value can experience significant shifts due 
to light frequency and intensity 
fluctuations when single-frequency optical 
pumping is used for clock operation. Our 
method exploits multi-frequency optical 
pumping with controlled frequency 
difference and amplitude of the spectral 
components, chosen such that LS 
contributions from different spectral 
components compensate each other. The 

obtained result is of great importance for 
the improvement of laser-pumped atomic 
clocks and optical magnetometers. 

 
2. Frequency stability comparison of 
diode lasers locked to Doppler and sub-
Doppler resonances 
 

Among the mostly spread frequency 
stabilization methods are those based on 
frequency references using Doppler 
absorption profiles and sub-Doppler width 
saturated absorption (SA) resonances. For 
the alkali atoms, the SA resonances are 
about two orders of magnitude narrower 
than the Doppler profile, which is a base 
for higher stability achievement. However, 
for the practical applications of stabilized 
lasers, the simplicity of the Doppler profile 
approach plays an important role. We 
performed a systematic quantitative 
comparison of the parameters of two 
extended cavity diode lasers, stabilized on 
Doppler and SA profiles. The frequency 
shift of the resonance under investigation 
with respect to a reference resonance is 
measured and analyzed, in dependence on 
experimental parameters like the 
modulation amplitude, cell temperature, 
laser power, applied magnetic field and the 
pump-probe beams angle. We concentrate 
our work on the optical transitions of 87Rb 
(D2 line), chosen for the development of 
the Rb atomic cell clocks. 

The experimental results are 
summarized in the Table shown in Fig.1. 
The laser frequency stability measured 
over 104 seconds shows that the 
stabilization to the Doppler profile results 
in one order of magnitude lower stability 
than the one to SA resonances. Thus only 
the SA stabilisation guarantees long-term 
frequency stabilities around 2·10-12 
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required in high-performance Rb atomic 
clocks. However, it should be pointed out 
that both methods studied achieve very 
good laser stability in the short term (up to 
100 seconds), which is sufficient for many 
applications. For some of them the 
simplicity of the Doppler locking method 
can be very attractive. 

 

 
Taking into consideration the potential 

for building of miniaturized laser systems 
when using diode lasers, the obtained 
results are of significant importance. 

 
3. Method for light shift suppression in 
optical pumping experiments 
 

Atomic frequency standards (atomic 
clocks) operate on the principle of optical 
pumping of Rb vapour. The optical field 
resonant with one hyperfine (hf) transition 
starting from one ground-state hf level of 
87Rb isotope produces optical pumping of 
the atomic population to the other ground-
state hf level. The optical pumping is 
destroyed in a narrow spectral interval 
around 6.83 GHz by means of an RF field 
resonant with the ground-state hf splitting. 
This RF-optical double resonance, 
illustrated in Fig.2, allows the locking of 
the quartz local oscillator, generating the 
RF field, to the atomic resonance.  

However, in the case of optical 
pumping with a narrow-band, single-mode 
laser, the LS dependence on the laser 
frequency imposes strong requirements to 
the laser frequency stability (of the order 
of 10-12). In order to relax these demands 

while still providing an efficient reduction 
of the LS, we propose to perform the 
optical pumping by means of a multi-
frequency laser field with controlled 
frequency and amplitude difference 
between the spectral components. 
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The LS of a single hf transition 

irradiated by mono-mode laser field has a 
dispersive shape on frequency (Fig.3). The 
LS can be characterized by two 
parameters: β = dν/dflaser; and α = dν/dIlaser 
denoting its dependence both on the light 
frequency and the light intensity.  

 

 
As can be seen, two characteristic 

points exist: the center of resonance, where 
α = 0, and the extrema of the curve, where 
β = 0. The idea of the method is to use a 
multi-frequency excitation, such that the 
contribution to the LS of all frequency 
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Fig. 1. Comparison of the frequency shift due to 
different parameters change for the case of Doppler and 
sub-Doppler frequency locking reference 

Fig. 3. Clock frequency dependence on irradiating 
frequency and spectrum of frequency modulated 
laser 
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components to cancel, leading to an 
interval of decreased α and β. 

A theoretical model has been 
developed and the LS with multi-
frequency excitation was calculated. The 
result is illustrated in Fig.4 at four 
different frequency modulation indices m. 
At modulation indices m ≈ 2.4 a plateau of 
strongly suppressed LS is clearly seen, 
referred to as “self-correction plateau”. 
Therefore, we have achieved a region of 
β = 0. It should be noted, though, that the 
plateau is not at zero LS due to the 
influence of the laser light on the hf 
transitions starting from the non-resonant 
ground state component. This offset of the 
plateau is unwanted due to its dependence 
on the laser power.  
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Fig. 4. Simulation results for LS reduction at: m = 0(1), 
0,8 (2), 2 (3), 2,4 (4) 
 

In order to shift the plateau down to 
zero LS, an inter-play is used between the 
spectral components of the light field. By 
choosing appropriate modulation index, a 
laser frequency interval can be found, 
where the LS is almost zero. This is 
illustrated in Fig.5. A laser frequency 
interval of more than 200 MHz exists, 
where the clock transition frequency 
sensitivity to frequency and intensity 
variations is very low. 
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Fig. 5. Suppression of the self- correction plateau offset 

 

4. Experimental verification of the 
method for LS suppression 
 

In the experiment (Fig.6), a 
commercial DBR diode laser is utilized 
with output beam divided into three parts. 
The first one is used for providing 
frequency scale. The second part of the 
beam is sent to a fast photodetector, where 
it is mixed with the light of a mono-mode 
extended cavity diode laser independently 
locked to a built-in saturated absorption 
reference, and the beat signal is registered. 
At a fixed modulation power, both lasers 
are locked to a certain resonance and the 
DBR laser spectrum (and thus the 
modulation index) is inferred from the beat 
note spectrum. The third (main) part of the 
DBR laser beam is fed to a modified, 
commercial Rb space clock module 
(RAFS series, Temex Neuchâtel Time) 
whose Rb lamp has been removed. For 
determination of the clock sensitivity to 
laser frequency changes, the laser was 
slowly tuned across the atomic resonance. 
For measuring the sensitivity of the clock 
to the laser power changes, the DBR laser 
was locked to a certain SA resonance and 
the laser power was varied. For both kinds 
of measurements, the output frequency of 
the clock module is compared to H-maser 
reference by means of a frequency counter, 
thus measuring the shift of the clock 
transition frequency Δνclock.  
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Under single-mode excitation, the shift 

of the clock frequency Δνclock is measured 
in dependence on the laser frequency 
detuning for different laser powers (Fig.7).  
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Fig. 7. LS profiles at mono-mode irradiation, for laser 
power: (1) 24, (2) 36, (3) 46, (4) 55, (5) 62, (6) 75μW 

 

The sensitivity of Δνclock to laser power 
and frequency changes is clearly seen. 

However, when modulation of the 
diode current at frequency of 480 MHz by 
means of 20 dBm RF power is applied, a 
strong reduction of the light shift is 
realized in a broad (about 700 MHz) 
frequency interval (Fig.8). It should be 
pointed out that for the zero LS plateau 
observation the modulation index was 
higher than the theoretical value. The 
reason for this is that beside the frequency 
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modulation, also some intensity 
modulation is performed, resulting in a 
difference in the amplitudes of the 
sidebands, which increases with increasing 
amplitude modulation.  

There is an advantage of this scheme 
compared to the case considered 
theoretically above. In this configuration 
the carrier amplitude is large enough and it 
is possible to be successfully used for laser 
frequency locking. The presence of a SA-
CO resonance created by the carrier within 
the region of the zero-LS plateau (namely 
CO22-23) is very useful. This resonance is 
marked by an asterisk in Fig. 8. 

 
5. Conclusions 
 

Short and long-term limitations of laser 
frequency stabilisation using simple 
Doppler and Sub-Doppler SA 
spectroscopy have been studied and 
compared. Such systems are of high 
relevance for the performance of atomic 
clocks, atomic magnetometers and other 
optical instrumentation. 

Fig. 8. Illustration of dramatic LS compensation: (1) 105, 
(2) 75, (3) 62, (4) 55, (5) 46, (6) 36 μW laser power 
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We have developed and demonstrated 
a novel method for suppression of light 
shift effects in optically pumped gas-cell 
clocks, which is one of the main 
limitations in high-performance laser-
pumped clocks. Quantitative evaluation of 
the LS reduction shows that the β-
coefficients is reduced by a factor of 45 
and α is suppressed by more than a factor 
of 80. The modulation configuration also 
allows for simple stabilisation of the laser 
frequency within the plateau of reduced 
light shift. 
Acknowledgements 
 

We are grateful to the Swiss National 
Science Foundation for financial support  
under the SCOPES6 programme (project 
7BUPJ062412) and Bulgarian National 
Council for Scientific Research (grant 
no. F−1005/00). We thank P. Thomann, G. 
Di Domenico, and S. Jaquet of 
Observatoire de Neuchâtel for their 
contributions to the project and Temex 
Neuchâtel Time for providing the clock 
unit. We also thank the administrations, 
mechanics and electronics workshop teams 
at IE-BAS and ON for their contributions 
to the project and S. Wüthrich (ON) for 
the administrative support.

 
Publications on the project 
 
1. Karaulanov T, Andreeva C, Cartaleva S, Dancheva Y, Todorov B, Yanev A, Jaquet S, Di 
Domenico G, Thomann P, Mileti G, 
Light shift and laser sidebands in gas-cell atomic clocks using optical pumping and coherent 
population trapping, 
Proc SPIE 2002;5137:364–372. 
 
2. Andreeva C, Cartaleva S, Di Domenico G, Jaquet S, Karaulanov T, Mileti G, Thomann P, 
Todorov B, Yanev A,  
Influence of external parameters on the locking position of a diode laser, 
Proc SPIE 2003;5226:124–128. 
 
3. Affolderbach C, Mileti G, Andreeva C, Slavov D, Karaulanov T, Cartaleva S, 
Reducing light-shift effects in optically-pumped gas-cell atomic frequency standards, 
Proc joint IEEE Frequency Control Symposium and European Frequency and Time Forum 
Tampa, Florida, USA, 2003, pp 27-30. 
 
4. Affolderbach C, Mileti G, Slavov D, Andreeva C, Cartaleva S, 
Frequency stability comparison of diode lasers locked to Doppler and sub-Doppler 
resonances, 
Proc SPIE 2004;5449:396-403. 
 
5. Affolderbach C, Andreeva C, Cartaleva S, Karaulanov T, Mileti G, Slavov D, 
Light shift reduction in atomic clocks, 
Proc SPIE 2004;5449:342-349. 
 
6. Affolderbach C, Andreeva C, Cartaleva S, Karaulanov T, Mileti G, Slavov D,  
Light shift suppression in laser optically-pumped vapour-cell atomic frequency standards, 
Accepted for publication in Appl Phys B, 2005. 



     SCIENTIFIC EVENTS
          ●   Thirteenth International School on Quantum

Electronics �Laser Physics and Applications�
          ●   Activities of SPIE - Bulgaria Chapter
          ●   NANO 2004
          ●   National Conference Electronics 2004



Annual Report IE 2004 127

SCIENTIFIC EVENTS
ORGANIZED BY THE INSTITUTE OF ELECTRONICS IN 2004

13th INTERNATIONAL SCHOOL ON QUANTUM ELECTRONICS 
�LASER PHYSICS AND APPLICATIONS�

The Thirteenth International School on
Quantum Electronics �Laser Physics and
Applications� organized by the Institute of
Electronics at the Bulgarian Academy of
Sciences, and со-organized by SPIE-
Bulgaria Chapter, and Bourgas University
�Prof. Dr. Assen Zlatarov� was held from
20 to 24 September 2004 in Bourgas,
Bulgaria. In terms of the number of
participants and the scientific level of
lectures and poster sessions this School
undoubtedly surpassed all previous
editions.

This traditional event has been held
biennially since 1980 and has already
turned into а major event for scientists
working in the field of lasers and their
applications. The beautiful mountain-sea
landscape of the region, the fresh air, and
the fine autumn weather provided
wonderful conditions for exchange of
ideas and discussion of results among
well-known scientists and young
researchers.

Leading scientists from Europe,
America and Japan were invited to deliver
lectures on �hot� topics in the
fundamentals of laser physics, as well as
on applications of lasers in spectroscopy,
metrology, optical communications, laser
remote sensing and ecology, laser
materials processing and lasers in
biophysics and medicine, giving both the
background and the latest developments of
a particular problem. Twenty-three
lectures were presented to the attention of
the young participants. The main topics
covered in this School were:

A.  Laser interactions with materials
B.  Laser spectroscopy and metrology
C.  Laser remote sensing and ecology
D.  Lasers in biophysics and medicine
E.  Lasers and laser systems

The number of registered participants
reached 130 from 22 countries. Scientists
from Armenia, Austria, Bulgaria, Czech
Republic, Denmark, France, Germany,
Greece, Hungary, Italy, Japan,
Luxemburg, Poland, Romania, Russia,
Serbia and Montenegro, Spain, Sweden,
Switzerland, Tunisia, the United Kingdom,
and the United States of America took part
in the work of the School.

Two poster sessions were also
organized, where the young participants in
the School presented 121 posters. An
international jury selected the eight best
works, which were presented by their
authors on Friday 24.09.2004 during the
special oral session "Oral presentation of
selected posters" giving opportunity to the
most promising young researchers to
present their work before the entire
audience.

During the School, Internet and
multimedia communications were
provided for all participants, both young
scientists and lecturers.

There was a balanced mixture of
lectures and poster sessions. The
Organizing Committee put together social
and cultural programmes for attendants
and the accompanying persons. An
excursion to the ancient town of Nessebar,
one of the oldest towns in Europe, was
organized. The ancient fortified wall with
a gate dating from III-IV century BC, the
churches from V-VI century and the ones
dating from the medieval period (X-XIV
century), which are fine examples of the
medieval Bulgarian and Byzantine
architecture, the 60 houses of the
Bulgarian revival period, give the town a
unique appearance and atmosphere and
make it a perfect place to introduce the
foreign guests of the School to the history
of Bulgaria.
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Welcome party and Official Dinner
were also organized for all participants in
the School.

The main purpose of the XIII School
was achieved - the possibility to provide a
meeting place for young researchers from
Eastern and Central Europe who work in
the field of laser physics. The young
researchers who participated in the school
sessions had opportunities to discuss their
own results with leading scientists in their
research areas.

The competition among the young
participants, which was organized during
the two poster sessions, proved to be
invaluable experience for the young
participants, helping them in the
preparation of future presentations, not
only �what to present�, but also �how to
present it�.

Information for this event is presented
in a special Internet page:
http://www.sqe2004.dir.bg, which is
maintained on-line and after the end of the
School. 

The lectures presented, together with
the 96 most interesting posters approved

by the International Advisory Committee,
will be published in the Proceedings of
SPIE. The reviews and preparation of the
full texts of the selected papers has been
completed. Forthcoming is the publishing
of materials by SPIE-The International
Society for Optical Engineering,
Bellingham, Washington, USA.

The organization of the XIII
International School on Quantum
Electronics �Laser Physics and
Applications� was handled by the local
Organizing Committee and the
International Advisory Committee.

This issue of the School was
financially supported by the UNESCO-
ROSTE, SPIE-INT., SPIE-BG, the Evrika
Foundation, the Institute of Electronics,
Erato Co., Allianz Bulgaria, Coherent Inc.,
Optela-Optical Technologies J.S.Co,
Plovdiv, Optella Ltd., Sofia, to whom the
Organizing Committee express their deep
gratitude.

The next School in the series will be
held in September 2006.

ACTIVITIES OF SPIE - BULGARIA CHAPTER 

During 2004, the SPIE Bulgaria
Chapter continued its activity as a non-
profit organization of Bulgarian scientists
working in the field of optical engineering
and laser physics. The Chapter comprised
84 regular and student members from the
Institute of Electronics, Institute of Solid
State Physics, BAS, Central Laboratory of
Optical Storage and Processing of
Information, BAS, St. Kliment Ohridski
University of Sofia, University of Plovdiv,
Technical University of Sofia, Technical
University of Plovdiv. All the information
received from SPIE International has been
regularly distributed among these
organizations. Five journals received from
SPIE International were given as a
donation to the main libraries of these
institutes and universities in order to reach
a larger audience.

The SPIE Bulgaria Chapter and SPIE
International sponsored the Thirteen
International School on Quantum

Electronics "Lasers - Physics and
Applications", which took place in
Bourgas, September 20-24, 2004. The
School's main purpose is to provide for
the exchange of information, ideas, and
opinions and also for establishment of
scientific contacts between participants
from different countries. Twenty-two
lectures were presented on the following
topics: laser interactions with materials,
laser spectroscopy and metrology, laser
remote sensing and ecology, lasers in
biophysics and medicine, and lasers and
laser systems. The Proceedings of the
School will be published in special issue #
5830 of Proceedings of SPIE. 

In June 2004 Dr. J. Bilbro, SPIE
President    and    Dr.   E.  Arthurs,    SPIE 

Executive Director visited Sofia and
participated at the Annual Membership
Meeting and the 10th anniversary
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celebration of the SPIE - Bulgaria Chapter.
NANO 2004

The Institute of Electronics has been a
partner in the National Center of
Nanotechnology (NCNT), BAS since its
establishment 6 years ago. During this
time the NCNT�s Expert Council has
organized regularly Annual Workshops on
�Nanoscience & Nanotechnology�. The 6th

Workshop was held November 24-25,
2004, in Sofia. The event was supported
by the 6th FP project NENAMAT
(Network for Nanostructured Materials of
Associate Candidate Countries). The
coordinator of the NENAMAT, as well as
a representative of the European
Commission (coordinator in the 3 priority
�Nanostructured Materials�) took part in
the workshop. The total number of the
participants exceeded 130, including
scientists from Bulgaria, India, France,
Slovakia, Romania and USA. More than
100 presentations (plenary lectures, short
oral presentations, posters) were made
during the workshop days. The Institute of

Electronics participants presented 7
contributions. 

The Workshop program covered the
following topics:

Modeling and computer simulations; 
Novel processing technologies; 
Magnetic, electric, optical, and

electronic properties and devices; 
Chemical properties and applications; 
Mechanical properties and

applications; 
Bioinspired concepts and medical

applications.
Traditionally, the workshop

contributions are edited and published in
the special issue �Nanoscience &
Nanotechnology: Nanostructured
Materials Application and Innovation
Transfer� edited by E. Balabanova, I.
Dragieva. The fifth issue in this series
sequence has already been compiled and
will be published by HERON PRESS. 

NATIONAL CONFERENCE ELECTRONICS 2004

21-24 May 2004, Sofia, Bulgaria

The Conference was the most recent in
a series of biennial events, the first one
being held in 1991 in Plovdiv, and the
previous one in 2002 in Botevgrad. The
main organizer of these events is The
Union of Electronics, Electrical
Engineering and Communications of
Bulgaria; the Institute of Electronics is one
of the co-organizers. Co-presidents of
Organizing Committee of the Conference
were Acad. Prof. V. Sgurev of BAS and
the Federation of Scientific and Technical
Unions, Acad. Prof. A.Angelov of BAS,
and Prof. St. Tabakov of the Technical
University of Sofia and President of UEEC
President of the Program Committee of the
Conference was Prof. G. Mladenov of IE.

The conference sessions were devoted
to five topics:

   - Industrial electronics;
   - Microelectronics, sensors and
technologies;
   - Digital techniques and information
technologies;
   - Radio-electronics and communications,
   - Economics and Education.

The Program Committee submitted 66
papers of about 120 authors from 32
educational, research and industrial
organizations from Bulgaria and four
papers with foreign co-authors (four from
Japan, three from Sweden and two from
England). 

The success of the Conference was
obvious. It clearly proved the existence of
scientists and engineers, working in the
academia or in the research and
development laboratories of industry, who
have useful research results with
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promising applications in electronics. The
participants of the Conference
demonstrated their common interests in
the research and development of new
electronic products, as well as ambition for
improvement of their professional skills.
The Conference was an illustration of the
fact that Bulgarian electronics remains
viable and continues to make contributions
to the industry. The Conference Program
and Proceedings comprised a large scope
of activities and a big potential for
technological development. The
participants of the Conference showed
devotion, endurance and creativity
resulting in fruitful discussions and new
concrete co-operations.

Among the contributions by scientists
from the Institute of Electronics we should

mention the valuable reports of: B. Vichev
and K. Kostov on microwave radiometers,
T. Nurgaliev, T. Donchev, S. Miteva (and
C. Stevens and D. Edwards) on high-
temperature superconducting microwave
elements, E. Koleva, K. Vutova,
G. Mladenov (and T. Tanaka, T. Takagi)
on applications of electron lithography in
nano-electronics and on the ion
modification of plastic materials, N.
Nikolov (and S. Tabakov) on the
characteristics of three-phase bridge
rectifier systems and E. Ferdinandov (and
K. Dimitrov) on optical investigations of
space objects through turbulent
atmosphere. These results were a
demonstration of the high potential and the
important place of the investigations of the
academic electronics research. 
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THE EXECUTIVE COUNCIL
OF THE BULGARIAN ACADEMY OF SCIENCES

CONFERRED

The Decoration of Honour

�FOR SPECIAL MERIT TO THE BULGARIAN ACADEMY OF SCIENCES�

on

PROFESSOR TAKESHI TANAKA, HIROSHIMA INSTITUTE OF TECHNOLOGY

For his merit to the Institute of Electronics of the Bulgarian Academy of Sciences and
his contribution to promoting the cooperation between these two institutes in the field of
the interaction between electrons and ions with different materials.

Sofia, 01.12.2004

Scientific Secretary President:
General:
Prof. N. Yakimoff. D.Sc. Acad. I. Juchnovski
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THE SCIENTIFIC COUNCIL OF THE ACADEMICIAN EMIL DJAKOV
INSTITUTE OF ELECTRONICS OF THE BULGARIAN ACADEMY OF SCIENCES

AWARDS:

Dr. N. VENKATRAMANI,
Director, Beam Technology Development Group,
Bhabha Atomic Research Centre, Mumbai, India

with Decoration of Honour �For special merit to the Institute of electronics of the Bulgarian
Academy of Sciences� for his personal efforts for the organization of the Indo-Bulgarian
Workshop on �Electron beam Technology and Applications�, November 19-21, 2003,
Mumbai, India as well as for the Proceedings publishing in August 2004, Mumbai, India.

Sofia, January 2005

Chairman of the Scientific Council: Director, Institute of Electronics:
(Prof. Dr.Sc. D. Stoyanov) (Assoc. Prof. Dr. R. Enikov)

THE SCIENTIFIC COUNCIL OF THE ACADEMICIAN EMIL DJAKOV
INSTITUTE OF ELECTRONICS OF THE BULGARIAN ACADEMY OF SCIENCES

AWARDS:

Dr. A. K. KALRA,
Adviser/Scientist �G�(International S&T Cooperation),

Department of Science and Technology,
Ministry of Science and Technology, Government of India

with Decoration of Honour �For special merit to the Institute of electronics of the Bulgarian
Academy of Sciences� for his personal efforts for the organization of the Indo-Bulgarian
Workshop on �Electron beam Technology and Applications�, November 19-21, 2003,
Mumbai, India as well as for the Proceedings publishing in August 2004, Mumbai, India.

Sofia, January 2005

Chairman of the Scientific Council: Director, Institute of Electronics:
(Prof. Dr.Sc. D. Stoyanov) (Assoc. Prof. Dr. R. Enikov)
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Prof. L. ZARKOVA and Mrs M. DAMYANOVA

Award �Academician Emil Djakov� for the Best Scientific Publication of the year 2003 in
Radio Sciences, Physical and Quantum Electronics.

Awarded publications:

Zarkova L, Hohm U, Damyanova M,
Viscosity and pvT-second virial coefficient of binary noble-globular gas and globular-
globular gas mixtures calculated by means of an isotropic temperature-dependent potential,
J Phys Chem Ref Data, 2003;32:1591-1705. 

Hohm UC, Zarkova L,
Accurate thermophysical properties of neat globular gases and their binary mixtures
determined by means of an isotropic temperature-dependent potential,
Invited paper at Int Conf Computational Methods in Sciences and Engineering, September
2003, Greece. Full text being published in Computational Methods in Sciences and
Engineering, T. E. Simos (Ed), World Scientific, New Jersey, 2003, pp 228-235.

Prof. S. TINCHEV, Mrs. P. NIKOLOVA, Mrs. J. DYULGERSKA

Award �Academician Emil Djakov� for the Best Scientific Publication of the year 2004 in
Radio Sciences, Physical and Quantum Electronics.

Awarded publication:

Tinchev S, Nikolova P, Dyulgerska J, Danev G, Babeva T,
a-C:H absorber layer for solar cells matched to solar spectrum,
Solar Energy Materials & Solar Cells, 2005;86: 323-328.

Assoc. Prof. L. KOVACHEV, Assoc. Prof. L. IVANOV, Mr. T. ARABADJIEV

Award �Academician Emil Djakov� for the Best Scientific Publication of the year 2004 in
Radio Sciences, Physical and Quantum Electronics.

Awarded publications:

Kovachev L,
Optical vortices in dispersive nonlinear Kerr type media,
Int J Math & Math Sci 2004:18 949-967.

Kovachev L,
Optical leptons,
Int J Math & Math Sci 2004;27:1403-1422.

Kovachev L,
Vortex solutions of Nonlinear Optical Maxwell-Dirac Equation,s
Physica D � Nonlinear Phenomena 2004;190:78�92.

Kovachev L, Kaymakanova N, Dakova D, Pavlov L, Rousev R, Donev S, Pavlov R,
Three-dimensional solutions in media with spatial dependence of the nonlinear refractive
index,
Journal of Physical Studies 2004;8:1-4.
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Kovachev L, Ivanov L, Simeonov D, Arabadjiev T,
Stability of optical vortices with integer spin,
Proc Int Conf Nonlinear wave-guide phenomena, Toronto, Canada, 2004, 2004;TuC27:1-3.

Kovachev L,
Nonlinear amplitude Maxwell-Dirac equations. Optical leptons,
Proc 5th Int Conf Symmetry in Nonlinear Mathematical Physics, Kyiv, Ukraine, 2004,
2004;2:843-850.

Member Correspondent BAS G. MLADENOV, Assoc. Prof. K. VUTOVA, Assoc. Prof.
P. PETROV, Assoc. Prof. V. VASILEVA, Ms. E. KOLEVA, Mr. G. DJANOVSKI,

Award �Academician Emil Djakov� for the Best Scientific Publication of the year 2004 in
Radio Sciences, Physical and Quantum Electronics.

Awarded publications (all publications are published in Proc Indo-Bulgarian Workshop on
Electron Beam Technology and Applications, Mumbai, India, 2004, Das AK, Kandaswamy
E, Mascarenhas M (Eds), Ebenezer Printing House, India):

Vutova K, Mladenov G,
Electron and ion lithography � physical processes, computer simulation and experimental
data,
ISBN No 81-88513-07-5, pp 212-242.

Mladenov G,
History and some design aspects of EBW machines in IE BAS,
ISBN No 81-88513-07-5, pp 86-92.

Mladenov G, Petrov P, Koleva E, Vutova K,
Electron beam welding process,
ISBN No 81-88513-07-5, pp 287-298.

Koleva E, Petrov P, Mladenov G,
Approval of EB welding procedures (in agreement with the experience of Laboratory
Physical problems of EBT at IE BAS and the best international practices),
ISBN No 81-88513-07-5, pp 367-376.

Mladenov G,
Laboratory Physical Problems of Electron Beam Technologies of the Institute of Electronics
at the Bulgarian Academy of Sciences,
ISBN No 81-88513-07-5, pp 12-20.

Vassileva V, Vutova K, Koleva E, Nikolov T, Georgieva E, Mladenov G,
IE BAS experience in the electron beam melting and refining,
ISBN No 81-88513-07-5, pp 51-59.

Koleva E,
The role of electron beam melting parameters on the geometry of the melted pool of Cu ingot,
ISBN No 81-88513-07-5, pp 70-75.
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Djanovski G, Vutova K, Velinova S, Mollov D, Mladenov G,
Preparation and characterization of high temperature superconductingY1Ba2Cu3O7-x thin
films,
ISBN No 81-88513-07-5, pp 144-148.

Vutova K, Mladenov G,
Application of XPS analysis for characterization of smooth samples, textured samples and
overlayers on samples,
ISBN No 81-88513-07-5, pp 158-168.

Mladenov G,
Radiation modification of polymeric materials,
ISBN No 81-88513-07-5, pp 179 � 184.

Koleva E,
Standards for the production practice of EBW (and related processes),
ISBN No 81-88513-07-5, pp 333-340.

Assoc. Prof. L. AVRAMOV and Dr. E. BORISOVA

Selected as finalists of the EU Descartes Research Prize 2004 �Excellence in scientific
research� for the research work entitled �Advanced Photocathodes for Luminescence
Optimization in Medicine and Biology (APLOMB)�.

Dr. E. BORISOVA

Award of Bulgarian Academy of Sciences for youngest scientists up to 30 years old for the
investigation cycle entitled �Optical biopsy of human tissues� in the field of physics science.

Assoc. Prof. N. MIHAILOV

The international award GENIUS � BUDAPEST for the LTEA-013 laser system for
medical applications.

Dr. C. ANDREEVA

Bulgarian Academy of Sciences award for young scientists.

The Laboratory LASER SYSTEMS contract 

�Frequency controlled diode lasers for high resolution coherent spectroscopy�,
financed by SNSF, Switzerland was awarded by the Swiss National Scientific Fund as
distinguished one.
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	Investigations and considerations were presented on the plasma-chemical preparation, regeneration and activation of nanostructured catalysts in low-temperature plasma (electric-arc torch, high-frequency and other discharges). The four main trends in th
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	Microwave Dicke-type radiometer using satellite TV receivers components and waveguide front-end,
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	The object of the work was spinel ferroxide nanoparticles of Fe3O4 and CuFe2O4 with Jahn-Teller octahedral distortion. The particles were obtained via a soft chemical process, with the particle size being up to 10(2.5 nm for Fe3O4 and 6.5(1.5 nm for Cu
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	Fig. 2 b. Filter gold thin film electrode after the optical lithography executing 
	After that was done the deposition of the resist on the sample front side. The deposition was carried out by spinning at 1200 rpm (for about 40 sec.). Positive tone photo-resist AZ1350 was used for photo-lithography of the desired image on the front side of the sample. After that a heat treatment at 70 C for 25 min was applied. Exposure was done for 60 sec (50 sec was find as nominal time). 
	 
	SP4. Task 2 - Development of HTS sensor devices 
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