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PREFACE
This volume commemorates the 40th anniversary of the Institute of Solid State Physics at
the Bulgarian Academy of Sciences. Institute of Solid State Physics was created by a
Decree No 362 / October 16, 1972, of the Ministry Council of Bulgaria. The Decree had
split the existing Institute of Physics with Atomic Scientific Experimental Center at the
Bulgarian Academy of Sciences (founded by Academician G. Nadjakov in 1946), into
Institute of Solid State Physics and Institute of Nuclear Research and Nuclear Energy,
with an effect of January 1, 1973. Since February 16, 1982 the Institute of Solid State
Physics was named after Academician Georgi Nadjakov. The first Director of the
Institute was Academician Milko Borissov. The second Director was Professor Nikolay
Kirov. Present administration took office in 1999. Below is a list of the Institute science
administration during the last 10 years:
ADMINISTRATION:
Acad. A. G. Petrov
Doz. S. Andreev
Doz. V. Lovchinov
Prof. K. Blagoev
Prof. I. Bivas
Doz. D. Nesheva
Doz. M. Primatarowa

Director
(1999
Vice-Director
(1999
Vice-Director
(1999
Vice-Director
(2010
Vice-Director
(2012
Scientific Secretary (1999
Scientific Secretary (2003

)
- 2010)
- 2010)
)
)
- 2003)
)

SCIENTIFIC COUNCIL
Prof. N. Tonchev
Chairman
(1999 )
Doz. S. Alexandrova Scientific Secretary (1999 - 2007)
Doz. M. Grozeva
Scientific Secretary (2007 )
The Institute of Solid State Physics was created in order to provide a basic scientific
background of the emerging solid state electronics in Bulgaria. The Institute gave birth to
the Institute of Microelectronics (1968) at the Ministry of Industry, and to the Central
Laboratory of Solar Energy and New Energy Sources (1978) at BAS. In this way, two
new scientific institutes were nucleated from ISSP in the past, one of them active also in
the new structure of BAS.
A short account of the last 10 years of our history follows:
The landmark of the year 2003 was the election for Fellows of the Bulgarian Academy of
Sciences. Two of our coworkers: Nicola Sabotinov and Alexander G. Petrov received the
highest scientific position of Academicians (Fellows) of the Bulgarian Academy of
Sciences.
The landmarks of the year 2004 were three: the election for Corresponding Members of
the Bulgarian Academy of Sciences, the 13th issue of our International School on
Condensed Matter Physics in Varna and the joint Seminar and session of the Scientific
Council in “Koprivkite”. One of our coworkers: Lozan Spassov, was elected
Corresponding Member of the Bulgarian Academy of Sciences. The 13th School provided,
as usual, a vivid international forum to report and to discuss our present achievements.
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During the year 2005 the Institute of Solid State Physics elected as Honorary Member
Professor Elena Vateva. This is our tribute to her great role in founding and establishing
the Institute.
In 2006 the Scientific Council of the Institute adopted a new structure of ISSP, combining
existing 18 Laboratories in 8 Divisions. New heads of divisions were appointed with
greatly increased responsibilities, among them the formation of program teams of
scientists for successful participation in the scientific programs of united Europe. Recent
results of each of the divisions are reported in this volume. Today, ISSP deals with
practically all kinds of solid and soft condensed matter, starting with solid crystal growth
and ending with living matter systems.
In 2007 the Institute implicated for a second year the system of internally funded
projects. The results from the first session of the Internal Project Competition were
judged to be encouraging and a second session was called. The interest of the groups that
have no other funding sources at their disposal, is considerable. Seven projects were
funded with a total amount that was about tripled compared to 2006. Acad. A.G. Petrov
received the Outstanding Contribution to Science Award of the Ministry of Education
and Science of Bulgaria (Scientist of the year 2007). A newly equipped Research Center
for studies of electrical, magnetic and thermal properties of materials, surfaces and
structures was established in ISSP.
2008 was a remarkable year for ISSP. The Institute went through its first external
evaluation, jointly performed by ESF and ALLEA. The procedure started by the
preparation of a detailed self-evaluation report, submitted to and considered by the
auditors in advance to the visit. Several Divisions of the Institute were later visited by the
auditing panel members and a scrutinizing interview of the Institute administration by the
auditors completed the evaluation. Our final evaluation scores are well known, B A A: B
for quality and productivity, A for relevance and impact and A for prospects. These are
the highest scores among the physics institutes and are a guaranty for a better future of
ISSP. All the staff is to be congratulated for the efforts exercised during the evaluation.
New large scientific projects were funded in 2009 by the National Fund Scientific Studies
with substantial levels of funding. A new clean room facility was installed as a result
from a joint project with Fabless Ltd. Thanks to all these efforts, the annual income of the
Institute was substantially increased and the target of 1 Mln Lev was overcome. Professor
E. Atanassova received the Pythagoras Award of the Ministry of Education and Science
for the best woman-scientist.
2010 was a difficult year for ISSP. The Institute went through a severe 30% cut of its
budget, moreover the funding of the projects of the National Science Fund was also cut
down to 50%. All the staff is to be congratulated for the efforts exercised during the
struggle to overcome this harsh financial reality. Despite severe economic situation, ISSP
kept its high level of productivity in 2010. Three new monographs abroad were published
by D.I. Uzunov, by S. Kaschieva et al., by M. Petrov; one book was edited by O. Ivanov.
Five books were published in Bulgaria, among them the book of K. Kolentsov about
history of the applied physics in our institute. The 16th edition of our broadly recognized
International School of Condensed Matter Physics took place in September 2010. The
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School was devoted to the memory of the late Professor Joseph Marshall, Honorary
Chairman of the School.
2011 marked an emerging from the crisis situation of the previous years. We all hope it
would be a sustainable tendency in the functioning of ISSP. All the efforts of the staff and
administration aiming at a finance stabilization of the Institute have to be admired. Two
books by foreign publishers were edited by O. Ivanov and by L.Pramatarova. One book
on the history of physics was published in Bulgaria, with the co-authorship of M.Kaneva.
The new mission of the Institute, approved by the General Assembly of BAS in 2010 is
the following: achievement of fundamental knowledge in the condensed matter physics,
optics, spectroscopy and laser physics; application of this knowledge for the creation of
new materials, devices and analytical methods for micro- and nano-technologies, as well
as for new approaches in the interdisciplinary fields of the physics with biology,
medicine, archaeology; transfer of the achieved results to the economy of Bulgaria.
ISSP has at his disposal rich variety of equipment, precise methods and technologies:
•

•

•
•
•
•
•

Equipment and methods for electron microscopy and electron diffraction
investigations, atomic, electric and magnetic force microscopy, X-ray diffraction with
topographic, diffractometric and spectrometric facilities, ellipsometric measurements,
spectroscopy from VUV to IR spectral regions, time-resolved spectroscopy, EPR
spectroscopy;
Equipment and know-how for single crystal growth from oxide materials for laser
techniques and photorefractive effect applications, techniques and technology for thin
layer deposition for microelectronic, optoelectronic and acoustoelectronic sensors and
laser technology, complex equipment for molecular beam epitaxy, equipment for
synthesis and investigation of high temperature superconducting materials;
Equipment for polarization measurements in mesophases and polymer liquid crystals
for display techniques, equipment for videomicroscopy and micromanipulation of lipid
membranes;
Lasers of various systems: metal vapour, hollow cathode, picosecond lasers for
plasma physics and laser analysis of materials with possible application in ecology;
High-tech experimental sets for laser cooling of atoms (~ 0.0001K) and application of
lasers to archaeology;
Equipment (Physical Properties Measurement System produced by Quantum Design,
USA) for studies of electrical, magnetic and thermal properties of materials, surfaces
and structures;
Atomic Force Microscope by Veeco for investigations in the field of the nanophysics
of surfaces.

The main scientific and applied achievements of the Institute are in the field of condensed
matter physics, laser physics, theory of solid state, theory of phase transitions,
superconductivity and superconducting materials, low temperature physics, liquid crystal
physics, physics of living matter, structure and properties of crystals and amorphous
materials, atom and plasma physics, acoustoelectronic and microelectronic sensors.
ISSP has long standing traditions and achievements in the international scientific
cooperation. It has fulfilled and presently deals with many contracts funded by the
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European Community and NATO programs, it hosted the CNRS-supported FrenchBulgarian Laboratory "Vesicles and Membranes", it works on bilateral and multilateral
collaboration projects with Universities and Research Centres in Germany, France, Italy,
USA, UK, Austria, Australia, Switzerland, Greece, Russia, Ukraine, Poland, Hungary,
Romania, Serbia, Croatia, Macedonia, etc. Every second year since 1980, ISSP at BAS
organizes an International School-Symposium on contemporary problems in condensed
matter physics, ISCMP.
The Institute is proud with his co-workers elected as Academy and Honorary members,
winners of various national and international awards, authors and co-authors of
monographs published by prestigious editions, etc. A (possibly incomplete) list follows:
Academy Members:
Nikola Sabotinov, Fellow of the Bulgarian Academy of Sciences
Alexander G. Petrov, Fellow of the Bulgarian Academy of Sciences.
Alexander Derzhanski, Fellow of the Bulgarian Academy of Sciences
Lozan Spassov, Corresponding Member of the Bulgarian Academy of Sciences
Honorary Members of the Institute of Solid State Physics:
Nikolay Pashov
Paraskeva Simova
Alexander Derzhanski
Elena Vateva
Bernard Dulmet
Lozan Spassov
Nikolay Kirov
Krum Kolentsov
Nikola Sabotinov
Monographs:
1. L. Pramatarova and E. Pecheva, Modified Inorganic Surfaces as a Model for
Hydroxyapatite Growth, in Materials Science Foundations, vol. 26, Trans Tech
Publications, Switzerland, 2006, pp. 1-122, monograph
2. E. D. Atanassova, A. E. Belyaev, R. V. Konakova, P. M. Lytvyn, V. V. Milenin, V. F.
Mitin, Effect of active actions on the properties of semiconductor materials and
structures, NTC Inst. for Single Crystals, Kharkov, Ukraina, 2007, pp. 216.
3. П. Симеонова и В. Ловчинов “Увод във физиката на околната среда”.
Монографията съдържа 433 страници, 44 фигури, 34 таблици, Акад. изд. “Проф.
М. Дринов”, София (2008).
4. Dimo I. Uzunov, Theory of Critical Phenomena (World Scientific, Singapore-LondonNew Jursey, Aug 2010); Second Largely Extended and Completely Revised Edition
(673 pages).
5. S. Kaschieva and S. N. Dmitriev “Radiation Defects in Ion Implanted and/or Highenergy Irradiated MOS Structures”, Nova Science Publishers Inc, New York (2010)
195 pages.
6. M. Petrov, Optical and Electro-optical Properties of Liquid Crystals :Nematic and
Smectic Phases, Nova Science Publishers, Inc. New York, 367pp., 173 Figures, 17
Tables, 2010, ISBN: 978-1-61668-360-3
7. Application and Experience of Quality Control, O. Ivanov (editor), INTECH, Vienna,
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(1011).
8. D.I. Pushkarov, Mathematical Methods of Physics, Bahcesehir University, Istanbul,
2009, ISBN: 978-975-6437-84-1 (in English)
9. Н. К. Витанов, З. И. Димитрова, С. Панчев. Популационна динамика и
национална сигурност. Рисковете за националната сигурност на България.
Изд.“М. Дринов” БАН (2005).
10. Л. Спасов, Г. Камишева, Академик Милко Борисов за себе си и другите за него
(1921 − 1998), Извори за физическите науки в България, Акад. изд. “Проф. М.
Дринов”, София (2008)
11. Н. К. Витанов, З. И. Димитрова и Стойчо Панчев, Социална динамика без
формули, Академично издателство “Марин Дринов” на Българската Академия на
Науките (2009)
12. Крум Коленцов. «Постижения на приложната физика в БАН. Открития и
изобретения на учените от ФИ с АНЕБ и ИФТТ през XX век”, Академично
издателство „Проф. Марин Дринов”, София (2010). 308 стр.
13. Л. Цонев „Мегалитите в България” изд. Фараго, С, юни 2010г. [ISBN 978-9548641-77-7], 223 страници, 14 фигури.
Awards:
A.G. Petrov - Freedericksz Medal of the Russian Liquid Crystal Society (2004) for
outstanding achievements in liquid crystal physics.
E. Pecheva - Marin Drinov award for young scientists of BAS (2004).
A.G. Petrov - 1st prize for a completed project in Physics, National Scientific Foundation
(2005)
A. Derzhanski - Sign of honor of the Chemical Faculty of the Moscow State University
(2005)
N. Tonchev - Sign of Honour of the Bulgarian Academy of Sciences (2006)
B. Katranchev - Ivan Geshov price for youngest scientists of BAS (2006)
R. Ugrinov (PhD student of A G Petrov) - winner of the UK FAMELAB competition for
best young talent in science communication (2007)
N. Bundalevska - EUREKA price for best PhD-thesis of 2007
D. Pushkarov - Sign of Honour of the Bulgarian Academy of Sciences (2007)
A.G. Petrov - Outstanding Contribution to Science Award of the Ministry of Education
and Science of Bulgaria (Scientist of the year 2007)
A.G. Petrov - Marin Drinov Sign of Honour of BAS on a ribbon (2008)
L. Spassov - Sign of Honour of the Bulgarian Academy of Sciences (2008)
E. Atanassova - Pythagoras Award of the Ministry of Education and Science of Bulgaria
for the best woman-scientist (2009)
E. Vateva - Marin Drinov Sign of Honour of BAS on a ribbon (2010)
V. Kovachev - Sing of Honour “For Service to BAS” (2010)
P. Ivanov - Fellow of the American Physical Society (2010)
S. Tonchev - European Optical Society Prize 2011
N. Vuchkov - Inventor of the year 2011 in the Golden Book of Bulgarian Inventors
S. Terzieva - Ivan Geshov prize of BAS for youngest researcher (2011)
M.Gospodinov - Gold Medal of the National Chiao Tung University, Taiwan (2012)
Through the past 10 years the number of papers published in international and home
scientific journals amounts to over 2050, which have been cited in more than 9000 times
by other authors.
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Co-workers of ISSP have been engaged in teaching programmes as lecturers and
supervisors of MS and PhD students.
The present ISSP administration started its job by reviewing the scientific agenda of the
Institute and the state of existing equipment, aiming at improving it. Most of the divisions
are studying up-to-date topics at the forefront of their areas. Although far from
satisfactory, the equipment and funding situation is gradually improving in the
departments working on internationally funded projects. Thanks to the permanent efforts
of our members, the active pursuit of this policy brings confidence in the future of the
Institute of Solid State Physics throughout the new century. The physics of condensed
matter, solid and soft one, has proven to be an amazing, endless source of surprisingly
novel findings and discoveries. We are looking forward to the challenges that lie ahead.
Alexander G. Petrov
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Division THEORY
Theoretical Department
Head: Prof. DSc Hassan Chamati
Total staff: 7
Research scientists: 6
Prof. Hassan Chamati, DSc
Prof. Nedko Borissov Ivanov, DSc
Prof. Plamen Ch. Ivanov, DSc
Assoc. Prof. Elka Radoslavova Korutcheva, DSc
Assoc. Prof. Marina Todorowa Primatarowa, PhD
Assist. Prof. Radostina Stefanova Kamburova
Kostadin Gaminchev, PhD student
Former members:
Prof. Dimitar I. Pushkarov, D.Sc. till 2010
Assoc.Prof. K.T. Stoychev till 2009

Over the last ten years the investigations were focused on problems in the realm of
condensed matter and materials science. Topics that, are traditional to the Theoretical
Department, such as linear and nonlinear elementary excitations in condensed matter,
propagation of solitary pulses in low-dimensional structures with extended defects,
quantum and classical models of complex magnetic systems, fundamental problems of
phase transitions in finite systems, theory of neural networks and complex correlations in
biological systems.
Research projects:
F810: Soliton Dynamics in Complex Dispersive Systems
F817: Quantum Magnetic Systems with Low Special Dimensions
F911: Quantum Effects on Transport Phenomena in Solids
F1414: Spectra and Nonlinear Dynamics of Low-Energy Elementary Excitations in
Quasi-One-Dimensional Systems
F1517: Defects and Nanoclusters in Classical and Quantum Crystals
DO02-264: Quantum effects in spin systems with strong competing interactions

Phase transitions and related phenomena (E. Koroutcheva & H. Chamati):
The theory of phase transitions is based on the consideration of "ideal" classical models,
such as the Ising model: system of magnetic moments living on a cubic lattice and having
only two accessible states. For simplicity the interaction is restricted to nearest–
neighboring sites only. For these models, statistical physics gives a detailed description of
behavior of various thermodynamic quantities in the vicinity of the transition temperature.
Phase transitions are in turn related to singularities in the thermodynamic functions that
take place at the thermodynamic limit. These findings are confirmed by the most precise
experiments. In more realistic cases, however, one must account for additional details like
symmetry, nature and range of the interaction or a combination of both. Such interactions
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account for defects or Coulomb interactions or electromagnetic fluctuations. They may
affect the order of the phase transition in the ideal model or smear it out.
Apart from the nature of the interaction, the thermodynamic behavior is affected
also by the shape (geometry) of the system. This plays an important role in any
investigation by experimental means or computer simulations, where systems have finite
geometry, such as thin films. The effect of finite sizes on the system and the boundary
conditions are crucial to the modern theory of phase transitions. The ever growing role of
computer simulations gives a strong impetus to the development of theory for the
understanding of transitional behavior of magnetism, superconductivity, structural phase
transitions and other systems. Important quantities in the theory are the scaling properties
for the different thermodynamic quantities, such as the free energy, the susceptibility, etc.
For example, the values of the scaling functions at a second order phase transition
determine the so called critical amplitudes. The critical amplitude describing finite–size
corrections to the bulk free energy due to the thickness of the system is dubbed “Casimir
amplitude”. This is related to the Casimir effect in critical systems. Recent experimental
observations of this effect are the precursor of a huge activity in the theory of finite–size
effects in critical thin films.
The research in topic is devoted to the description and analysis of effects related to
the nature of the interaction in conjunction with the finite geometry of the system. Due to
the essence of the interactions and geometry considered here, the investigation of the
systems requires the use and development of appropriate mathematical methods. This
aims at gaining insights in the thermodynamic properties of these systems. The models
considered here are some of the most popular models in the theory of classical and
quantum theory of phase transitions. They involve different kinds of interactions
characteristic of a given material. They describe ferromagnetic with long-range or
anisotropic interaction, systems with randomly quenched disorder and fluids. Finite
geometries subject to different boundary conditions are considered. Different
thermodynamic quantities such as: the free energy, the susceptibility, specific heat etc. are
considered. Special attention was paid to their scaling behavior in the different regions of
the phase diagram. Furthermore investigation of the effect of classical and quantum
fluctuations in some models and check various scaling hypotheses, some of which were
predicted within the corresponding papers.
Most of the results have served as a basis for the dissertation entitled “Effects of
Interaction and Anisotropy on the Critical Behavior of Finite–Size Systems” by H.
Chamati. After successful defense of the thesis he was awarded the scientific degree
DOCTOR of SCIENCE (DSc) in Physical Sciences.
1. Chamati, E. Korutcheva and N. S. Tonchev, Finite–size scaling in disordered systems,
Phys. Rev. E 65 (2002) 026129 (10 pages).
2. Chamati and D. M. Dantchev, Renormalization group treatment of the scaling
properties of finite systems with subleading long–range interaction, Eur. Phys. J. B 26
(2002) 89–99.
3. H. Chamati and N. S. Tonchev, Critical behavior of systems with long–range
interaction in restricted geometry, Mod. Phys. Lett. B 17 (2003) 1187–1205.
4. H. Chamati, A. Djankova and N. S. Tonchev, Black–body radiation in Tsallis
statistics, Preprint IC/2004/26, ICTP, Trieste, Italy, 2004; (12 pages).
5. H. Chamati and D. M. Dantchev, Casimir force, excess free energy and �–functions
in 𝑂(𝑛) systems with long–range interaction in the 𝑛 → ∞ limit, Preprint IC/2004/32,
ICTP, Trieste, Italy, 2004; (29 pages)
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6. H. Chamati and D. M. Dantchev, Critical Casimir forces for 𝑂(𝑛) systems with long–
range interaction in the spherical limit, Phys. Rev. E 70 (2004) 066106 (13 pages).
7. H. Chamati and S. Romano, Classical Heisenberg lattice–gas model:
Thermodynamics and phase diagrams, Phys. Rev. B 72 (2005) 064424 (10 pages).
8. H. Chamati and S. Romano, Two–dimensional lattice gas models with extremely
anisotropic spin interactions, Phys. Rev. B 72 (2005) 064444 (10 pages).
9. H. Chamati, S. Romano, L. Mól and A. R. Pereira, Three–dimensional generalized xy
models: A Monte Carlo study, Europhys. Lett. 72 (2005) 62–68.
10. H. Chamati and N. S. Tonchev, Generalized Mittag–Leffler functions in the theory of
finite–size scaling for systems with strong anisotropy and/or long–range interaction,
J. Phys. A: Math. Gen. 39 (2006) 469–478.
11. H. Chamati, A. Djankova and N. Tonchev, On the application of nonextensive
statistical mechanics to the black–body radiation, Physica A 360 (2006) 297–303.
12. L. Mól, A. R. Pereira, H. Chamati and S. Romano, Monte Carlo study of 2D
generalized XY–models, Eur. Phys. J. B 50 (2006) 541–548.
13. H. Chamati and E. Korutcheva, Relaxation time in confined disordered systems,
Preprint IC/2006/033, ICTP, Trieste, Italy, 2006; (11 pages).
14. H. Chamati and S. Romano, Berezinskiǐ–Kosterlitz–Thouless transition in two–
dimensional lattice gas models, Phys. Rev. B 73 (2006) 184424 (6 pages).
15. H. Chamati and S. Romano, Phase transitions in three dimensional generalized xy
models, Eur. Phys. J B 54 (2006) 249–254.
16. H. Chamati and S. Romano, First–order phase transitions in classical lattice gas spin
models, Phys. Rev. B 75 (2007) 184413 (9 pages).
17. H. Chamati and E. Korutcheva, Critical dynamics in confined systems with quenched
random impurities, Phys. Rev. B 77 (2008) 184416 (7 pages).
18. H. Chamati and S. Romano, Topological transitions in two–dimensional lattice
models of liquid crystals, Phys. Rev. E 77 (2008) 051704 (7 pages).
19. H. Chamati, Finite–size effects in the spherical model of finite thickness, J. Phys. A:
Math. Theor. 41 (2008) 375002 (22pages).
20. H. W. Diehl and H. Chamati, Dynamic critical behavior of model A in films: Zero–
mode boundary conditions and expansion near four dimensions, Phys. Rev. B 79
(2009) 104301 (23 pages).
21. H. Chamati and N. S. Tonchev, Comment on ‘Quantum critical paraelectrics and the
Casimir effect in time’, eprint arXiv:0903.5229 [cond-mat.stat-mech] (2009).
22. H. Chamati and S. Romano, Interaction anisotropy and random impurities effects on
the critical behavior of ferromagnets, J. Phys.: Conf. Ser. 253 (2010) 012011 (11
pages).
23. H. Chamati and N. S. Tonchev, Quantum critical scaling and the Gross–Neveu model
in 2 + 1 dimensions, EPL (Europhysics Letters) 95 (2011) 40005; 6 pages.
Theory and atomistic modeling of materials (H. Chamati):
The interaction potential between atoms in a system plays a crucial role in computer
simulations in the realm of materials science. The most used potentials in the literature
are those depending upon many body interactions, taking into account the local density of
electrons in the system under consideration. In the above mentioned papers, we have
proposed interaction potentials for the description of the physical properties of aluminum,
nickel and their thermodynamically stable alloys, gold, and iron. The models were found
to reproduce the experimental data of the corresponding materials better than their
counterparts published previously in the literature. These models were used in computer
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simulations of these materials to determine thermal and mechanical properties, selfdiffusion, nanostructures, etc.
24. N. I. Papanicolaou, H. Chamati, G. A. Evangelakis and D. A. Papaconstantopoulos,
Second–moment interatomic potential for Al, Ni and Ni–Al alloys, and molecular
dynamics application, Comput. Mater. Sci. 27 (2003) 191–198.
25. H. Chamati, M. S. Stoycheva and G. A. Evangelakis, Immersed nano–sized Al
dispersoids in an Al matrix: effects on the structural and mechanical properties by
molecular dynamics simulations, J. Phys.: Condens. Matter 16 (2004) 5031–5042.
26. H. Chamati and N. I. Papanicolaou, Second–moment interatomic potential for gold
and its application to molecular–dynamics simulations, J. Phys.: Condens. Matter 16
(2004) 8399–8407.
27. H. Chamati, N. Papanicolaou, Y. Mishin and D. Papaconstantopoulos, Embedded–
atom potential for Fe and its application to self–diffusion on Fe(100), Surf. Sci. 600
(2006) 1793–1803.
28. H. Chamati and N. Papanicolaou, Phonon density of states of iron from molecular
dynamics simulations, J. Optoelectron. Adv. Mater. 9 (2007) 159–161.
29. N. Papanicolaou and H. Chamati, Diffusion of a vacancy on Fe(100): A molecular–
dynamics study, Comput. Mater. Sci. 44 (2009) 1366–1370.
30. H. Chamati, Molecular dynamics study of the thermal properties of nickel, J. Mater.
Sci. Tech. 19 (2011) 42–51.
Nonlinear phenomena and solitons in condensed media (M. Primatarowa,
R. Kamburova & K. Stoichev):
The interaction of bright solitons (solutions of the nonlinear Schrödinger equation) with
extended defects (segments), exceeding the width of the soliton, was investigated
analytically and numerically. Inhomogeneities in the linear potential, the nonlinear and
dispersion coefficients were investigated. It was shown, that decreased coefficients act as
potential humps and lead to quasiclassical behavior of the soliton – transmission or
reflection, depending on its kinetic energy. Much more interesting is the case of increased
coefficients, which act as a potential well and yields nonclassical behavior of the soliton.
The numerical simulations show, that depending on the initial velocity and the potential,
there exist wide areas of transmission or capture of the soliton inside the segment, as well
as an intermediate region of parameters, in which the transmission and capture of the
soliton change periodically as a function of the length of the segment. The detailed
analysis showed, that this periodicity is due to excitation of shape oscillations of the
soliton at the first boundary and their resonant deexcitation at the second boundary. The
resonance occurs when the length of the segment is commensurate with the spatial period
of the shape oscillations. This is an important novel result in the theory of scattering of
solitons from wide defects.
The interaction of solitons with nonlinear point defects is investigated. Analytical
solutions are obtained for bright and dark static solitons placed over the defect. These
solutions have one or two maxima depending on the defect potential (attraction or
repulsion). The stability of the solutions has been investigated. It is shown, that the
single-peak solution is extremely stable, while the double-peak solution is not and it is
easily destroyed by asymmetric perturbations. The interaction of propagating solitons
with nonlinear defects is studied numerically. Depending on the parameters, the solitons
can be trapped, transmitted, reflected or split.
The soliton dynamics in molecular chains in the presence of a modified
intermolecular bond (bond defect) has been investigated. A perturbed nonlinear
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Schrödinger equation has been derived on the basis of a microscopic model, describing
the evolution of soliton pulses. It is shown that contrary to on-site defects, bond defects
introduce several velocity-dependent perturbing terms in the nonlinear Schrödinger
equation. A rich variety of scattering patterns is obtained in the case of attractive defects.
Vector solitons formed of pairs of nonlinear optical vibrations with orthogonal
polarizations in biaxial crystals are investigated. They are described by a system of
coupled nonlinear Schrödinger equations, which take account of linear birefringence,
cross-phase-modulation and group-velocity-dispersion mismatch. The equations are
solved numerically for different initial conditions and parameters. The stability of the
coupled solution is investigated. The group-velocity-dispersion mismatch, which has been
neglected in previous studies, modifies the properties of vector solitons and seems to
stabilize the fast-mode component.
The interaction of slow and fast narrow solitons with modified bond defects in
nonlinear lattices is studied numerically. Different evolutionary patterns are obtained and
a phase diagram in the wavenumber - defect strength parametric space is constructed.
Scattering of the two types of solitons from an array of consecutive defects is
investigated. The obtained periodicity in the scattering patterns as a function of the
number of defects for the two types of solitons is different and has a different nature.
The interaction of discrete (narrow) solitons with impurities in the integrable
Ablowitz-Ladik lattice model has been studied in detail. It plays an important role in
numerous physical systems, especially when the corresponding elementary excitations
obey Pauli statistics. Analytical solutions are obtained for bright and dark solitons bound
to the defect. On-site and inter-site (bond) defects are considered. A comparison with the
standard discrete nonlinear Schrödinger equation is made. Scattering of the discrete
solitons from point defects of different types is studied numerically.
The discrete nonlinear Schrödinger equation with third- and fifth-order
nonlinearities was investigated. Effects of discreteness for the homogeneous case were
analyzed. Exact analytical solutions were found for wide static solitons in the presence of
impurities. The bound soliton-defect solutions can be single-peak for attractive impurities
or double-peak for repulsive impurities. In contrast to the standard cubic nonlinear case,
where the positions of the peaks do not depend on the nonlinearity, now they are strongly
influenced by the quintic nonlinearity.
Two discrete nonlinear Schrödinger chains were investigated for both linear and
nonlinear coupling. The scattering of solitons from point defects in these systems was
studied numerically. The soliton dynamics depends on the interchain coupling, the soliton
parameters (velocity and width) and the defect strength. It is obtained that solitons which
are excited in one of the two chains can be perfectly switched and at the same time
transmitted, trapped or reflected by the impurity.
We study the ferromagnetic spin chain with both first- and second-neighbor
interactions. We obtained the condition for the appearance and stability of bright and dark
solitons for arbitrary wave number inside the Brillouin zone. The influence of the secondneighbor interaction and the anisotropy (inter-site or on-site anisotropy) on the soliton
properties is considered. The scattering of dark solitons from point defects in the discrete
spin chain is investigated numerically.
31. K.T. Stoychev, M.T. Primatarowa and R.S. Kamburova, Resonant scattering of
nonlinear Schrödinger solitons from potential wells, Phys. Rev. E 70, p. 066622 (5),
(2004).
32. M.T. Primatarowa, K.T. Stoychev and R.S. Kamburova, Interaction of Solitons with
Extended Nonlinear Defects, Phys. Rev. E 72, 036608 (2005).
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33. K.T. Stoychev, M.T. Primatarowa, and R.S. Kamburova, Interaction of solitons with
segments with modified dispersion, Phys. Rev. E 73, 066611 (2006).
34. M.T. Primatarowa, R.S. Kamburova, and K.T. Stoychev, Interaction of solitons with
localized nonlinear defects, JOAM 9, 152-154 (2007).
35. K.T. Stoychev, M.T. Primatarowa, and R.S. Kamburova, Resonant interaction of
solitons with extended defects, JOAM 9, 155-158 (2007).
36. M.T. Primatarowa, K.T. Stoychev and R.S. Kamburova, Interaction of solitons with
bond defects in discrete nonlinear Schrödinger chains, Phys. Rev. E 77, 066604(5)
(2008),
37. K.T. Stoychev, M. T. Primatarowa and R. S. Kamburova, Interaction of solitons with
defects and inhomogeneities in crystals, JOAM, 11, 1128-1134 (2009).
38. M.T. Primatarowa, R. S. Kamburova and K. T. Stoychev, Interaction of narrow
solitons with point defects in nonlinear lattices, JOAM, 11, 1388-1391 (2009).
39. M.T. Primatarowa and R.S. Kamburova, Bound Soliton-Impurity Solutions in Lattices
with Cubic-Quintic Nonlinearities, AIP Conf. Proc. 1203, 240-245 (2010).
40. R.S. Kamburova and M.T. Primatarowa, Interaction of Soliton with Impurities in Two
Coupled Nonlinear Chains, AIP Conf. Proc. 1203, 261-266 (2010).
41. M. T. Primatarowa and R. S. Kamburova, Dark soliton dynamics in classical onedimensional spin systems, J. Phys.: Conf. Ser. 253 012022, 6 pages (2010).
42. K. T. Stoychev, R. S. Kamburova and M. T. Primatarowa, Vibrational vector solitons
in biaxial crystals, J. Phys.: Conf. Ser. 253 012021, 5 pages (2010).
43. M. T. Primatarowa, R. S. Kamburova, Dark solitons in ferromagnetic chains with
first- and second-neighbor interactions, Cent. Eur. J. Phys. (Sept. 2012)
Quantum magnetic chains and nanostructures (N. Ivanov):
The basic results in this direction concern physical properties of unique magnetic
structures, such as mixed-spin magnetic rings, spin tubes and giant magnetic wheels.
Semiclassical spin-wave excitations in the mesoscopic giant ferric wheel Fe18: The
molecular ferric wheel Fe18(pdH)12(O2CEt)6(NO3)6 (Fe18 in short) is the largest magnetic
molecular wheel synthesized to date. Its large finite size and atomic spin (18 spin-5/2
magnetic atoms) makes it an ideal and unique magnetic nanostructure to explore the
mesoscopic physics of magnetic systems. The practical interest in this mesocsopic system
stems from its possible application as a qubit unit taking an intermediate place between
the microscopic (electronic) qubit and the classical bit based on the macroscopic magnetic
moment reversal.
Previous experiments, based on high-field magnetic torque and inelastic neutron
scattering measurements of the low-lying energy spectrum up to 2 meV , demonstrated a
specific dynamics of the order parameter, i.e., an evidence for quantum oscillations in the
Neel vector, as well as the existence of a tunneling gap due to a quantum phase
interference.
This work presents a comprehensive study of the low-lying spin excitations of the
wheel Fe18, combining inelastic neutron scattering experiments with both theoretical and
numerical tools such as the dynamical density matrix renormalization group (DDMRG)
method, the quantum Monte Carlo techniques (QMC), and the analytical spin-wave
theory adapted to finite systems. This complex approach allowed us to characterize and
discuss the magnetic properties of the magnetic mesoscopic nanostructure in great detail:
It is demonstrated, in particular, that physical concepts characteristic of small
magnetic rings – such as the existence of rotational L and E bands – are still applicable.
At the same time, the system clearly reveals semiclassical spin-wave excitations in the
low-energy part of the spectrum.
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In addition, the complex approach entirely determines the effective spin
Hamiltonian describing this system, which was shown to coincide with the
antiferromagnetic spin-5/2 Heisenberg chain constructed from two different alternating
nearest-neighbor exchange bonds (J=2.88 meV, J'=1.02 meV).
The discussed work puts a stable basis for future research in the area of the
magnetic nanostructures related to fundamental problems such as the quantum tunneling
of the order parameter, the structure of the low-energy spin states in mesoscopic magnetic
systems, the relation between macroscopic classical and quantum spin states, and the
quantum coherence at molecular scales.
Low-lying spin states of the frustrated spin tube [(CuCl2 tachH)Cl]2: For the moment,
this is the only known spin structure which is a magnetic analog of the calbon nanobubes.
Spin tubes constitute a special class of quasi-one-dimensional spin ladder systems
characterized by periodic boundary conditions in the rung direction. This magnetic
compound is a geometrically frustrated triangular spin tube, the frustration being related
both to the triangular arrangement of its rungs and to the twisted geometry of the legs.
The relatively simple exchange pathway structure, that thanks to high symmetry is
described by only two dominant Heisenberg exchange couplings, as well as the extremely
weak exchange interactions between neighboring tubes, renders this magnetic structure as
an excellent real material to study general properties of the spin-tube systems. Spin-1/2
Heisenberg Hamiltonian with two exchange parameters (i.e., intra rung and leg couplings)
is an appropriate spin model for this spin system.
This work presents precise measurements of the specific heat of the tube down to
extremely low temperatures (T~0.1 K) followed by a combined theoretical analysis using
a semiclassical description of spin excitations and quantum Monte Carlo caldulations. As
an analysis of the specific-heat data demonstrates that at low enough temperatures the
system exhibits a Tomonaga-Luttinger liquid behavior corresponding to an effective spin3=2 antiferromagnetic Heisenberg chain with short-range exchange interactions. On the
other hand, around 2 K the composite spin structure of the chain is revealed through a
Schottky-type peak in the specific heat. We argue that the dominating contribution to the
peak originates from gapped magnon-type excitations related to the internal degrees of
freedom of the rung spins.
The presented results definitely exclude previous suggestions about gapped
ground states and constitute a basis for future studies of this unique magnetic structure.
Diamond chains with multiple-spin exchange interactions: Spin systems with cyclic
exchange interactions constitute a separate class of magnetically frustrated spin systems
which presently considered as one of the laboratories for constructing new macroscopic
quantum states ot matter. These interactions are known, in particular, to be responsible
for the exotic physical properties of the triangular magnetic system composed of 3He
atoms absorbed on graphite surfaces. The diamond composite chains (DCC) are systems
of coupled spin diamonds and constitute one of the simplest classes of real spin system
admitting cyclic exchange interactions.
This work represents a theoretical analysis of such systems with four-spin cyclic
interactions, supported by extensive exact-diagonalization numerical results. It is argued
that DCC supports
a number of new quantum spin phases, among which two different tetramer-dimer
phases as well as an exotic fourfold degenerate dimerized phase. An interesting result of
this study is the appearance of effective spin models with three-spin interactions which
define a new class of frustrated spin systems with a specific (yet unknown) role of the
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magnetic frustrations.
44. N.B. Ivanov, J. Richter, and D.J.J. Farnell, Magnetic phases of the mixed-spin J1-J2
Heisenberg model on a square lattice, Phys. Rev. B, 66, 014421 (2002).
45. E.S. Pisanova, N.B. Ivanov and N.S Tonchev, Finite-Size and Temperature Effects in
the J1-J2 Model on a Strip, Physical Review, B 65, 212404 (2002).
46. V. Ravi Chandra, D. Sen, N.B. Ivanov, and J. Richter, Antiferromagnetic sawtooth
chain with spin-1/2 and spin-1 sites, - Phys. Rev. B, 69, p.214406, (2004).
47. N.B. Ivanov and J. Richter, Phase diagram of a frustrated mixed-spin ladder with
diagonal exchange bonds, Phys.Rev. B, 69, p.214420, (2004).
48. N.B. Ivanov and D. Sen, Spin wave analysis of Heisenberg magnets in restricted
geometries, Lect. Notes Phys. 645, pp. 195-226 (2004) in: Quantum Magnetism, ed.
by U. Schollwoeck et al. (Springer-Verlag, Berlin Heidelberg, 2004)
49. N.B. Ivanov and J. Richter, Magnetic phase diagram of a frustrated ferrimagnetic
ladder: Relation to the one-dimensional boson Hubbard model, Phys. Rev. B 73,
132407 (2006).
50. N.B. Ivanov, J. Richter, and J. Schulenburg, Diamond chains with multiple-spinexchange interactions, Phys. Rev. B 79, 104412 (2008).
51. N.B. Ivanov, J. Richter, and J. Schulenburg, Phase diagram of diamond chains with
four-spin exchange interactions Journal of Optoelectronics and Advanced Materials 1,
502 (2009).
52. N.B. Ivanov, J. Richter, and J. Schulenburg, Diamond chains with cyclic multispin
exchange interactions, Phys. Rev. B 79, 104412 (2009).
53. N.B. Ivanov, Spin models of quasi-1D quantum ferrimagnets with competing
interactions, Condensed Matter Physics 12, 435 (2009).
54. N.B. Ivanov, J. Sschnack, R. Schnalle, J. Richter, P. Koegerler, G. N. Newton, L.
Cronin, Y. Oshima, and H. Nojiri, Heat capacity reveals the physics of a frustrated
spin tube, Phys. Rev. Lett. 105, 037206 (2010).
55. J. Ummethum, J. Nehrkorn, S. Mukherjee, N. B. Ivanov, S. Stuiber,2 Th. Streassle, P.
L. W. Tregenna-Pigott, H. Mutka, G. Christou, O. Waldmann, and J. Schnack,
Discrete antiferromagnetic spin-wave excitations in the giant ferric wheel Fe18, Phys.
Rev. B 86, 104403 (2012).
Neural networks and complex systems (E. Koroutcheva):
A diagrammatic approach to the information transfer through a general non-linear
channel has been developed, by using the Feynman diagrams formalism. With this
method we were able to calculate the Mutual Information to any order of the nonlienarity.
The system-size resonance in a binary attractor neural network has been
investigated by studying the response of an attractor neural network to an external, timedependent stimulus, which drives the system periodically into two different attractors. A
non-trivial dependence of the system via a system size resonance, showing a signal
amplification maximum at a certain finite size, has been observed.
The Statistical Mechanics of the Blume-Emery-Griffiths model has been studied
in detail in terms of three macroscopic parameters: the overlap, the neural activity and the
overlap restricted to the active neurons. The time evolution of the extremely diluted
Blume-Emery-Griffiths neural network, has been studied and a detailed equilibrium phase
diagram has been obtained exhibiting pattern retrieval, fluctuation retrieval and selfsustained activity phases. It was shown that saddle-point solutions associated with
fluctuation overlaps slow down considerably the flow of the network states towards the
retrieval fixed points.
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The bump formations in attractor neural networks have been studied. Based on a
general attractor neural networks we were able to find the minima conditions for the
occurrence of the bumpy behaviour. Extended studies of this kind of states permit to find
their application for extracting the signature of natural images and therefore to look for a
possible applications in image recognition.
We developed a statistical analysis of digital images and biological time series
(EEG), based on the search of the most informative part of the pattern, for detecting the
unusual parts inside the images or the time series. The method has been used in the
analysis of large medical data base and directly used in practice for detecting anomalies
by using he previously developed formalism of bump formations.
The statistical analysis of written texts has been developed by analysing the
frequency and the distribution of the words inside a given text for finding the parts that
give the maximal information. The results has been used in compression and information
processing related tasks.
The critical static and dynamics of hyper-cubic finite size system in the presence
of quenched short-range correlated disorder has been studied. By using the random
temperature model A for the critical dynamics and the renormalization group method in
the vicinity of the upper critical dimension, we derive the expression for the relaxation
time. Its finite-size scaling behaviour has discussed both analytically and numerically in
details.
The thermodynamic aspects related to the wetting in the growth and self-assembly
of three-dimensional (3D) coherent islands were studied using an energy minimization
scheme in a 1+1-dimensional atomic model with anharmonic interactions. It was found
that the thermodynamic driving force for 3D-cluster formation is the reduced adhesion of
the islands to the wetting layer at their edges. In agreement with experimental
observations, for values of the lattice mismatch larger than a critical misfit, a critical
island size for the 2D-3D transition was found.
We have studied nonequilibrium growth models with a conserved drift by
focusing on the two-dimensional case and show that it is possible to construct conserved
surface growth equations. We have explained the presence of the scaling laws in terms of
the existence of geometric principles dominating the dynamics.
We have developed a formalism for the study of social models by using coupled
Ising models in a discrete choice theory framework, where they can be understood to
represent interdependent choice making processes for homogeneous populations under
social influence. Two different coupling schemes have been considered. The nonlocal or
group interdependence model was used to study two interrelated groups making the same
binary choice. The local or individual interdependence model represented a single group
where agents make two binary choices which depend on each other. For both models,
phase diagrams, and their implications in socio-economic contexts, were described and
compared in the absence of private deterministic utilities (zero opinion fields).
56. E.Korutcheva and V.Del Prete, "A diagrammatic approach to study the information
transfer in weakly non-linear channels", Int. J. Mod. Phys. B, vol. 16, 3527 (2002).
57. D.Dominguez, E.Korutcheva, W.Theumann and R.Erichsen, "Flow diagrams of the
quadratic neural network", LNCS, Springer, vol. 2415, 127 (2002)
58. E.Korutcheva and V.Del Prete, “A diagrammatic approach for the information
transfer", in “Novel trends in Condensed Matter”, Nova Science, vol. 5, 1 (2003)
59. D.Bollé, D.Dominguez, E.Korutcheva, W.Theumann and R.Erichsen, "Time evolution
of the extremely diluted Blume-Emery-Griffiths neural network", Physical Review E,
vol. 68, 062901-1 (2003).
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60. E.Korutcheva and R.Cuerno , Eds. ”Advances in Condensed Matter and Statistical
Physics” Nova Science Publ., New York, ISBN: 1-59033-899-5 (2004).
61. D.Dominguez and E.Korutchev ”Statistical Mechanics of the Blume-Emery-Griffiths
model” In: Nova Science Publ., New York, E.Korutcheva and R.Cuerno Eds. ISBN:
1-59033-899-5, p. 349 (2004).
62. E.Prieto, E.Korutcheva and I.Markov, ”Formation and self-assembly of coherent
quantum dots: some thermodynamic aspects” in "Progress in Quantum Dot Research",
Nova Science Publ. ISBN 1-59454-406-9, p. 123 (2004).
63. K.Koroutchev and E.Korutcheva, "Conditions for the emergence of spatially
asymmetric retrieval states in an attractor neural network", Central European Journal
of Physics, vol. 3(3), p. 409 (2005).
64. M.A.de la Casa, E.Korutcheva , J.M.R.Parrondo and J. de la Rubia "System-size
resonance in a binary attractor neural network'' Physical Review E, vol. 72, 031113
(2005).
65. K.Koroutchev and E.Korutcheva "Bump formations in binary attractor neural
network'', Physical Review E, vol. 73, 026107-1 (2006).
66. K.Koroutchev and E.Korutcheva "Bump formations in attractor neural network and
their application to image reconstruction.'' In: Cooperative behavior in neural systems,
AIP, vol. 887, p. 242 (2006).
67. K. Koroutchev and E.Korutcheva “Improved storage capacity of Hebbian learning
attractor neural networks with bump formations” LNCS, Springer, ISSN 0302-9743,
p. 235 (2006).
68. K.Koroutchev and E.Korutcheva “Detecting the Most Unusual Part of a Digital
Image”. LNCS, Springer, vol. 4958, p. 286 (2008).
69. K. Koroutchev and E. Korutcheva “Fast Algorithm for Detecting the Most Unusual
Part of 2d and 3d Digital Images. Application to Large Medical Databases.” WSEAS
Transactions on Information Science & Applications, Issue 11, Vol. 5, p. 1597 (2008).
70. K. Koroutchev and E. Korutcheva “Detecting the most unusual part of two- and threedimensional digital images” Pattern Recognition, vol. 42(8), p. 1684 (2009).
71. K. Koroutchev, E. Korutcheva and Jian Shen “Written Texts as Statistical Mechanical
Problem” LNCS, vol. 5766, p. 241 (2009).
72. K. Koroutchev, E. Korutcheva, K.Kanev, A. Rodriguez Albarino, J. L. Muniz
Gutierrez , F. Farinas Balseiro “Detection of Unusual Objects and Temporal Patterns
in EEG Video Recordings” LNCS, vol. 5875, p. 965 (2009).
73. A. Fernandez del Rio, E.Korutcheva and F.J. de la Rubia “Interdependent binary
choices under social influence: phase diagram for homogeneous unbiased
populations” Complexity, vol. 17, No. 6, p. 31 (2012).
74. C. Escudero and E.Korutcheva “Origins of scaling relations in nonequilibrium
growth” J. Phys. A: Math. Theor. vol. 45, p. 125005 (2012)

Application of Statistical physics to biology, sociology and economy (P. Ivanov):
A hypothesis is proposed that because of the neuroautonomic responsiveness in young
subjects, fractal and nonlinear features of cardiac dynamics exhibit a pronounced
stratification pattern across sleep stages, while in elderly these features will remain
unchanged due to age-related loss of cardiac variability and decline of neuroautonomic
responsiveness. The variability and the temporal fractal organization of heartbeat
fluctuations across sleep stages in both young and elderly was analyzed. It was found that
independent linear and nonlinear measures of cardiac control consistently exhibit the
same ordering in their values across sleep stages, forming a robust stratification pattern.
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Despite changes in 8 sleep architecture and reduced heart rate variability in elderly
subjects, this stratification surprisingly does not break down with advanced age.
Moreover, the difference between sleep stages for some linear, fractal, and nonlinear
measures exceeds the difference between young and elderly, suggesting that the effect of
sleep regulation on cardiac dynamics is significantly stronger than the effect of healthy
aging.
A new cross-correlations test Q(CC)(m) was introduced (with m for the number of
degrees of freedom). If there are no cross-correlations between two time series, the crosscorrelation test agrees well with the X-2(m) distribution. If the cross-correlations test
exceeds the critical value of the X-2 (m) distribution, then we say that the crosscorrelations are significant. It was shown that if a Fourier phase-randomization procedure
is carried out on a power-law cross-correlated time series, the cross-correlations test is
substantially reduced compared to the case before Fourier phase randomization. The
effect of periodic trends on systems with power-law cross-correlations was investigated
as well.
Numerical lattice simulations of an excitable medium were performed. It was
shown that the interaction of a spiral wave with a periodic train of planar fronts leads to
annihilation of the spiral wave even when i) the period of the fronts is longer than the
period of the spiral and ii) the annihilating fronts are released at a significant distance
from the spiral. The observed annihilation is not due to spiral drift, and occurs well inside
the lattice.
It has been suggested that dynamical processes, influenced by inputs and feedback
on multiple time scales, may be sufficient to give rise to 1/f scaling and scale invariance.
Two examples of physiologic signals that are the output of hierarchical multiscale
physiologic systems under neural control are the human heartbeat and human gait. We
showed that while both cardiac interbeat interval and gait interstride interval time series
under healthy conditions have comparable 1/f scaling, they still may belong to different
complexity classes. Our analysis of the multifractal scaling exponents of the fluctuations
in these two signals demonstrates that in contrast to the multifractal behavior found in
healthy heartbeat dynamics, gait time series exhibit less complex, close to monofractal
behavior. Further, we find strong anticorrelations in the sign and close to random
behavior for the magnitude of gait fluctuations at short and intermediate time scales, in
contrast to weak anticorrelations in the sign and strong positive correlation for the
magnitude of heartbeat interval fluctuations-suggesting that the neural mechanisms of
cardiac and gait control exhibit different linear and nonlinear features. These findings are
of interest because they underscore the limitations of traditional two-point correlation
methods in fully characterizing physiological and physical dynamics.
75. H.D. Jennings, P.Ch. Ivanov, A.M. Martins, P.C. da Silva, G.M. Vishwanathan,
Variance fluctuations in nonstationary time series: a comparative study of music
genres, Physica A, 336: 585, (2004).
76. K. Hu, P.Ch. Ivanov, Z. Chen, M.F. Hilton, H.E Stanley, S.A. Shea,Intrinsic Patters of
Human Activity: Scaling and Nonlinear Dynamics in Forearm Motion,Physica A,
337:307, (2004).
77. P.Ch. Ivanov, A. Yuen, B. Podobnik, Y. Lee,Common Scaling Patterns in Intertrade
Times of U. S. Stocks, Physical Review E, 69, p.056107 (7), (2004).
78. L. Angelini, M. De Tommaso, M. Guido, K. Hu, P. Ch. Ivanov, D. Marinazzo, G.
Nardulli, L. Nitti, M. Pellicoro, C. Pierro, S. Stramaglia,, Steady-state visual evoked
potentials and phase synchronization in migraine, Physical Review Letters, 93 (3),
p.038103(4), (2004).
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79. P. Carpena, P. Bernaola-Galvan, and P.Ch. Ivanov., New class of level statistics in
atomic chains with correlated disorder, Physical Review Letters, 93 (17), p.176804(4),
(2004).
80. C.-C. Lo, T. Chou, T. Penzel, T. Scammell, R.E. Strecker, H.E. Stanley, and P.Ch.
Ivanov, Common scale-invariant patterns of sleep-wake transitions across mammalian
species, Proc. Natl. Acad. Sci., 101(50), pp.17545—17548, (2004).
81. P.Ch. Ivanov, K. Hu, M.F. Hilton, Z. Chen, R.T. Ayers, H.E. Stanley, S.A. Shea,
Endogenous circadian rhythm in an index of cardiac vulnerability independent of
changes in behavior, Proc. Natl. Acad. Sci., 101(52), pp. 18223-18227, (2004).
82. P.Ch. Ivanov, Zhi Chen, Kun Hu, H. Eugene Stanley, Multiscale aspects of cardiac
control, Physica A, 344(3-4), pp.685-704, (2004).
83. B. Podobnik, P. Ch. Ivanov, I. Grosse, K. Matia, H.E. Stanley, ARCH-GARCH
approaches to modeling high-frequency financial data, Physica A, 344(1-2): 216-220,
(2004).
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86. M.A. de la Casa, F.J. de la Rubia and P.Ch. Ivanov. Patterns of spiral wave
attenuation by low-frequency periodic planar fronts, Chaos, 17 (2007).
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Medicine and Biology Magazine (ISSN 0739-6175).
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B, 71 (2), 243-250 (2009).
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and Elderly, IEEE Transaction on Biomedical Engineering, 56 (5), 1564-1573 (2009).
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18005 (2009).
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Yoneyama, Levels of complexity in scale-invariant neural signals, Physical Review E,
79 Article Number: 041920.
92. J. Shao, P. Ch. Ivanov, B. Urosevic; H.E. Stanley, B. Podobnik, Zipf rank approach
and cross-country convergence of incomes, EPL (Europhysics Letters), 94 (2011),
48001.
93. C. Carretero-Campos, P. Bernaola-Galván, P. Ch. Ivanov and P. Carpena Phase
transitions in the first-passage time of scale-invariant correlated processes
Phys. Rev. E 85 (2012) 011139; 6 pages
94. A. Bashan, R. P. Bartsch, J. W. Kantelhardt, S. Havlin & P. Ch. Ivanov
Network physiology reveals relations between network topology and physiological
function Nature Communications 3 (2012) 702; 9 pages
95. Ronny P. Bartscha, Aicko Y. Schumannc, Jan W. Kantelhardtd, Thomas Penzele, and
Plamen Ch. Ivanov, Phase transitions in physiologic coupling, Proceedings of the
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National Academy of sciences of the United States of America 109 (2012) 1018110186.
96. Bernaola-Galvan, P; Oliver, JL; Hackenberg, M; Coronado, AV;Ivanov, PC; Carpena,
P. Eur. Phys. J. B 85 (2012) 211
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Theory of quantum crystals and quantum fluids (D. Pushkarov):
Phase transitions near the 3He-4He separation line were investigated and the role
of the delocalized vacancies and quantum impurities was considered. This is the case
where the quantum nature of vacancies in quantum solutions is best manifested. The
nonequilibrium vacancions become centres of the Andreev-Pushkarov’s nanoclusters.
The effect these nanoclusters on the phase separation as well on the impurity diffusion
were studied.
The nature of the supersolid state found experimentally by Kim and Chan (2004)
in solid 4-He was investigated. A critical analysis of the existing theories is carried out
and the role of the defects in the nonclassical momentum of inertia was considered. A
two-fluid model is presented based on the conservation laws without Landau criterion. It
is shown that a superfluid behaviour in the crystal is possible if the defecton dispersion is
not quadratic.
98. D.I. Pushkarov, Lattice effects in the quasiparticle dynamics and kinetics, Eur. Phys.
J., B29 , 295-300, (2002).
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99. D.I. Pushkarov, Vacancy-Impurity Nanoclusters in Solid Solutions of He — He,
Phys.Rev.B. 70 72506 (2004)
100. D.I. Pushkarov, Quantum Diffusion, Central Eur. J.Phys. 2, 420-455 (2004)
101. D.I. Pushkarov, Vacancy-Impurity Nanoclusters in Solid Solutions of 3He—4He,
arXiv cond-mat/0405010
102. D.I.Pushkarov, Vacancy-Impurity Nanoclusters in Phase-Separated Solid Mixtures
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He - He, Preprint ICTP Trieste IC/2004/116.
103. D.I. Pushkarov,- Is the supersolid superfluid, arXiv:0901.3218v1, 2009.
104. D.I. Pushkarov, Vacancy-impurity nanoclusters in solid solutions 3He- 4He, J.
Phys.: Conf. Ser. 253 (2010) 012019; 9 pages.
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The laboratory performs research in the field of condensed matter theory. The last
ten years the research was focused mainly on four topics: (1) effects of magnetic
fluctuations on the normal-to-superconducting phase transition, (2) theory of
unconventional ferromagnetic superconductors, (3) quantum phase transitions, and (4)
self-consistent theoretical approach to the study of many-body systems. Here we briefly
outline our main achievements. Our results are available in the second, largely extended
edition of a monograph, published by World Scientific, three chapters of books, one
review article, and more than twenty research papers, published in distinguished scientific
journals and/or issues of the most distinguished Publishers.
Effects of magnetic fluctuations on the normal-to superconducting phase transition:
At the critical point of the superconducting phase transition the mean magnetic induction
is equal to zero but fluctuations of this quantity still exist and produce an important effect
of a fluctuation change of the order of the superconducting phase transition: from second
order (in case of neglecting of the magnetic fluctuations) to a phase transition of first
order when these fluctuations are properly taken in account. The mechanism of this effect
is in the quite special gauge invariant interaction between the superconductivity field and
the vector potential field of the fluctuating magnetic induction. A similar effect due to a
similar mechanism exists at the nematic-to-smectic a phase transition in liquid crystals.
The superconductivity field is a nonrelativistic analogue of the Higgs boson described by
Abelian-Higgs models and the mechanism described above is quite similar to that of
massive fields (particles) creation within the elementary particle theory.
Although this physics is extremely important, the mentioned effect of fluctuation
change of the phase transition order is very weak and unobservable by experiments with
usual 3D samples. Our main achievement is in a development of the theory of this effect
for thin superconducting films of nano-size thickness (20-500Å). We have been able to
demonstrate that the effect in such quasi-2D superconductors is thousands times stronger
and, hence, could be experimentally detected. We have found and analyzed in details the
physical conditions which may favor successful experiments.
Theory of unconventional ferromagnetic superconductors
In 2000- 2001 the remarkable phenomenon of coexistence of itinerant
ferromagnetism and unconventional (spin-triplet) superconductivity was discovered in
experiments on several intermetallic compounds at low temperatures (T ~ 1 K) and high
pressure (P ~ 1.6 GPa). While the microscopic theory is still unclear, we were able to
develop a successful quasi-phenomenological theory of Ginzburg-Landau type. One of
the terms in our Ginzburg-Landau functional describes a specific interaction between the
superconductivity vector field and the magnetization vector field. This term plays the role
of “M-trigger” of the unconventional superconductivity. Within our theory we are able to
outline the experimental (T,P) phase diagrams, including the shape of the domain of
coexistence of ferromagnetism and superconductivity, the order of the phase transitions
and the experimentally observed multi-critical points in a remarkable agreement with the
experimental data. Owing to quantitative criteria deduced by the same theory, we were
able to justify the existence of unconventional ferromagnetic superconductors of two
different types, type I and II, distinguished by the essential difference in their phase
diagrams; in accord with experimental observations. Moreover, our theory explains the
experimentally observed quantum phase transitions. The theory is currently in use in the
leading experimental and theoretical groups working in this field.

22

Quantum phase transitions:
An entire study of basic problems of quantum phase transitions was performed and
published as a monographic review in Phys. Reports C (2003). New results about the
scaling anomaly and the non-universality of the quantum critical behavior in some boson
systems were presented.
Self-consistent approach to many body systems revisited:
The self-consistent approach to the description of many-body systems was extended to
include multi-particle correlations. For this aim a cumulant expansion for lattice models
was developed. On the basis of this approach new effective field theories were derived,
where the vertex parameters contain effects of the inter-particle correlations. Our
analytical calculation gives a critical temperature of the 3D Ising model which slightly
departs from the result obtained by supercomputers.
105. D.V. Shopova, T. P. Todorov, T. E. Tsvetkov, and D. I. Uzunov, Mod. Phys. Lett.
B 16 (2002) 829.
106. D.V. Shopova, T. P. Todorov, and D. I. Uzunov, Mod. Phys. Lett. B17 (2003)
141- 146.
107. D.V. Shopova and D. I. Uzunov, Phys. Lett. A 313 (2003) 139.
108. D. V. Shopova and D. I. Uzunov, J. Phys. Studies, 7, issue 4 (2003) 426.
109. D. V. Shopova and D. I. Uzunov, Compt. Rend Acad. Bulg. Sci. 56 (2003) 35.
110. D.V. Shopova, T. P. Todorov, J. Phys. Condensed Matter, 15 (2003) 5783.
111. D.V. Shopova, T. P. Todorov, Phys. Lett. A 314 (2003) 250.
112. D.V. Shopova, T. P. Todorov, J. Phys. Studies issue 3 (2003) 330.
113. D. V. Shopova, and D. I. Uzunov, Phys. Lett. A 328 (2004) 232.
114. V. Shopova, T. E. Tsvetkov, and D. I. Uzunov, Cond. Matter Phys. 8 (2005) 181;
a. D. V. Shopova, and D. I. Uzunov, Phys. Rev. B 72 (2005) 024531.
115. D. V. Shopova, and D. I. Uzunov, Bulg. J. of Phys. 32 (2005) 81-114. (invited
review article)
116. D. I. Uzunov, Phys. Rev. B 74 (2006) 134514.
117. T. Tsvetkov, Journal of BAS, 1 (2006) 55.
118. D. V. Shopova, T. E. Tsvetkov, and D. I. Uzunov, J. Phys. Studies, 10 (2006), pp.
330-350.
119. D. V. Shopova and D. I. Uzunov, in: Progress in Ferromagnetism Research, ed.
by V. N. Murray (Nova Science Publishers, New York, 2006) pp. 223-254. ISBN: 159454-469-7.
120. D. I. Uzunov, Europhys. Lett. 77 (2007) 20008.
121. D. I. Uzunov, Phys. Rev. E 78 (2008) 041122.
122. D. V. Shopova and D. I. Uzunov, in: Progress in Superconductivity Research, ed.
by Oliver A. Chang ( Nova Science Publishers, New York, 2008), pp. 25 -76; ISBN:
1-60021-694-3.
123. M. G. Cottam, D. V. Shopova, and D. I. Uzunov, Phys. Lett. A 373 (2008) 152155.
124. D. V. Shopova and D. I. Uzunov, Phys. Rev. B 79 (2009) 064501.
125. H. Belich, Octavio D. Rodrigue Salmon, D. V. Shopova and D. I. Uzunov, Phys.
Lett.. A 374 (2010) 4161.
126. Dimo I. Uzunov, Introduction to the Theory of Critical Phenomena (World
Scientific, Singapore New Jersey-London, 2010) Second edition (largely extended and
corrected).
127. H. Belich and D. I. Uzunov, Bulg. J. Phys. 39 (2012) 27.
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128. D. I. Uzunov, Phys. Rev. B (2012), “Comment on “Fluctuation-induced first-order
transition p-wave superconductors” by Qi Li, D. Belitz, and J. Toner [Phys. Rev. B
79, 054514 (2009)]; (See also ArXiv: 1207.1261).
129. D. I. Uzunov, in: “Superconductors – Materials, Properties, and Applications”,
ed. by A. Gabovich (Intech, 2012; in press), ISBN 979-953-307-798-6.
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LIGHT-MATTER INTERACTION
Investigations carried out in the Institute of Solid State Physics of the Bulgarian
Academy of Sciences resulted in a series of novel experimental results, revealing the socalled Surface Photo Charge Effect (SPCE). The effect is based on the interaction of any
solid body with electromagnetic field, which generates on the body an alternating,
electric signal with the same frequency as the frequency of the incident field. In the
idealized case of two bodies in space, assuming that one of them has a zero potential and
the second one is being irradiated, the electric signal appears between the two bodies.
Under real conditions, the electric signal exists between the irradiated body and the total
mass of the system. The signals measured are in the nano- and micro-volt scale, while the
measurement itself is contactless and fast. The name ‘Surface Photo Charge Effect’ was
established years ago in discussions with leading scientists. Nevertheless, this term does
not completely reflect some of the newly obtained results. According to the experimental
results, the SPCE is induced by electromagnetic field irradiation with frequency not only
in the visible and the adjacent regions of the spectrum, but also for frequencies ranging
from 1 Hz up to 1 GHz. The effect is expected to occur in the entire electromagnetic
spectral range. When a constant electric field is applied, SPCE could not be observed.
This peculiarity can be used for a simple and prompt verification whether the measured
signal is due to the SPCE or to other similar effects, such as external and internal
photoelectric effect, thermal electricity, etc. There are other ways to prove the case of
SPCE. For example, by using spectral studies, signals generated by SPCE or by external
photo electric effect can be distinguished. The latter is an effect similar to the SPCE in the
visible range of the electromagnetic spectrum. The separation is possible because a limit
exists for the wavelength of the incident radiation in the case of the external photo electric
effect, after which it cannot occur. Beyond this limit only SPCE can be observed [1, 2].
Physical models, regarding the mechanism of the SPCE in various types of solids,
were created in order to explain the experimental results [3]. For example, in
semiconductors the effect consists in the occurrence of a voltage in the solid sample under
irradiation, due to the redistribution of near-surface charges induced by the
electromagnetic field. The SPC voltage originates from changes provoked in the
electrostatic potential of the double layer at the semiconductor surface.
An important property that has been established is that each solid generates a
specific signal, which is determined by inherent properties of the object. For example –
each body can be characterized by its weight, determined by the interaction between the
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body and the gravitational field of the Earth. In a similar way, it can be characterized by
the SPCE, which is determined by the interaction of the body with an electromagnetic
radiation.
Based on our experimental and theoretical results on electromagnetic field–matter
interaction sensors for quality control for a wide range of applications are being
developed. These sensors react to different changes in the investigated samples. The
approach is contactless, nondestructive, in-situ and online. The sensors are quick, highly
sensitive, small, reliable and cheap. Impurities, reactions, defects, surface structures,
liquid levels, changes in fluids and raw materials, electrical characteristics such as type of
conductivity; semiconductor properties, etc. can be detected [2]. Sensors for the specific
needs of the partner can be developed.
Some of the experimentally tested up to now applications are: visualizing the shape
of produced surface structures; contactless characterization of semiconductors; remote
retrieval of information for a solid object and its displacement; temperature dependence
of sample parameters; gas, vapor and liquid sensors - for example for the octane factor of
gasoline, level-meter without moving parts, deposition of CaCO3 [4] etc.; chemical
composition testing of samples - for example counterfeit coins [5], absorbing filters for
gases and liquids, testing of drinking water, foods [6], details for the industry, incoming
raw materials [7], etc.
Like example the results from the scan of a GaP plate are shown in this
figure. The GaP specific resistivity was ρ=10 -1 – 10 -2 Ω.cm and the plate was cut
perpendicularly to the direction of crystal growth. A part of the crystal surface
including the central area, was scanned. It is known that during the crystal growth,
more impurities would be accumulated in the region close to the central axis. As it
can be seen from figure, there is a sharp increase in the SPCE voltage in the central
region of the plate [1].
Theoretical work on the dynamics of two- and three-level quantum systems has
also been carried out. Specifically, coherent control of quantum transitions between
preselected electronic states in atoms and molecules by pulsed laser fields. The developed
techniques are experimentally feasible, and can be applied on a variety of problems
concerning atomic and molecular gases, ion traps, solid state etc.
In particular, we consider the technique of stimulated Raman adiabatic passage
(STIRAP), that is a highly efficient tool for coherent population transfer in a chainwise
connected three-state quantum system, 1-2-3. It is widely accepted that the two-photon
resonance between the two end states of the chain is a crucial condition for STIRAP. This
assumption is indeed correct when the two driving fields, pump and Stokes, produce
nearly equal couplings for their respective transitions. We show, that when the pump and
Stokes couplings differ significantly, the two-photon population transfer profile is
distorted and its center is shifted away from the two-photon resonance; hence the optimal
operation of STIRAP demands a two-photon detuning [8]. These results are of potential
importance in situations when the pump and Stokes fields are of different physical nature,
e.g., laser and cavity fields, or when two-photon resonance is unwanted, e.g., in the
presence of residual light. We also analyze the transition time in STIRAP, [9], that is the
time it takes for the population to be transferred from state 1 to state 3. Contrary to the
naive expectation that the transition time might be proportional to the delay between the
pump and Stokes pulses, or to the width of their overlap region, we find that the transition
time is inversely proportional to the delay, i.e. larger delays produce faster transitions.
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Mechanical stress (MS) is studied in different materials, which are important for
present-day science. One of these materials is hydrogenated microcrystalline Si (µc-Si:H).
A fundamental constant, Raman Mechanical Coefficient (RMC) is determined for it based
on a combined study of the internal stress and Raman shift of the crystalline mode. The
value found should supplant the previous usage of the value for c-Si by other authors for
µc-Si:H thin films.
Other materials which are, but, used for obtaining optical waveguides, respectively
using dielectric films, are LiNbO3 and LiTaO3. The method used for measuring the stress
is applied for the first time to those materials. It is shown for the both type of waveguides
that there is a certain thickness of about 0.3 µm of the strongly protonated sublayer,
which corresponds to a minimal stress for the entire proton exchanged layer. Stress
behaviour gives the opportunity to enlarge the view on phase composition, such as, from
the sign and the magnitude of the MS the substitution-interstitial proton ratio could be
estimated.
It is found experimentally for the first time, by measuring MS, a stress-free
composition for thin films of GexSb40-xS60 family. This phase is connected to selforganization of the structural units of the film, which is realized by percolation collapse.
The narrowing of the stress-free region in the thermally annealed films is a result of loss
in the self-organization as the network begins to nanoscale phase separate.
Royal Society International Grant by Erasmus Scheme between University of
Dundee, UK DUNDEE (Dr. Steve Reynolds) and Institute of Solid State Physics, BAS,
Sofia (Dr. Kate Christova) on the topic of “Light-Induced Strain and Localized Electronic
States in Silicon Thin Films”, 2009.
Selected papers:
1. O. Ivanov, Sensor applications of field-matter interactions, In Encyclopedia
of Sensors, (invited), Grimes C. A., Dickey E. C. & Pishko M. V. (editors),
American Scientific Publishers, Stevenson Ranch, California, vol 9, 165-197
(2006)
2. O. Ivanov, M. Kuneva, Quality control methods based on electromagnetic
field-matter interactions, In Application and Experience of Quality Control, O.
Ivanov (editor), INTECH, Vienna, 509-536 (2011)
3. O. Ivanov, Eugene Leyarovski, V. Lovchinov, Chr. Popov, M. Kamenova and
M. Georgiev, Photoinduced electrification of solids. III. Temperature
dependences, xxx.lanl.gov, Paper ID: cond-mat/ 0706.3877 (2007)
4. O. Ivanov, L. Konstantinov, Investigations of liquids by photo-induced charge
effect at solid-liquid interfaces, Sensors and Actuators B, 86, 287-289 (2002)
5. O. Ivanov, A. Vaseashta and L. Stoichev, Rapid, contactless, and nondestructive testing of chemical composition of samples, In Functionalized
Nanoscale Materials, Devices and Systems for Chem.-bio Sensors, Photonics,
and Energy Generation and Storage, Vaseashta, Ashok K.; Mihailescu, Ion N.
(Eds.), Springer, 331-334 (2008)
6. O. Ivanov and S. Radanski, Application of Surface photo charge effect for
milk quality control, Journal of Food Science (invited), 74, R79 – 83 (2009)
7. O. Ivanov, Zh. Stoyanov, B. Stoyanov, M. Nadoliisky, A. Vaseashta, Fast
contactless control of the chemical composition of raw materials, In
Technological Innovations in Sensing and Detection of Chemical, Biological,
Radiological, Nuclear Threats and Ecological Terrorism, A. Vaseashta, E.
Braman, Ph. Susmann, (Eds.), Springer, 185 - 189 (2012)
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8. Iavor I. Boradjiev and Nikolay V. Vitanov, „Stimulated Raman adiabatic
passage with unequal couplings: Beyond two-photon resonance”, Phys. Rev.
A 81, 053415 (2010)
9. Iavor I. Boradjiev and Nikolay V. Vitanov, „Transition time in STIRAP”,
Phys. Rev. A 82, 043407 (2010)
10. K. Christova, S. Alexandrova, A. Abramov, E. Valcheva, B. Ranguelov, C.
Longeaud, S. Reynolds, P.Roca I Cabarrocas, “Stress Characterization of
Thin Microcrystalline Silicon Films”, International Review of Physics 6,
2012, 106
11. M. Kuneva, K. Christova, S. Tonchev, “LiNbO3 photon-exchanged waveguide
layers: phase composition and stress” EPL 95, 2011, 67005
12. K. Christova, A. Manov, V. Pamukchieva, A. G. Fitzgerald, L. Jiang,
“Mechanical stress studies of amorphous GeXSb40-XS60 film”, J. Non-Cryst.
Solids 325, 1-3, 2003, 142
13. B. K. Debnath, A. G. Fitzgerald, K. Christova, “X – ray photoelectron
spectroscopy studies of Ag – doped thin amorphous GeXSb40-XS60 films”,
Appl. Surf. Sci. 202, 2002, 261
14. Mladen Georgiev, cond-mat arXiv:0902.0787: “Theory of a quantummechanical nucleation rate: classical vs. quantal nucleation.”
15. Mladen Georgiev, cond-mat arXiv:0902.3238: ”Transient and quantal
nucleation in solids: a statistical approach.”
16. Mladen Georgiev, cond-mat arXiv:0903.0856:”Mode-coupled barriercontrolled atomic processes in solids: a comparative study.”
17. Mladen Georgiev, cond-mat arXiv:0903.4688:”Migration of photogenerated
charge carriers in silver halides: small polaron transport.”
18. Mladen Georgiev, cond-mat.mtrl-sci arXiv:0911.1115: “Statistical transfer
rates associated with higher-symmetry potential-energy wells in solids:
Application to photoinduced desorption and electrification”
19. Mladen Georgiev, phys-chem –ph arXiv:1005 2577 Mladen/0036073: „Small
polaron confinement revised“
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Prof. D.Sci M. Gospodinov, Assoc. Prof. Dr. S.G. Dobreva; Assoc. Prof. Dr. T.I.
Milenov; Assoc. Prof. Dr. Zl. I. Dimitrova; Asist. Prof. M.N. Veleva; Asist. Prof.
L.K. Yankova; Asist. Prof. V. Tomov, Asist. Prof. D.I. Toncheva; O.B. Mihailov,
Technician
The research work of the Laboratory of Crystal Growth was focussed on four
main tasks:
-growth of Bi12MO20 (M= Ge, Si and Ti) and Bi4Ge3O12 pristine and doped
crystals with application in the field of non- linear optics and optical information storage;
-investigation of two and three-dimensional defects in face-centered cubic (fcc)
and body-centered cubic (bcc) structures;
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-growth and investigation of complex oxides with perovskite, double perovskite
and spinel structures;
-synthesis and characterization of different allotropic forms of carbon (layers and
microcrystals), doping and functionalization of single-walled carbon nanotubes (SWNT).
Single crystals with hexagonal structure of the systems Er - Mn - O, Tb - Mn - O,
Y - Mn - O, Lu - Mn – O were obtained by the high-temperature solution method. The
composition and the basic structural parameters of the crystals were determined. Optimal
growth conditions were established for perovskite-like orthorhombic crystals of the type
RMn2O5 (R=Tb,Dy,Ho), which have multiferroic behavior, or in other words, exhibit
both a ferroelectric and a ferromagnetic phase transition. We also studied the magnetic
transport in La0,6D0,4MnO3 crystals upon substitution of the divalent ion, as well as
structural anomalies with the magnetic and the ferroelectric phase transition in single
crystals of RMn2O5.
Upon applying of a magnetic field in the temperature interval, defined by the
plateau of anomalous behavior of the dielectric constant, a new phase was found in
hexagonal multiferroic HoMnO3. This anomaly exhibits a temperature and magnetic-field
dependence without a distinguishable hysteresis. This can be explained by an indirect
coupling between the ferroelectric (FE) and the antiferromagnetic (AFM) order that result
from the FE-AFM transition on the domain walls in HoMnO3. At magnetic fields up to 50
кОе and temperatures below the Neel transition temperature (TN =76 К) the existence of
two phases is unambiguously established. The existence of an intermediate phase between
the magnetic structures Р63сm and Р63сm, as predicted by the results of dielectric
measurements, has been established, and the magnetic properties of this phase were
studied. At low temperatures (Т<5 K) and magnetic fields of 5 кОе and 18 кОе a phase
boundary was established, characterized by a jump in magnetization and a narrow peak of
the heat capacity. The derived phase diagram is much more complex than those known so
far and includes new phases, phase transitions with distinguishable hysteresis in
temperature and the applied fields and several multi-critical points.
Measurements of the thermal expansion of sinlge crystals of
RMn2O5(R=Tb,Dy,Ho) along the principle crystallographic axes have revealed various
anomalies in the linear thermal-expansion coefficients at the critical temperatures,
marking the onset of long-range antiferromagnetic order (TN1), ferroelectric order (TC1),
as well as at temperatures, at which anomalous changes in polarization, dielectric constant
and the spin-wave characteristics were reported in literature. Polarized Raman spectra of
orthorhombic
materials
of
the
stoichiometric
series
RMnO3
(R=La,Pr,Nd,Sm,Eu,Gd,Tb,Dy,Ho,Y) were measured at room temperature and analyzed.
The variation ot the phonon frequencies as a function of the ionic radius of the R-atom rR
confirms in general the commonly accepted assignment of the Raman peaks to certain
phonon symmetries with two significant exceptions: (1) upon decreasing rR the bondstretching mode Ag (1) and the bending mode Ag (3) strongly mix from R=Sm to R=Tb,
while upon further decreasing of rR (R=Dy,Ho,Y) the Ag (3) mode is observed at higher
frequency than that of the Ag (1) mode; (2) a similar deformation-dependent mode
mixing occurs between the rotational Ag (2) mode and the O1(x) [Ag (7)] modes. The
mixing of modes is especially strong in the RMnO3 compounds with rR values in the
vicinity of those at which the A-type transition to a sinusoidal antiferromagnetic ordering
at low temperatures takes place.
Bi4Ge3O12 (BGO) crystals doped with Fe, Mn, Ru, Rh, Co and V as well as
double-doped with combinations of Fe+Mn, Ru+Mn, Rh+Fe and Co+V are successfully
prepared by using the method of Czochralski. Crystals with large size and very good
optical homogeneity are obtained due to the well developed crystal growth technology.
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The photosensitivity shift from UV ( typical for the un-doped BGO crystal) to the
VIS region of the spectrum is observed for all doped crystal samples, the most
pronounced shifting effect being found using Fe doping as well as Fe+Rh and Fe+Mn
doping. A reversible photochromic effect is detected in doped crystals, which is an
indication of the existence of shallow traps in the forbidden zone (bandgap) of these
crystals.
The dark conductivity is measured and it is established that Mn, Rh and Fe+Mn
doped BGO possess the lowest value in comparison to other doped crystal samples
studied. The dark conductivity measured values are in the same order as these found in
the literature for un-doped BGO. The thermal activation energies (in a range of 0.7÷1 eV)
of the respective doping impurities are calculated from the dark conductivity temperature
dependence.
As a general conclusion, from the performed research, it could be pointed that
using an appropriate choice of doping element(s) and doping concentrations the
photorefractive and photochromic parameters of the doped BGO crystals in the VIS and
NIR regions of the spectrum is possible to be optimized.
The first group are the so-called ferroelectric crystals with relaxor behavior as
Pb(Sc1/2Ta1/2)O3, Pb(Sc1/2Nb1/2)O3, Pb(Zn1/2Nb2/3)O3 –PbTiO3. The proposed research
will be focused on the influence of doping effect, e.g. atoms substitution at sublattices
level by doping using Mn, Co, Ni, Ru and Rh elements. The main purpose is to
establish the relationship between the type, dimensions and behavior of nano-size
ferroelectric domains and macro structural parameters.
The next group of the materials are BiMnO3 и BiFeO3 crystals. Recently, these
compounds become subject of considerable interest as thin layer elements for memory
applications. We intend to grow BiMnO3 and BiFeO3, to obtain new crystals by
replacement of Mn –atoms with transition elements doping, nonmagnetic Ga and Al
atoms doping as well as to develop single crystals without the second phase inclusions.
The main purpose is to study the ferroelectric and ferromagnetic phase transitions. We
expect Mn- substitution to increase the ferroelectric polarization (from 3 to 100
mC/cm2).
The third group of the materials are so called recently multiferroics. They hold
great potential for practical applications. The multiferroics could lead to a new generation
of memory devices that can be electrically written and magnetically read. Typical
examples of multiferroic systems are rare-earth manganites as RMnO3 or RMn2O5 (R= Y
or Sc). The main efforts on manganites in the project will be concentrated onto study of
the rare-earth element substitution with Co, Ni, Ru and Rh as well as the temperature
influence of ferroelectric and ferromagnetic coupling on the ordering processes.
The aim is a detailed and thorough investigation of the effect of diverse doping of
Bi12MO20:X single crystals (M=Si,Ge,Ti; X=Mn,V,Co,Ru,Fe,Ag,Al,P,Cu, Rh, Os, Tb,
Ho) on their physical properties. To achieve this goal a combined approach will be
developed for studying the effect of various dopants (concentration, valence state, ionic
radius, spatial distribution and electron energy states position and density) on the
structure, optical and photo-refractive properties and the related photo-charge
transport/conductivity/voltaic, photo-luminescent and thermal properties of the crystals
will be investigated in detail by simultaneous modeling and analyzing their X-ray
diffraction data, Raman, FIR and UV-VIS-NIR absorption, photo-luminescence and Xray emission spectra. The combined interpretation of such data would allow one to
specify the factors and interactions responsible for the changes in the crystal properties, to
gain new information on the materials under study and to use it for controllable
modification of their properties in order to achieve possible practical applications. This
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approach will be applied to a wide class of newly grown optically active materials,
namely single crystals in Bi12MO20:X-system. Another goal will be the theoretical
designing and growing on its basis of appropriately doped, optically active single crystals
with suitable physical properties for storage and processing of information. Thus, multiside information on the materials under study will be obtained. The significance of such
studies comes from the role of the fundamental relationship sequence “composition –
structure - electron/phonon/mixed states/interactions – optical/thermal/transport
properties” in materials science, physics and chemistry of solids.
We investigated in detail the double-layer doping regime, and the transition from
double-layer regime to intercalative doping and functionalization of single-walled carbon
nanotubes (SWNTs) in aqueous electrolytic solutions. This is a nice complementation to
the present activity in the nanotube research community as most of the efforts are
currently concentrated in studying either pure double-layer, or heavy intercalative
(chemical) doping and investigations at doping levels that bridge the two methods, are
missing.
We developped a method to follow the functionalization process with Raman
spectroscopy by monitoring the changes in the high-energy Raman band. For this purpose
we performed simultaneous measurements of the radial breathing mode (RBM), the highenergy mode (HEM) and the disorder-induced mode (so-called D-mode) as well as of its
overtone D* at high levels of electrochemical charge transfer as our previous studies had
shown that the RBM quickly disappeared above the water and chloride oxidation
potential. On the other hand, the RBM is closely connected to the intertube interaction
within the bundle which is modified upon penetration of the electrolyte species. The
electrical properties of carbon nanotubes also undergo significant changes upon doping
and subsequent functionalization. The spectroscopic results are thus correlated with those
from electrical-conductivity measurements. The changes in structure and composition of
the nanotube samples upon doping and functionalization were monitored by X-ray
photoelectron spectroscopy, X-ray diffraction and scanning electron microscopy.
Electrochemical experiments on carbon nanotubes have revealed that a penetration
of chlorine species begins into the nanotube bundles at potentials above 800 mV. Up to
about 1100 mV, however, double-layer charging accompanied by physisorption-induced
charge transfer is still the prevailing doping process. Above 1100 mV chemical reactions
with covalent C-O and C-Cl bond formation increasingly take place, triggered by the
creation of Cl gas, leading to an electrochemical functionalization of the SWNTs, the
2

smaller-diameter ones being most strongly affected. The degree of covalent
functionalization is significantly higher in the HCl solution as compared to the KCl one.
On the other hand, non-covalent functionalization prevails when processing the SWNT
electrode in a KCl solution. The response of the Raman intensity of SWNT bundles to
low doping in the the double-layer doping regime confirms the relevance of excitons for
the Raman scattering in SWNT bundles. The exciton effects are thus a general feature of
the Raman scattering in carbon nanotubes. In the low-doping regime also the gravimetric
capacitance of SWNT bumdles was estimated and their effective surface area was
determined in a purely electrochemical way. The electromechanical response of the
SWNT bumdles was determined from the doping-induced shift of the HEM band
frequency.
We applied Raman spectroscopy of the HEM and the second-order D* band to
selectively investigate the response to electrochemical doping of metallic and
semiconducting SWNTs. We found the signal from metallic tubes to be extremely
sensitive even to low doping levels as manifested by large frequency shifts and a dramatic
intensity redistribution within the high-energy Raman band. We argue that these
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phenomena occur because of switching off the Kohn anomaly (Peierls instability) at the
Γ-point of the Brillouin-zone that governs the softenin of the high-energy modes in
metallic carbon nanotubes. Our studies also reveal a dramatic increase of the D* band
sensitivity to doping upon moving the laser excitation to the red end of the visible
spectrum and beyond. We explain this observation within the double-resonance scattering
model and show that it evidences a second Kohn anomaly in metallic SWNTs, located at
the point K’ that is derived from K in the Brillouin zone of graphite. We confirm also for
carbon nanotubes the DFT result for graphite that the electron-phonon coupling (EPC) at
K (K’) is about twice stronger than the EPC at Γ. Our results provide an estimate of ≈ 90
(eV/Å)2 for the EPC magnitude at K’and can be used to investigate the wave-vector
dependent EPC in the bulk of the BZ of metallic SWNTs and graphite.
Our spectroscopic studies were extended also to inorganic nanostructures as
represented by tungsten disulfide (WS2) nanotubes. We obtained a Raman spectrum from
an individual WS2 multiwalled nanotube attached to the tip of an AFM cantilever in a
well defined orientation. We confirm the feasibility of simultaneous Raman and
mechanical measurements on an individual WS2 nanotube based on a correlation of the
phonon frequency shifts with the elastic response. This can yield deeper insight into the
subtle interplay of the nanotubes vibrational and mechanical properties and provide
valuable knowledge for various potential applications of WS2 nanotubes. From results on
Raman scattering measured under high hydrostatic pressure we determine an in-plane
Grüneisen parameter of about 0.45 for WS2 nanotubes, which emphasizes their relative
softness as compared to e.g. carbon nanotubes.
By means of angular-dependent polarization measurements, we establish a strong
antenna effect in WS2 multiwalled nanotubes and estimated an upper bound of the ratio
αXX/αZZ=0.16 for the perpendicular to parallel polarizability tensor components. We
conclude that the antenna effect in cylindrically shaped nano-objects is not restricted to
small radii of about 1 nm or to single-walled carbon nanotubes, but exists for significantly
larger radii (20 to 50 nm) as well if the aspect ratio is sufficiently high and if the original
layered material has a strongly anisotropic polarizability. Applications exploiting the
antenna effect are not restricted to carbon technology, but may use WS2 or other
nanotubes made of layered material as well.
We also performed Raman measurements on Aza-Thia Open-Cage Fullerene
(ATOCF) containing hydrogen molecules. We analyze the spectral bands of empty and
H2-filled ATOCF in comparison with Raman spectra of pristine C60 fullerene. We find a
large number of additional bands due to the lower symmetry of ATOCF and detect the
hydrogen stretching vibration of the caged H2 molecules.
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1. Superstructured nanocrystals in high-dose implanted Si.
• Nano-sized precipitation in high-dose implanted Si has been investigated using
high- resolution transmission electron microscopy of cross-sectional specimens
16

-

(XHRTEM). Zn and Bi (50 keV) have been implanted in Si at doses of 5x10 cm
2

16

-2

and 1x10 cm , respectively[1-3]. By cleaning out the noice and intensifying the
extra spots in the power spectrum of the experimental images, the authors identify
a complex structure consisting of lattice planes alternating along privileged
directions, i.e., the Si (111) and Si(311) for Zn and Bi inclusions, respectively. An
evidence is found of the formation of nano-inclusions composed of Si-Zn and SiBi superlattices.
Semiconductor ions implantation in high-k dielectric layers [1-3].
2. Effect of post-implantation high-frequency electromagnetic field on implanted Si.
• The analysis of high-frequency electromagnetic field (HFEMF) effect on the
+

microstructure and electrical properties of Te implanted (001) Si is reported [4,5].
XHRTEM demonstrates the formation of Te nanoclusters (NC) embeded in the Si
16

-2

layer amorphized by implantation (a-Si) at fluences ≥ 10 cm . Post-implantation
treatment with 0.45 MHz HFEMF leads to enlargement of Te NCs, their diffusion
and accumulation at the a-Si surface and formation of laterally connected
extended tellurium network above the percolation threshold, appearing at an ion
17

-2

fluence of 10 cm . AC electrical conductivity measurements show nearly four
orders of magnitude decrease of impedance resistivity in this case, which is in a
good agreement with the corresponding structure. The results so obtained are
discussed in terms of the two-phase isotropic spinodal structure.
•

Bi nanoclusters embedded in amorphized Si have been formed by ion
implantation. Post-implantation treatment with HFEMF reorganizes the cluster
shape and distribution of Bi nanoclusters [6,7]. The NCs occur as a broad band at
+

a nucleation depth correspnding to the projected ion range, Rp, of the Bi ions. Bi
16

-2

ions form metalic NCs with hexagonal phase in the a-Si at fluences ≥ 10 cm .
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HFEMF treatment provokes crystallization of the a-Si matrix in the surroundings
of the Bi NCs. Such effect was not observed when the samples were furnace
annealed only. A hypothesis has been put forward that the effect of HFEMF is
connected with the additional local heating at the metalic NCs bounderies due to
the induced local currents through the metalic NCs [8].
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Single crystals of Pb Ni Mn O
3

1.5

5.5
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were grown by the high temperature solution

growth method. Their composition was determined by energy dispersive X-ray analysis.
The phase homogeneity of the growth crystals was examined and confirmed by powder
X-ray phase analysis. The structure was characterized by X-ray single diffractometry and
was indexed in the trigonal space group (No. 165) with lattice parameters a = 0.9914 [nm]
and c = 1.3492 [nm]. The dielectric properties of Pb Ni Mn O were investigated in
3

1.5

5.5

15

the temperature range 150 –500 K. The AC measurements were carried out for 3 different
frequencies: 10 kHz, 100 kHz and 1 MHz. From the DC measurements thermal activation
energy was estimated [1].
By two structural methods (neutron diffraction and X-ray synchrotron diffraction)
the phase transitions appearing at high pressure in relaxor ferroelectrics PbSc Ta O
0.5

0.5

3

and Pb Ba Sc Ta O with perovskite structure were investigated and characterized.
0.7

0.2

0.5

0.5

3

The both relaxor crystals are synthesized in the laboratory “Crystal Growth”- ISSP. The
relaxor crystals have great technological importance for application as memory devises.
These ferroelectrics possess high dielectric and electro-optical properties. They consist of
polarized nano-areas, which are dispersed in paraelectric matrix.
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X-ray structural analysis were made related to phase determination of
polycrystalline ceramic Pb Mn O magnetite. This material is interesting with its unusual
3

7

15

magnetic properties, which are perspective for application in electronics. The parameters
of crystal unit-cell were determined for its hexagonal structure (space group P63/mcm,
coordination number Z=4).
X-ray structural analyses were made related to the orientation of single crystals
and determination of their crystal phases. The purposeful and systematical work allows us
to index the crystalline lattice of several new compounds. Their unit-cell sizes and the
structural class to which they belong were determined. This provides an opportunity for
more detail investigation of substitutional atoms influence in a row of solid solutions,
which are obtained by the classical solid-solution reaction.
Relaxor crystals Pb Ba Sc Ta O (having perovskite structure) were grown.
0.78

0.22
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0.5

3

The changes in their structure at pressure of 9.8 GPa were studied. The results show that
the substitution of Pb by Ba in the perovskite ABO structure leads as to a diffusion phase
3

transition induced by the pressure, so as to an availability of local structural deformations
in the vicinity of A-positioned barium cations [2].
By neutron diffraction experiment was proved that the steels from the N-Fe-NiMn-Mo-V alloy system consist only from ferrite crystalline phase (volume centered unitcell). The cast alloys appear as experimental ones. Our results demonstrate the possibility
to dope by nitrogen steels without chrome atoms presence in them [3].
For reduction of risk of gallstones and renal stones formation, per oral
administration of natural clinoptilolite combined with vitamin C is proposed. The
clinoptilolite is able to absorb toxic products of metabolism. Based on our patent
“Modified clinoptilolite and its application as nutrient supplement” a permission of its
per oral acceptance is obtained [4].
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Assos.Prof. Dr. L. Pramatarova, Assos.Prof. Dr. E. Pecheva, Assistant T Hikov,
Physicist, Dimitrinka Fingarova, PhD student, Technical assistant: I. Tzvetanov
The Laboratory of Biocompatible Materials (BCM) is created in 2006.
The first research topic in the lab BCM was “The development of an in vitro
system for study the process of biomineralization”. The subject area of the project is
contributed to the research and technological development activities in the field of
biomineralization. In general biomineralization is a complex process that involves the
controlled nucleation and growth of ceramics from aqueous solutions. It is useful when it
appears in the formation of bones and teeth, in oyster shells, corals, and calcified wood
and not desired when concerning some diseases like kidney stones, osteogenesis
imperfects, arteriosclerosis, myositis ossificans and others. The majority of hypotheses
related to mechanisms of biomineralisation have been based on the results of in vitro
experiments. The relevance of in vitro system to biomineralization depends on the degree
of correspondence between the experimental conditions and those prevailing in vivo
situations. The complexity of the problem of biomineralisation as well as the lack of
sufficient information on its origin can be due to the in vitro systems, which do not
present completely the main factors contributing to the mechanism of this process. The
objective of the project was to develop an experimental system which allows to model the
process of crystallization as a result of growth either on nuclei of the material itself or on
surfaces of foreign material; the influence of adsorbing on substrates or particles; the role
of the substrate' modification for particle attachment or for crystal growth (in particular
epitaxial). The suggested in vitro system permits the application of external fields as laser
irradiation for stimulation of the crystallisation process. The first stage of the project was
obtaining of patents [Patent № 63450/06.03.2002 and Patent № 65595/16.03.2009] as
well as construction of the experimental set up. The second stage of the work included the
studies of modified surface of the solid state substrates as a model in vitro system for
studying of crystallisation process in simulated body fluid (SBF) and cell culture. The
objective of this stage of the work is consisted of: the substrates production with different,
systematically varied chemical structured surfaces with different topography; and the
investigation of the effect of base material, ion-implanted and nanostructured nucleation
points, a biological relevant protein and their distribution on the surface on the controlled
physical nucleation and growth, on biological crystallisation in vitro, on cell growth and
spreading, and on the suitability of the process as a coating process for bone implants. In
this study, surface modification of silicon, quartz glass, and stainless steel and titanium
substrates was used to design some of the main factors contributing to the process of
crystallization. Ion implantation was used as a powerful method for selective surface
modification. Calcium and phosphorus were implanted consequently in the near surface
layer. Thermal treatment in air atmosphere at 873 K for 1 hour was applied to selected
samples, in order to achieve oxidation of the surfaces and conversion of the implanted
species to CaO and P2O5, which are expected to influence the process of hydroxylapatite
growth in aqueous media. The implantation in silicon and quartz glass has led to
incorporation of Ca and P in the surface layer and the formation of Ca, P and Si-based
compounds. With the thermal treatment, additional oxidation of the surface species,
started with the ion implantation, was introduced. The interest in stainless steel as a
material widely used in orthopaedic and dentistry area has stimulated extensive studies on
improving its bone-bonding properties. Ion implantation was used also to change
selectively the near surface of stainless steel and to enrich it with calcium and
phosphorus, which are the base ions of hydroxyapatite. We study the reactivity of this
surface towards thermal treatment. Before and after ion implantation, and after oxidation,
the elemental composition and chemical state of the surfaces were examined by X-ray
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Photoelectron Spectroscopy. It was observed that the implanted species are oxidized,
which stimulates the formation of calcium phosphates in an aqueous media [3]. This part
of the work is carried out in collaboration of the Institute for Ion Beam Physics and
Materials Research, Technological Center Rossendorf, Dresden, Germany within the
Programme of European Commission Marie Curie Fellowship of doctorate thesis in the
laboratory. The subject area of the doctorate is contributed to research and technological
development activities of generic nature in the field of biomineralization. It is related to
the program objectives listed under Research and Technology priorities of the Fifth
Frame Programme of EC, namely 1.1.3.-5.2. “Advanced functional materials”
(Competitive Growth Programme). The study of biomineralization is inspiring new
approach to the controlled fabrication of synthetic “biomimetic” materials such as
nanostructured semiconductor. The question of interest was whether it is possible to
modify the surface of titanium substrate by CdSe nanocrystals buried in SiOx matrix. And
by introducing this model system in contact with various physiological solutions to
extend the possibilities of in vitro system for studying the process of biomineralization.
Our idea involves nanostructuring of well-characterized material (titanium) by physical
deposition of nanostructures, to obtain the desired properties. To prepare model surfaces
on titanium substrates, two groups of samples: (i) SiOx: CdSe multilayers (MLs) and (ii)
CdSe nanometer-sized crystals embedded in SiOx matrix, the latter called composite films
(CFs), have been produced by applying two regimes of well established physical vapor
deposition at room temperature [4]. The process of modification of the solid surfaces by
nanostructuring is carried out in collaboration with the laboratory of Photo-electrical and
optical phenomena in wide-gap semiconductors in the Institute of Solid State Physics.
The third stage of the project refer the studies of the process of nucleation and crystal
growth. Nucleation and growth of inorganic layer onto as modified surfaces through
exposure experiments in simulated body fluid (SBF) as well through enhancement the
process of crystal growth by laser irradiation are carried out in the originally built set up.
Preliminaryexperiments include the studies of the reactivity of titanium surfaces,
nanostructured by SiOx :CdSe MLs and CFs To test the ability of the nanostructured
surface to induce crystallization, the structures were exposed to Simulated Body Fluid
(SBF) at room temperature. The laser-liquid-solid interaction was originally applied over
the surface of the substrate, immersed in the solution by direct scanning of the surface
with the laser beam to enhance the crystal growth. Very quick process of deposition, less
than 5 min was observed. IR and SEM studies show area, containing oriented pyramids
mostly 5 - 15 µm in size but some crystals reach the size of 100 µm. It is shown in this
study that the nanofabricated SiOx: CdSe layers might be exploited as model of matrixregulated mineralization [5]. To study the physico-chemical properties of the modified
surfaces and the grown structures X-ray diffraction (XRD), Infrared Spectroscopy (IRS),
Infrared Microscopy (IRM), Scanning Electron Microscopy (SEM) and Energy
Dispersive X-ray Spectroscopy (EDX) measurements are carried out in collaboration with
the Mineralogisch-Petrographsches-Institut, University Hamburg, Germany, the Institute
for Ion Beam Physics and Materials Research, Technological Center Rossendorf,
Dresden, Germany and the Research Institute for Technical Physic and Materials
Sciences, Hangarian Academy of Sciences. The results are presented on the international
conference and published in the journals with IF. Big part of the results, concerning
obtaining of hydroxyapatite are published in the monography: L. Pramatarova, E.
Pecheva, „Modified Inorganic Surfaces as a Model for Hydroxyapatite Growth”, in
Materials Science Foundations, Trans Tech Publications, Switzerland, 2007, vol. 26, pp.
1-136 [3]. In this stage of the work, the grand with MON №1213/2004-2007 was realized.
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The last years the subject area of the projects in the lab BCM is contributed to the
research and technological development activities in the field of composite materials. The
research topics such as: 1) Nanobiocomposites: new materials for bone implants; 2)
Biocompatible materials: obtaining composite layers on solid substrates; and 3)
Development of the method – interferometry with white light for studying thick and
rough coatings of HA and HA-DND composite layers are the main activities in the lab
BCM. Project on the theme: “Nanobiocomposites: new materials for bone implants
“(leader Assoc. Prof. L. Pramatarov) with the contract with MES (№ ТК-Х-1708/
11.12.07) for 150 000 leva was successfully completed in 2011. The grand was realized
with collaboration of BAS Institutes of Organic Chemistry, Biophysics and Space
Research Institute; Sofia University, Faculty of Chemistry; University of Birmingham,
UK; University of Reims, France and InESS, Strasbourg, France. Results can be
summarized as Development of innovative technology for production of nanostructured
composites, which includes plasma polymerization of monomer (hexametyldisiloxan,
HMDS) and nanodiamond particles (DND). The science-applied project on the theme:
“Biocompatible materials: obtaining composite layers on solid substrates“ (leader Assoc.
Prof. Dr. L. Pramatarova) was also realize on the base of the contract with Agency of
Innovation (NIF 02-54/07), which is successfully completed in 2011. For the period the
whole received subsidy from NIF was 89000 lev. for the ISSP. The other science-applied
project on theme: “Development of the method – interferometry with white light for
studying thick and rough coatings of hydroxyapatite (HA) and composite layers
(HA/DND) “ (leader Assoc. Prof. Dr. L. Pramatarova) was also realized on the base of
international contract PICS 4848 with InESS, Strasboug, France, 2009-2011 which
successfully completed in 2011. For the period the whole received subsidy from BAS is
12000 lev. The results of these science-applied projects can be summarized:
Nanostructured coatings are obtained, using innovative technology, which includes laser
treatments of the substrate surface, immersed in simulated body fluid (SBF) and
nanodiamond particles (DND) and the results is growth of composite layers HA/DND
(method of laser-liquid-solid-interaction, LLSI, process). Main part of the results,
concerning theme: Obtaining of nanostructured composite coatings, using plasma
polymerized hexamethyl disiloxane (HMDS) are published in the monography: On
Biomimetics, edited by Lilyana Pramatarova, InTech Publications, August 2011, Ch. 14,
pp. 297-320
Resently in the lab BCM with collaboration of the collegues from the labs LAE and
LMB, a novel technology for production of DND-based polymer composites by laser
irradiation as well as by plasma polymerization of a mixture of HMDS monomer
(PPHMDS) and DND nanoparticles on solid substrate are successfully developed.
Variously modified DND (Ag-DND and Si-DND) chosen for this study, possesses to be
readily integrated into virtually any polymer matrix. The aim of the project is to
investigate the process of DNDs/PPHMDS deposition on various substrates; the process
of plasma polymerization of HMDS monomer trough DND; the behaviour of MG-63
osteoblast-like cells in the suspensions of DND and its modified forms such as Ag-DND
and Si-DND; the behaviour of MG-63 osteoblast-like cells on the surface of DND (AgDND and Si-DND) - PPHMDS composite and to test the hypothesis that DND – based
polymer composites can influence differentiation of MG-63 osteoblast-like cells.

List of publications of the Laboratory Biocomatible Materials

Monographs and Chapters in Books
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Division NANOPHYSICS
Division Nanophysics consists of two research laboratories:
A. Laboratory “Photoelectrical and optical phenomena in wide gap semiconductors”
B. Laboratory “Semiconductor heterostructures”
Below a brief review of research and development activities of the members of each
laboratory during the last ten years is presented. The history and main fields of research
of the members of both Laboratories from their foundation to year 2002 can be found in
the Jubilee collection, 30th anniversary, 1972-2002 published by the Institute of Solid
State Physics (editor A.G. Petrov, ISBN: 954-91198-1-5).
A. Laboratory “Photoelectrical and optical phenomena in wide gap semiconductors”
- D. Nesheva, E. Vateva, E. Skordeva, D. Arsova, Z. Ivanova, V. Pamukchieva, Z.
Aneva, Z. Levi, I. Bineva, L. Yurukova, S. Balabanov, K. Kolentsov
The research activities of the Laboratory include: (i) preparation of crystalline and
amorphous semiconductor nanoparticles in various matrices and nanocrystalline single
layers, preparation of chalcogenide glasses and thin films based on Ge and As, doping
with rare earth elements, preparation of hybrid electroluminescence structures; (ii)
investigation of the physico-chemical properties, lattice structure, microstructure,
electronic structure, optical, electrical, photoelectrical and emission properties of the
prepared samples by means of a variety of characterization techniques.
In the 2003-2011 period the scientific research has been carried out in the frame of
5 projects and 10 bilateral projects (with Universities and Research Institutes in Russia,
Serbia, Czech Republic, Hungary, Moldova) which have been funded by the Bulgarian
Academy of Sciences (BAS), 7 projects additionally funded by the Bulgarian Ministry of
Education and Science (two of them co-funded by DAAD, Germany and the Ministry of
education and Science of Macedonia), 2 NATO grants (PST.CLG.980343, CLG 980656)
in collaboration with scientists from France and Scotland and 1 EC grant (MNI3 No.
226507). Fruitful informal collaboration also exists with scientists from Greece and
Mexico. The obtained scientific results are summarized in ~200 published papers,
including several book chapters and a book for BAS inventors.
A1. Nanostructured thin films
Nanoscience has become one of the most intensely studied areas of research over
the last few decades. Many fabrication techniques are still being studied in attempt to find
methods that can predictably create nanoscale structures with a high degree of control
over size, shape, size and spatial distribution and thus on the resulting properties of
nanosized and nanostructured materials. Applications of semiconductors for electronic
and optical devices generally require knowledge on the electronic structure, optical
properties, crystallinity and imperfections in the crystal lattice structure of nanomaterials.
II-VI semiconductors. Thermal vacuum evaporation technique was applied [1] for
the preparation of all nanostructured thin films, described in this section. Defect states [25] and recombination processes [6,7] are investigated in CdSe single layers and aSiOx/nc-CdSe, GeS2/nc-CdSe periodic multilayers (MLs) and composite films. Steadystate, transient and modulated photoconductivity and thermally stimulated current
measurements were applied. A reduction in mobility-lifetime product is observed as layer
thickness is reduced. The density of states distribution obtained is fairly broad in MLs and
composite films while in single layers it is noticeably peaked (Fig.1) [2]. Two defect
bands located at 0.55 and 0.7 eV below the conduction band edge are observed in a-
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SiOx/nc-CdSe samples and CdSe single films associated with the nanocrystal bulk and the
latter with the CdSe–CdSe interface, respectively. In the GeS2/nc-CdSe samples the 0.7
eV band is missing and a new one peaked at 0.5 eV is resolved related to defects at the
GeS2-CdSe interface. Exponential ‘tails’ have been observed whose characteristic energy
increases with decreasing nominal thickness of CdSe layers. Band diagrams of the MLs
have been suggested [8]
ZnSe nanostructured thin films (30 nm – 1 µm thick) and a-SiOx/nc-ZnSe periodic
multilayers with ZnSe layer thicknesses between 2.0 and 10 nm are prepared and
investigated by Raman scattering, photoluminescence, Atomic Force Microscopy (AFM)
and spectral ellipsometry measurements [9-12]. Existence of randomly oriented
crystalline ZnSe grains in both ZnSe single layers and ZnSe layers of MLs has been
assumed. Lattice distortion in the crystalline grains and presence of amorphous phase in
ZnSe layers thinner than 100 nm has been found. The size effect on the Raman band
shape of ZnSe nanolayers has been exploredby using one-dimensional phonon
confinement simulation.
A new technique has been developed for deposition of ZnxCd1-xSe ternary
semiconductor thin films by thermal vacuum evaporation [13,14]. Layers with
compositions in the range x = 0.39-0.8 have been prepared. The crystal structure and
microstructure of the layers have been investigated by means of X-ray diffraction, Raman
scattering and AFM techniques. The ternary films showed pure cubic structure. No binary
CdSe and ZnSe phases have been observed. A shift of the photocurrent spectrum (Fig.2)
[14] has indicated an increase of the optical band gap with increasing Zn content in the
range 2.0 - 2.30 eV.

Figure 1. Defect distributions from
Fourier-transform transient photocurrent
spectroscopy for 10 nm, 5 nm and 3.5 nm
MLs, 5 nm CdSe composite film (CF) and
CdSe single layer.

Figure 2. Normalized photocurrent
spectra of ZnxCd1−xSe with x in the
range 0.39–0.8.

Silicon nanoparticles. Si-SiOx composite films have been prepared containing
amorphous Si nanoparticles (NPs) of various sizes (< 3 nm). Photoluminescence (PL)
from the films has been measured in the temperature range 20 – 296 K [15-17]. Two
bands, a red-orange one (related to radiative recombination in Si NPs) and a green band
peaked at ~ 2.3 eV (related to radiative recombination via defects) have been resolved. It
has been found that the thermal PL quenching become weaker with decreasing NP size
and suggested that in Si NPs > 2 nm recombination via band tail states is the dominating
PL mechanism while in smaller NPs exciton-like recombination dominates. The optical
band gap of the largest Si NPs (~ 2.6 eV) [18] was significantly higher than the energy of
48

PL from NPs which has supported the assumption for a predominating radiative
recombination via the band tails. A considerable Stokes shift is also possible.
The microstructure and morphology of SiOx layers (x = 1.1 или 1.3) with
thickness of ~ 15 nm have been investigated by X-ray diffraction and reflection,
transmission electron microscopy and AFM [19]. The roughness of the c-Si substrate/
SiOx interface increased and silicon nanocrystals (NCs) were formed situated at a distance
of ≥ 3 nm from the substrate upon annealing at 1000oС (Fig.3); for both compositions this
annealing decreased the surface roughness of the SiOx layers. In agreement with infrared
(IR) spectroscopy, X-ray photoelectron specroscopy (XPS) results have indicated a
complete phase separation for all SiOx layers annealed at 1000oС.
Memory effect has been observed in Аl/Si-SiOx/SiO2/Al MIS structures (x = 1.15,
1.3) containing amorphous or crystalline Si NPs [19-23]. Parallel shift of capacitancevoltage (C-V) and conductance-voltage characteristics was obtained related to charging
and discharging of nanoparticles upon applying voltages with different polarity (Fig.4)
[19]. Existence of defects situated very close to the с-Si/SiOx interface has been assumed.
Their density is significantly lower for the structures with a-Si.

Figure 3. Cross-section image of
SiOx (x=1.3) films annealed at
1000 oC for 60 min.

Figure 4. C-V dependences of Аl/SiSiOx/SiO2/Al MIS structures, x = 1.3,
measured at 1 MHz. Curve 1 is the initial
one, while curves 2 and 3 are scanned in the
ranges ±6, ±8 V.

It has also been shown that Аl/c-Si/SiO2/Si-SiO2/SiO2/Al structures could be
applied in dosimetry as an alternative of the presently used radiation sensors based on
MIS structures having a SiO2 dielectric layer [23,24]. Essential characteristic of these
structures is the high sensitivity at low doses of γ-radiation which is important for their
application in medicine, in dosimetric control for the nuclear industry and in cosmic
research.
A2. Chalcogenide glasses and thin films
Photoluminescence from Er doped glasses. Chalcogenide Ge-S-Ga glasses have
been intensively studied as host material for Er3+ ions due to potential applications as
optical amplifiers for the telecommunications window in the range of 1550 nm [25-28].
Introduction of Ga into Ge-S glasses leads to a significant structure modification and
allows a relatively large solubility of rare earths. It has been found that PL increases ~ 30
times at (GeS2)75(Ga2S3)25 host, doped with 0.3 at.% Er [29,30]. The observed decrease of
both the optical energy gap and the host luminescence with Er doping confirms our
suggestion that erbium may reduce the native defects, improving the structure [31].
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Er-doped (GeS2)x(Ga2S3)100-x (x = 75, 80 and 90 mol%) glasses have been
characterized by basic physicochemical and spectroscopic parameters [32-38]. In
particular, a complex study on the influence of Ga content, excitation wavelength and
temperature on the PL properties of compositions with x = 4 and Er2S3 content of 0.3, 0.6,
0.9, 1.8, 2.1 and 2.4 mol % has been carried out [29,30,32,37]. Under 1064 nm excitation
the PL intensity at ~ 1540 nm increases with increasing Er up to 1.22 at% and then a
considerable decrease is observed at 1.39 at % Er, i.e. a quenching effect of the Er3+
emission is reached. At the used excitation wavelength, only the 4I13/2 level in the energy
diagram of Er3+ ion can be excited and hence the obtained PL band is due to the
4
I15/2→4I13/2 optical transition. A narrowing effect of the emission cross-section is well
pronounced when decreasing temperature dawn to 4.2 K (Fig. 5). It is mainly due to the
drastic increase of the 1538 nm band and disappearance of the 1520 nm one [39].
Low-temperature PL of heavily doped (1.8-2.4 mol% Er2S3) Ga2S3-GeS2 glasses
with a ratio of [GeS2/Ga2S3] = 2, 3, 4 has been studied [33]. The typical 4f–4f emission
bands of Er3+ ions at 830, 1000 and 1550 nm have been observed in the temperature range
10 - 300 K, while new PL bands at 670, 870, 1120, 1260 and 1350 nm have been
obtained for [GeS2/Ga2S3]=3 (Fig. 6). Thus a considerable influence of the host
composition on the emission efficiency of all possible 4f–4f transitions is documented.
The outcome is that (GeS2)75(Ga2S3)25 composition appears near optimal. With decreasing
temperature the PL efficiency is enhanced considerably with pronounced narrowing of all
bands. In the case of the strongest PL band at ~1550 nm, the narrowing at low
temperature is further accompanied by the resolution of well pronounced fine structure
due to “crystal field” splitting of corresponding electronic terms [40-43].
Recently, results on PL efficiency of Er-doped GeGaS-CsBr glasses have been
published [25,44]. The addition of CsBr results in an increase of the optical gap and PL
decay time which leads to more efficient up-conversion. In particular, the exhibited PL
bands at 530, 554 and 644 nm, excited with 795 nm light, manifest efficient upconversion processes. The observed PL is mediated by the combination of two
mechanisms, excited state absorption (ESA1, ESA2) and energy transfer (ET1, ET2).
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Atomic configurations, optical properties. The Fourier transform technique and
Reverse Monte Carlo simulation (RMC) of experimental data from Neutron and highenergy X-ray diffraction measurements have been applied to model the 3-dimensional
(3D) atomic configurations of As40Se60 and As40Se50Te10 glasses [45. For the As-Se
bonding, the first neighbour distance is 2.42 Å, the average coordination numbers are
CNAsSe=2.6 ± 0.1 and CNSeAs=1.8 ± 0.1 atoms (Fig.7) and the three-atom-bond angle for
<Se-As-Se>, <As-Se-As> configurations is 950. The FTIR spectra analysis of As40Se60
and As40Se50Te10 glasses [46] has detected vibrational bands related to impurity bonds of
Se-H, As-O, Se-O and Te-O in the glasses (Fig.8). By analyzing the ellipsometric data in
the spectral range 190–1700 nm, the optical constants (n, k, α, n0, λ0, ε∞) and energetic
parameters (E0, Eog, Ed) are obtained [46] and their compositional variation is explained
in terms of chemical bonds formation and change in the density of charged defects.
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New quaternary chalcogenide GexSb40-xS50Te10 (x = 10, 20 and 27 at.%) and
GexSb40-xS55Te5 (x = 20 and 27 at.%) glasses have been synthesized and characterized by
applying prompt gamma-ray activation analyses, neutron diffraction and material density
measurements [47,48] and spectroscopic ellipsometry [49,50]. The 1st coordination
sphere is related to the Ge–S and Sb–Te first neighbour distances of 2.3 and 2.8 Å,
respectively. Vibrational modes attributed to Ge-O and Te-O bonds as well as to O-H
hydroxyl groups, molecular H2O and carbon impurity atoms were detected in the IR
spectra of glasses [51].
The bonding structure of GexSb40-xS60
films has been studied by XPS before and after
As Se
90
As Se Te
Ar+ sputtering [52]. A peculiarity has been
found in the binding energies of Ge 3d and Sb
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The optical constants (n and k) of ternary GexSb20-xTe80(x = 15, 17 and 19), and
quaternary GexSb(As)40-xS50Te10 (x=10, 20 and 27) films [54-56], determined from the SE
data analysis, show a tendency to decrease as the Ge content increases while the
absorption edge shifts toward lower energies. The film illumination leads to a decrease of
the refractive index, to an increase of the extinction coefficient in the range of 600–800
nm and to a sharp decrease of the optical band gap, indicating structural change in the
films [57-59]. The quaternary films are transparent in the IR spectral range. The optical
band gaps of the Sb-system are lower in comparison with those of the As- system.
Giant photoinduced changes. The photo- and thermo-induced changes of the
nanoscale structural arrangements in films and glasses from Ge-As(Sb)-S(Se) systems
have been studied [60-62]. The aim was to clarify the nature of the unique photostructural
changes restricted to the chalcogenides and responsible for photodarkening (PD) and
related phenomena [63], which are of interest for photonic and other applications.
In normally deposited ternary and binary Ge-As-S films we have established a
lack of inversely proportional correlation between volume and band gap changes (typical
for some oblique deposited chalcogenide films) [64]. Recently, new evidences have been
given that the changes in the thickness ∆d and optical band gap ∆Eg are not in one-to-one
correspondence in the irreversible thermoinduced changes not only in thick [65] but also
in thin enough films from the Ge2S3-AsS3 system [66]. The strong dependence on the
composition has been revealed of the structural flexibility or rigidity. Reversible PD with
maximal known value has been found in Ge-As-S films with average coordination
number Z = 2.6-2.7 (Fig.9) [67]. In such films “giant” photo- and thermoinduced changes
in d, Eg have been observed with decreasing thickness below 1µm. Therefractive index n
have also been obtained and compared with other binary and ternary chalcogenides
[62,65].
X-ray photoelectron spectroscopy studies of the electronic structure of illuminated
and/or annealed Ge-As-S glasses and films have established [68] that surface oxygen
absorption and sulphur release are secondary effects arising from structural alterations at
varying Z. Raman scattering measurements focused on the variation of the low-frequency
Boson peak have shown a larger correlation length of the medium range structure in
glasses from “non-stoichiometric” systems and a larger degree of disorder and higher free
volumes [69.70]. The giant photoexpansion (PE) was monitored via optical transmission
measurements, digital holographic microscopy and AFM. It has been found that no
ageing exists in the PE of virgin films and that it does not result mainly from photooxidation on sample surface [68] in conformity with the XPS.
The results of the low-temperature investigations of the specific heat Cp and the
thermal conductivity k have shown that the parameters of the universal features, i.e. the
broad peak of Cp in the Cp/T3 vs. T plot and the plateau of k (T) plotted in log-log scale
depend non-monotonically on the composition of the Ge-As-S glasses. On the base of the
soft-potential model the obtained results have been correlated with the degree of
thermodynamic fragility of the glasses, clarifying how low-temperature properties of the
glasses are influenced by their structural order [71].
Remarkable transition from PD to photobleaching (PB) has been found upon
increasing the illumination time [66,72]. After reaching a saturated value the giant PD in
Ge-As-S films starts decreasing and after long illumination it completely disappears
(Fig.10) [72]. It has been concluded that the PD process competes with another PB
process leading to a new light annealing effect (LAE). We have assumed presence of a
dual action of light (DAL) during PD [63,72]. It is reflected by an ordering process
causing PB, which becomes dominant at a certain stage of the PD. The PD to PB
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transition could not be realized in films from Ge-As-S compositions with Z ≈ 2.4 [66,73].
The more ordered self-organized structure of Ge11.2As18S70.8 films prevents the
disappearance of PD. To confirm the assumption that DAL provokes not only increase of
disorder at PD but also its decrease, leading to PB in competition with PD, the changes of
the parameters of disorder were compared with band gap changes [63]. It has been found
that the Tauc slope parameter B1/2 tracks the band gap, both decreasing during PD and
both increasing when the PB overcomes the PD [63]. This is direct evidence that the basis
of the new LAE is the DAL. The consideration of the DAL effect gives a new insight of
the PD and the related photoinduced phenomena in chalcogenides.
A.3. Electroluminescence structures and displays
AC electroluminescent (EL) structures provided with an organic protective layer
have been prepared using an improved hybrid technology. Dependence of the brightness
on the applied voltage was investigated on EL structures showing blue emission and
having fullerenes С60/С80 included in the heterogeneous matrix of the emitting layer. Four
different fullerene concentrations were added which causes an increase of the brightness
of the electroluminescent structures of 5 to 8 times when compared with the structures not
containing fullerenes. The best result has been achieved for a concentration of 2.4х10-3
g/l.
Electroluminescent display consisting of seven segments has been developed and
prepared which emits yellow light with high brightness. It is intended for inclusion in
elevator systems and is able to display luminous digital symbols from “0” to 9. A pulsegenerator has been produced that provides an ac voltage in the range 50-200 V with
frequency 300 Hz - 3 kHz. It ensures optimal brightness of the display. It has been proven
that the brightness drops down to 50% after display operation for more than 20,000 hours.
An 11-segment electroluminescent display has been produced with organic
protective layer which showing yellow emission. It was exhibited at XIII-th International
Innovation Exhibition “EAST-WEST EURO INTELLECT’ 2005“, held in October 2005
in Sofia. The display was awarded with gold medal.
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B. Laboratory ”Semiconductor Heterostructures” - S. Simeonov, A. Szekeres, S.
Alexandrova, S. Kaschieva, P. Danesh, N. Peev, E. Kafedjiijska, E. Vlaikova, S.
Bakalova
The research activities of the Laboratory include (i) preparation of thin and
ultrathin dielectric and semiconductor films and semiconductor nano- heretostructures
incorporating these films and, investigation of their structure, electrical, optical and
mechanical properties (ii) studies of the influence of ion implantation and ionizing
radiation on the properties of thin films and semiconductor heterostructures.
Numerous scientific works have been performed in the frame of 15 projects
funded under the Academy’s bilateral agreements with Universities and Research
Institutes in Germany, Italy, Greece, Romania, Hungary, Ukraine and Russia and of 5
projects financed by the National Foundation for Scientific research at the Ministry of
Science and Education and 8 financed projects according to the programs of EU. The
results of the international collaborations are reflected in the large number of joint
scientific publications. The basic scientific results are presented at more than 30
international scientific events and in 110 papers, published in indexed international
journals and cited more than 800 times by other researchers. The results of investigations
also served as basis for successfully defended 4 Master degree and 5 Philosophy Doctor
thesises.
B1. Silicon oxynitride
Silicon oxynitrides (SiOxNy) thin films have found a wide area of application due
to important properties, such as high dielectric constant, resistance to oxidation, low
mechanical stress and the possibility of tailoring the films composition and properties.
For future miniaturization of MOS devices, SiO2 has become questionable and nitrogen
doped silicon oxide (SiOxNy) is a promising solution. We have started the research on this
topic with SiOxNy films prepared by low pressure CVD method [74-76]. Thin SiOxNy
films were deposited on Si substrates in plasma-enhanced (PE) CVD reactor with
tetraethoxysilane as precursor and addition of nitrogen. All depositions were performed at
a substrate temperature of 200oC, while the DC bias applied to the Si substrate was
varied.
We have found that the defect densities in SiOxNy films deposited by a PECVD
process [77,78] are comparable to those of a conventional SiO2 gate dielectric. The low
densities of the fixed oxide charge and interface traps (Fig. 11a), of the order of 1011 cm-2,
are indicative for a more perfect interface region being achieved by the replacement of
strained Si-O and weak Si- H bonds by strong and rigid Si-N bonds. However, in
comparison to pure SiO2 films, the PECVD SiOxNy films have much smaller dielectric
resistivity (Fig. 11b). The refractive indices, evaluated from the analysis of the spectral
ellipsometric data [77], are much higher than those for SiO2 indicating that SiOxNy with
different compositions are deposited on Si. From the IR spectra analysis [78], it has been
established that during PECVD deposition SiOxNy films are grown but carbon and
hydrogen-related species are also incorporated, indicating insufficient oxidation of the
decomposed TEOS radicals. These impurity-related bonds contribute to the high level of
current through the film and restrict the application of PECVD SiOxNy films.
Low energy implantation of nitrogen in Si for synthesis of SiOxNy layers offers an
alternative to traditional CVD deposition methods with an advantage of ensuring clean Hfree conditions. We have examined the possibility to synthesize thin oxynitride layers into
a shallow Si surface region modified by plasma immersion implantation with different N+
ion doses [79-81]. Nanosized SiOxNy layers were formed by high temperature (1050oC)
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annealing in oxidizing (dry O2) ambient of plasma immersion nitrogen ion implanted Si.
The oxidation kinetics was considered using the Deal&Grove oxidation model of Si,
revealing that the oxidation rate constants characterize the layers formation as diffusion
limited process through the Si region modified by the plasma immersion implantation
[79,80]. The oxidation was accompanied with flattening of the implanted profile (Fig. 12)
due to out-diffusion of N atoms. Their diffusion deeper into Si broadens the N profile and
causes an overall decrease of N concentration [79].
In Fig. 13 the refractive index n dispersion is displayed for 10 min anneal. The
closely grouped n spectra for the lower implant doses point out the similarity of the layers
microstructure. By increasing the N+ dose to 1018 cm-2 the n spectrum shows an essential
difference from that of SiO2 layer giving evidence for SiOxNy formation. The optical
modeling of the components fraction has shown that they are free of voids and consisted
of SiO2 and Si3N4 phases, the ratio of which was N+ dose dependent [81]. For N+ dose of
1018 cm-2, the volume fraction of Si3N4 is the highest of about 12 %.
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Figure 13. Refractive index (n) curves of
SiOxNy layers. Inset: The correlation
between n and volume fraction of Si3N4 in
the layers.

Information that SiOxNy synthesis terminated with formation of Si-N and Si-O
bonds has also been obtained from the data analysis of the ellipsometric measurements
extended to IR spectral range [81]. Inclusion of N atoms in the Si-O network in different
configurations has been found. No bands connected to Si-H (2170 cm-1), N-H (3350 cm-1)
or O-H (3640 cm-1) bonds have been detected [79-81] proving the benefit of plasma-beam
technology over CVD one. XPS results have proven that nitrogen atoms bind not only to
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silicon, but to oxygen atoms as well, forming silicon oxynitride [81]. The concentration
of these bonds increases with the N+ ion fluence, but remains quite low.

Oxide thickness (nm)

B2. Ultrathin silicon dioxide thermally grown on hydrogenated Si
During the last decade we have continued the comprehensive investigations of the
properties of SiO2 layers with nanoscaled thickness, thermally grown on RF plasmahydrogenated Si substrates. Spectroscopic ellipsometry, electroreflectance (ERS) and IR
spectroscopies and AFM studies have been performed. The electrically active defect
centers in the formed Si/SiO2 structures have been characterized by electrical
measurements of C-V and G-V characteristics at different frequencies and temperatures.
Usage of RF plasma hydrogenation has proved to be beneficial for oxide growth on Si.
The oxidation rate is increased which offers possibility for a better control of the oxide
thickness [82,83]. The defect density is controlled through Si hydrogenation temperature
and Si orientation, yielding lower interface defect densities accompanied with an
improved oxide network structure, lower oxide stress and surface roughness level
[82,84,85]. All the studies have been performed on SiO2/Si structures without any thermal
post-oxidation treatments, and hence they have the advantage that (i) conclusions are
made about the nature of the as-grown defect centers and (ii) good quality nanosized
oxides without any additional high temperature annealing are achieved by relying on the
beneficial effect of the plasma-hydrogenation of the Si substrate.
Further we have introduced hydrogen in the Si surface region by applying low
energy H+ ion implantation [86]. The Si substrates were subjected to hydrogenation by
plasma ion immersion of H ions with energy of 2 keV and with doses of 1013 -1015 cm-2.
On the implanted Si an ultrathin silicon oxide
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B3. Defects in hydrogen ion implanted Si substrates
Hydrogen ion implantation with energy of 5 - 10 keV provides a source of atomic
hydrogen which passivates electron traps
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nm thickness was formed on (100)Si by thermal oxidation in dry O2 at 850oC. Low
energy (1.6 keV) hydrogen ions with a dose of 1014 cm-2 were implanted in the structures
from the SiO2 side. The implantation energy was chosen so that the maximum of the
hydrogen distribution profile was at the SiO2/Si interface. It is demonstrated in Fig. 15
that deep levels are extended in the substrate up to 32 nm below the interface and their
concentration profile coincides with that of implanted hydrogen, determined by the
method of nuclear reaction analysis.
B4. Defects in MOS structures induced by ion implantation and MeV electron
irradiation
Investigation of generation and annealing of radiation defects in MOS structures,
produced by ion implantation or high energy irradiation (gamma or MeV electrons) are
performed paying special attention to the characteristics of dually treated MOS structures
- effects of secondary irradiation of pre-implanted MOS structures. The basic results are
presented in a book [89]. Most of the results are product of the collaboration between
Bulgarian Academy of Sciences and Joint Institute of Nuclear Research – Dubna, Russia.
The generation of radiation defects in MOS structures as a result of MeV electron
radiation is discussed in refs. [90,91]. The energy position of defects and their nature and
localization have been determined by TSC and DLTS methods. The most important result
is that an increase in the oxide thickness for the n-type Si occurs upon high-energy
electron irradiation [92,93]. The results also show that this oxidation depends on the
ambient in which the radiation is carried out [94].
The effect of MeV electron, X-ray or gamma irradiation on ion implanted Si-SiO2
structures has been investigated by TSC, DLTS, Rutherford backscattering and soft XPS
methods [94-99]. It has been shown that in double treated Si-SiO2 structures, the defect
generation by high energy electrons or γ-irradiation depends significantly on the location
of preliminary implanted ions from the Si-SiO2 interface as well as on the type of Si
wafers. SiO2 surface roughness changes, induced by ion implantation and high-energy
electron irradiation of Si-SiO2 structures are also observed by AFM [97].
B5. Pulsed-laser-deposited AlN films: Structure and properties
Thin films of AlN with definite microstructure are essential as electrical insulating
and passivating layers and for many applications in electronics and optical devices. Our
recent research is also focused on preparation and study of high quality AlN films aiming
their different applications in the semiconductor industry. We have chosen the pulsed
laser deposition (PLD) technique because its advantages of high deposition rate,
comparatively low substrate temperature during deposition and of the possibility to
deposit stoichiometric AlN films.
The PLD AlN films were prepared on crystalline Si substrates heated up to 800oC.
The ablation was performed by using two KrF laser sources with radiation at λ = 248 nm
and pulse duration of 7 ns (repetition rate of 2 Hz, incident laser fluence on target of 3.7
J/cm2) or pulse duration of 25 ns (repetition rate and incident laser fluence varied between
3 and 10 Hz and 4-10 J/cm2). The synthesis of AlN films was performed either in vacuum
(~10-4 Pa) or in nitrogen ambient at a pressure varying within 0.1- 10 Pa. The film
thickness was in the range of 200-1500 nm depending on deposition conditions and with
a tendency to decrease by increasing the nitrogen pressure. By varying the laser
parameters and gas pressure, different crystalline structures have been obtained [100106]. The analysis of the XRD patterns has established that independently of the laser
source, all the films deposited in vacuum have a high quality polycrystalline structure
and, depending on incident laser fluence, with either predominantly metastable cubic AlN
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phase [100-103] or with stable hexagonal AlN phase [104-106]. This is illustrated in Fig.
16 for three values of incident laser fluence on target.
When KrF laser source with pulse duration of 7 ns has been used all the films
have a polycrystalline structure with predominantly c-AlN phase [100-102]. By
increasing the nitrogen pressure from 0.1 to 10 Pa, the predominant (111) cubic texture
changed to (001) one and the average crystallite size decreased from 55 nm to 30 nm. The
crystallites growed up to a larger size along the preferential orientation [101,102]. The
post-deposition cooling rates affected only the structural ordering [103]. The nanosized cAlN crystallites contribute to the observed high Knoop hardness values of 12-16 GPa
[101].
The analysis of the C-V characteristics of AlN-MIS structures, measured at
different frequencies has shown presence of traps in the volume of AlN films and at the
AlN/Si interface which contribute to the capacitance values of these structures [107,108].
The frequency dispersion of the AlN film conductivity has revealed that up to 200 kHz
the conductance is proportional to the signal frequency, as the dependence exponent
index s is ~1 [108]. In this frequency region the carrier transport mechanism is inter-trap
tunnelling, i.e. the electron hopping is toward the next nearest unoccupied trap.
Further the PLD films were deposited by the r KrF laser source with 25 ns
duration which allowed variation of the laser repetition rate between 3 and 10 Hz and of
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Figure 16. XRD of PLD AlN films
deposited in vacuum (10-5-10-4 Pa) and
with different incident laser fluences.
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Figure 17. Refractive index curves of
PLD AlN films deposited at different
conditions, inserted.

the incident laser fluence from 4 to 10 J/cm2. The longer pulse duration resulted in quite
different AlN film structure compared to previously used pulse duration of 7 ns. The
optical constants in the visible range of light of these AlN films have been obtained by
applying spectral ellipsometry [105,109]. The analysis of the SE results has revealed that
by varying the PLD conditions the optical parameters of the AlN films change to the
characteristic ones of polycrystalline AlN with either cubic or hexagonal AlN phase and
of amorphous AlN phase. The corresponding refractive index values are presented in Fig.
17. The XRD and TEM studies of these PLD AlN films have established [104-106] that
deposition in vacuum yielded polycrystalline film structure with h-AlN phase, while in
nitrogen ambient the crystallization process was retarded (Fig. 18). At low laser fluence
(4.8 J/cm2), stable h-AlN phase is formed, while at intermediate laser fluence (8.6 J/cm2)
both, hexagonal and metastable cubic crystallites are developed in an amorphous matrix.
At high laser fluence (10 J/cm2) the AlN films are “XRD amorphous” but HRTEM
images visualize small cubic crystallites in the film [105]. Possible explanation for the
film microstructure is given [105,106].
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The results of above described investigations confirm the possibility of
preparation of polycrystalline or amorphous AlN thin films with preliminary given
structure and optical parameters required in various applications by using the PLD
technique.
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Figure 18. XRD spectra of AlN films deposited at laser pulse duration of 25 ns in N2
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B6. Theoretical study of liquid phase growth
The processes taking place during liquid phase crystal or epitaxial growth are in
the scope of our investigations and namely determination of the growth mechanism,
processes at the phase boundary and process of new phase nucleation, which correlates
with the nanoparticles formation. Based on the assumption that the probability for
collision of two particles is determined by the solid angle of α the equilibrium size
distribution of three-dimensional particles (new phase nuclei or nanoparticles) has been
derived [110,111].
The possibility for experimental determination of the crystallization mechanism
(normal or dislocations assisted mechanism of growth) during liquid phase growth has
been demonstrated in [112,113]. The dependence of the layer growth rate νgr on the initial
super saturation ∆CiL allows determining the growth mechanism in case of super cooling
technique and step cooling technique [112] – this relation has been verified
experimentally by other authors. In the case of super cooling and equilibrium cooling
techniques the growth mechanism may be determined studying the relation between the
growth rate νgr and the cooling rate νT [113].
B7. Other studies of thin films and heterostructures
Besides the basic fields of studies the research activities of the Laboratory include
also studies of the structure and properties of different dielectric and semiconductor thin
films and heterostructures, among them are a-Si:H and a-Si:H-based structures [114-117],
nanostructured nc-Si-SiOx films [118-120], La doped TiO2 films [121,122] and Cr doped
thin AlN films [123,124].

Future trends of scientific research in Division Nanophysics
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The research activity in the division will be directed to development of new
materials and structures containing nanosized semiconductor and dielectric films and
search for application of those materials in modern opto- and nanoelectronics, gassensing, electronic memories. Investigations will be carried out on preparation of
nanosized and nanostructured (multilayers, composite) thin films containing
semiconductors (Si, II-VI and III-V) and nanostructured heterostructures on their basis.
Exploration of their structure and properties in terms of technological processes will be
carried out. Development of new materials (such as oxides of transition metals, SiOxNy,
AlN, surface modified polymers by ion beam irradiation, new chalcogenide glasses and
thin films), light emitting, memory and sensing structures is intended. In this connection
investigations of the carrier transport via nanosized films and dielectric multilayers, as
well as studies of the effect of deep defect states (disposed in a few nanometers layer at
the interface between the metal and semiconductor) on the performance of Schottky
barriers will be carried out. New chalcogenide materials will be developed and their light
emitting and optical information storage properties will be investigated. In addition,
investigations of the effect of film thickness reduction on the photoinduced structural
changes observed in amorphous Ge-based chalcogenides will be performed.
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Division MICRO- AND ACOUSTOELECTRONICS
Head: Prof. DSc. Elena Atanassova
Research scientists:
Prof. D.Sc. Ph.D E. Atanassova; Prof. D.Sc. Ph.D I. Avramov; Assoc. Prof. Dr. V.
Georgieva; Assoc.Prof. Dr. A. Paskaleva; Assoc.Prof. Dr. E. Radeva; Assoc. Prof.
Dr. S. Georgiev, Assoc.Prof. Dr. J. Koprinarova; Assoc.Prof. Dr. N. Nedev; Assoc.
Prof. Dr. D. Spasov; Dr. J. Lazarov, eng.; Res.Assist. M. Georgieva; Res.Assist. Ts.
Ivanov; Res.Assist. E. Manolov; Res.Assist. V. Gadjanova; Res.Assist. Ts.
Yordanov; E. Gajdarzhieva, physicist; S. Tsvetanov, technologist; Z. Raicheva,
chemist; L. Vergov, eng.; P. Angelova, physicist.
Research topics: physics and technology of MOS and MIM structures; thin dielectric,
semiconductors, magnetic and metal layers for the modern nano- and microeletronics;
Si/dielectric
interface;
microelectronic
Si-gas
sensors;
magnetotransistors;
magnetoresistors; excitation and propagation of acoustic waves in condensed matter;
materials for acoustoelectronics; resonant structures using surface transverse waves,
Rayleigh surface acoustic waves and bulk acoustic waves, and their applications;
acoustoelectronic elements and devices in communications; acoustoelectronics sensors;
calibration and certification of elements and devices for temperature measurements;
mass-sensitive quartz sensors; plasma polymers and composites.
Scientific achievements:
• Memory capacitors based on high-k films (pure and doped with Ti, Hf, Al, Ta2O5;
mixed HfO2-Ta2O5 layers) and metal gates (Al, W, Au, TiN, W/TiN, Pt, Ru, RuO 2) for
nanoscale Dynamic Random Access Memories have been developed, (Equivalent
oxide thickness around and below 1 nm, leakage current < 10-8 A/cm2 at 1 MV/cm
applied field, permittivity in the range of 32-37). A number of gate stacks (with ZrSiO;
HfSiO; HfTiSiO high-k dielectrics) for logic applications have been also studied.
Essential results in the engineering of storage capacitors and gate stacks parameters
have
been highlighted and investigated: fabrication conditions; treatment of Si
substrate; post- deposition and/or post-metallization annealing; doping approach;
electrical, dielectric, structural and optical parameters of the stacks; chemical bonding
and elemental depth distribution; effect of lower-k interface layer; crystallization
effects; gate-induced defects; thickness uniformity, surface morphology;
nanomechanical properties: hardness and elastic modulus; high-temperature stability;
radiation hardness; dominant conduction mechanisms; origin of traps controlling the
current transport; effect of short time (seconds) microwave treatment as an alternative
to high-temperature annealing; local electrical properties studied by conductive-atomic
force microscopy, (analyzed area ~nm); electrical stress response and reliability
aspects: mechanism of degradation, stress-induced leakage current, pre-existing traps,
stress-generated traps, charge trapping/detrapping processes, charge-to-breakdown,
pre-breakdown events, soft and hard breakdowns; phenomena which govern capacitor
electrical behaviour depending on: stack parameters, various treatments, electrical
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stress conditions.
The results are based on more than 130 publ. in intern. journals and Proc. of Intern.
conferences, (including invited papers, invited lectures and chapters in monographies).
Many of the results obtained are priorited, with respect to Ta2O5-based layers as high-k
dielectric for nanoscale application; more than 750 independent citations for the period
of 2002-2012.
Si wafer (1/2, 3 inch) with memory capacitors based
on high-k dielectrics. Each picture corresponds to 4
capacitors with different gate area, (10-4-10-3 cm2).

•

•

•

•
•
•
•

•

MOS structures with amorphous or crystalline Si nanoparticles in the dielectric layer
have been fabricated and demonstrated to be very attractive for application in nonvolatile memory devices. Important advantages: high density and operation speed; low
power consumption; good reliability. The potential of the structures as dosimeters for
ionizing radiation is shown.
A model describing electrical behavior of poly-Si thin film transistors (TFTs) has been
developed. Radiation hardness of different types of poly-Si TFTs has been investigated
and radiation-induced damage has been clarified.
Electrical properties of Si+-implanted polymethylmethacrylate (PMMA) have been
studied in dependence on the implantation dose. The improved electrical response of
Si+-implanted PMMA demonstrated its potential for soft-electronic applications.
It was established that a-Si:H/c-Si structures in MOS and FET configurations can be
used as alcohol vapour sensor.
Schottky diode with a-C:H/c-Si has been developed.
Gamma-radiation measurement system based on Si p-n detector and current amplifier
has been developed.
One-dimensional analytical model suitable for large scale solar cells under
illumination has been developed. A simple formula for optimal thickness of the cell ilayer is derived.
A technology flow for production of several types magnetoresistive multilayer sensors
including passive and active components with magnetic layers is developed (MR700,
MR500, Barber-pole bridge-type magnetoresistive sensor FBR, sensor for detecting
low currents, magnetoresistive sensors for positioning in the industry). A pilot
production of sensors is established and 15000 devises are manufactured, tested and
distributed in the European Market.
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Integrated magnetoresistive sensor
for measuring the absolute value of
magnetic fields. The sensor is
applied for linear positioning of
moving parts in the automation.

•

Precise Helmholtz coils for
investigation and qualification of
magnetic sensors. The unit is
designed and produced in the ISSP
and currently used in the industry.

Simulation of magnetoresistance phenomena.
Working page of the program. It is used
currently for flexible design and analysis of
novel application specific sensor structures.

A new design of miniaturized thermo-sensitive quartz resonator (TSQR) NLC cut
(yxl/31o30′ ) with a fundamental frequency at 29.3 MHz has been created.
Respectively, two types of quartz temperature sensors (QTS) with different designs –
plane parallel circular and strip type of piezoelement were developed, suitable for
using as high sensitive sensors for temperature measurement within a wide
temperature range of 4.2K to 420K.

Assembly of quartz temperature
sensors in the clean room.

Quartz temperature sensor for the
range of 4,2 К - 450 K

Application of quartz temperature sensors
in Multichannel measurement and control
system for food lyophilization.

Mass sensitive gas sensors utilizing the bulk acoustic wave (BAW) mode on quartz
have been investigated using the quartz crystal microbalance (QCM) method. An
experimental laboratory set up for measuring mass loading sensitivities of QCMs has
been designed and built. Various thin layers deposited onto different of QCMs by
vacuum, chemical and electrochemical methods have been studied. The sensitivity of
the QCM thin film system to NH3 vapors has been measured over a wide range of
concentrations.
• Innovative results have been published in the area of low-noise microwave oscillators
and gas-phase sensors utilizing the surface transverse wave (STW) and the film bulk
acoustic wave resonant modes. These include highly efficient power oscillators with
thermal noise floor values below -180 dBc/Hz, very low noise voltage controlled
oscillators (VCOs) with up to 3% tuning bandwidth as well as remotely interrogated
passive wireless sensors. Highly efficient corrosion proof Rayleigh surface acoustic
wave (RSAW) resonators with gold electrode structure for operation in highly reactive
chemical gas-phase environments have also been developed.

•
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Test board with the bulk acoustic resonator filter as used in one of the
voltage controlled oscillator prototypes. The acoustic device in the
center occupies a space of 0.05 mm3.

•

Plasma polymer films (PPFs) have been synthesized from hexamethyldisiloxane
(HMDSO) at different plasma polymerization conditions. They have been modified by
NH3 in the plasma reactor. Composites obtained in the same reactor from a mixture of
HMDSO and detonated nanodiamond particles (DNDs) have been studied. The
sorption properties and sensitivity of the layers to humidity, ammonia, NO2 and some
organic gases have been studied by implementing them in BAW and STW-based
resonators used as gas-phase sensors. A brightness increase of electroluminescent
displays coated with HMDSO based PPFs for protection against electric breakdown
has been demonstrated. The material properties of PPFs and DNDs implemented in a
polymer matrix for biocompatible implant applications have been investigated.

Research revenue:
19 projects by Nat. Sci. Found., Bulgaria; 5 projects supported by Ministry of Economic,
Bulgaria; 1 project supported by EU; 6 projects supported by JINR – Dubna; 6 projects
supported by Forschungs Zentrum Karlsruhe, Germany; 1 project supported by Nat. Inst.
of Mater. Chem. Tsukuba, Japan; 1 project supported by Nat. Sci. Found., Switzerland; 3
projects supported by: Secretaria de Educ. Publica, Univ. of Baja California, Concejo
Nacional de Ciencia y Techn. Mexico; 6 projects supported by Company, FABLES; 3
projects supported by Company FESTO; 1 project supported by Int. of Transport,
Moscow, Russia; 20 projects in the frame of Intern. Equivalent Exchange of Bulg. Acad,
of Sci.
Collaborations:
Fraunhofer Inst. of Integrated Systems and Dev. Techn. Erlangen, Germany; Univ. of
Limeric, Ireland; Inst. Electr. Eng. Bratislava, Slovakia; Inst. of Semicond. Physics
Kiev, Ukraine; Middle East Techn. Univ. Ankara, Turkey; Inst. of Physics, Skopje
University, Macedonia; University of Nish, Serbia; Inst. of Geochemistry and Analytical
Chemistry, Russia; Join Institute for Nuclear Res., Dubna, Russia; Forschungszentrum
Res. Center Karlsruhe, Germany; Intern. Social Survey Programme Res. Centre,
Germany; LCEP-ENSMM, Ecole Nationale Superiore de Mecanique et Microtecniques,
Besancon, France; Technicien Universite Vienna, Austria; CNRS (Centre National de la
recherché scienifique ), France; Nat. Inst. of Materials Chem. –Tsukuba, Japan; Techn.
Univ., Sofia; Incotech, Sofia; Point-L-F, Sofia; Semitex-OOD, Botevgrad; IntehnaOOD, Sofia; Piezoquartz – EOOD, Sofia; Inst. of General and Inorganic Chem., Sofia;
Central Lab. for Solar Energy and New Energy Sources, Sofia; Inst. for Optical Mater.
and Techn. Sofia; PQ-Corporation, Canada; ICL-Tel Aviv, Israel; Flucon, USA; AVLGraz, Austria; Lenzing, Austria; TUW,IAP-Germany;

68

Doctoral Degrees Awarded – 10; among them, 7 for the needs of Middle East Techn.
University Ankara, Turkey; Skopje University, Macedonia; Inst. of Semicond. Kiev,
Ukraine; Techn. Univ. Sofia, Bulgaria.
Masters Degrees Awarded – 15
Future outlook
Strategic objectives:
• to maintain the right balance between fundamental and applied research.
• to collaborate with an international network of partners to ensure insight into industrial
needs and roadmaps.
• to collaborate with local universities, scientific institutes, small and middle size
enterprises.
• development of new Si processing technologies for certain applications.
• transfer of division’s existing technologies to the partner’s site; fabrication of small
quantities of devices.
Focused research on:
• advanced materials, process steps and modulus for the needs of micro and
acoustoelectronics in the nanoscale.
• to build-up understanding of fundamental material properties and to align these
properties to actual device performance.
• novel device concepts (beyond classical CMOS) for technological nodes at least two
generations ahead of manufacturing; state-of-the-art electrical measurements
equipment.
Near future activities:
• Based on the experience of the team and the available unique electrical measurements
equipment, the lab. “Microelectronics” will extend its competence and expertise on
technology and characterization of nano-electronic devices. This means extention of
investigations on different kinds of new materials and structures for memory
applications, (non-volatile, nano-crystalline, resistive switching memories). Another
direction of the activities will be technology and implementation of different dielectrics
and semiconductor thin films in sensor systems and solar cells.
• Series of experiments on detection of hazardous NO2 and CO2 emissions in the
atmosphere by means of the quartz crystal microbalance method are planned in the
Acoustoelectronics Laboratory. Extending the temperature range of sensors to provide
functionality within 4.2-520 K will also be attempted. Systematic investigations in the
area of Rayleigh surface acoustic wave, surface transverse wave, bulk acoustic wave
and Lamb wave sensors for gas and liquid sensing applications are planned. These
will include cross sensitivities to temperature variations and investigations on plasma
polymers and nanocomposites as sensitive layers for various gas, liquid and biological
sensors. Activities towards improvements in QCM, STW and RSAW sensor devices
and sensor interface electronics, as well as development of biocompatible materials
for implants are also planned.
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Division LOW TEMPERATURE PHYSICS
At the moment two laboratories “Low temperature physics” (headed by Assoc.
Prof. E. Nazarova) and “Environmental physics”(headed by Assoc. prof. P. Simeonova)
belong to the division: Low temperature physics (headed by Prof. N. Tonchev).
HISTORICAL NOTES
The Low Temperature Physics Laboratory (LTP Lab) is among the oldest
laboratories at the Institute. It was originated on the base of existing since 1959 group of
liquid gases headed by E. Leyarovski, which was the founder of the physics and
technology of low temperatures in Bulgaria. Due to his activity the Low temperature and
cryogenic laboratory was officially established (at 5.07.1965) in the frame of former
Physical Institute with Atomic Scientific Experimental Base. Later Physical Institute
splits on two parts: Institute of Solid State Physics (ISSP) and Institute of Nuclear
Research and Nuclear Energy (INRNE). The Laboratory of Low Temperatures became
part of the new ISSP. Through years different structural changes take place at the
Bulgarian Academy of Sciences and ISSP respectively. This concerns the structure,
scientific potential and development of low temperature investigations not only at the
Institute but also in Bulgaria. More precisely this period is described by our colleagues
starting his scientific career with the establishment of the LTP Lab [1-5]. Here we will
focus on the last ten years 2003-2012. In the beginning of this period an important
structural change also occurs.
Laboratories “Superconductivity and superconducting materials” and “Magnetism
and low temperatures” were united under the name “Low Temperature Physics” with a
decision of the Scientific Council of ISSP (27 November 2003). For head of the joined
laboratory was elected Prof. N. Tonchev. The new important change takes place when the
Scientific Council adopted a division’s structure of the Institute of Solid State Physics on
11.05.2006.
At the mentioned ten years period Bulgarian Academy of Sciences go thought
serious financial difficulties due to the budget reductions. The process of renovation of
the staff capacity was strongly limited. On the other hand many colleagues working from
years in the field of low temperature physics, cryogenics and superconductivity retired:
Prof. V. Kovachev (head of the “Superconductivity and Superconducting Materials”
Laboratory), Assoc. Prof. V. Lovchinov (head of “Environmental Physics” Laboratory),
Assoc. Prof. B. Nikolov (head of “Cryogenics and Cryogenic Engineering” Laboratory),
Assoc. Prof. M. Bushev, Assoc. Prof. K. Kalaidjiev, Assoc. Prof. B. Terziiska, Assoc.
Prof. J. Georgiev, Assist. Prof. K. Nenkov, Assist. Prof. N. Todorov, chemist G. Mihova.
As a result of these negative tendencies the division has the following staff at the
moment: Prof. N. Tonchev, Assoc. Prof. E. Nazarova, Assoc. Prof. E. Vlakhov, Assoc.
Prof. N. Balchev, Assoc. Prof. A. Stoyanova-Ivanova, Asist. Prof. A. Zahariev, Assistant
S. Terzieva, PhD student K. Buchkov, Assoc. Prof. P. Simeonova and specialist M.
Ierusalimova.
A group of researchers from the laboratory “Superconductivity and
Superconducting Materials” started to work in the field of environmental studies since
2001 [6]. The first steps have been done in cooperation with different research groups
dealing with the same topics from University of Sofia “St. Kl. Okhridski”, Aristotle
University of Thessaloniki, Greece, Vienna Technical University, Austria, FriedrichSchiller University of Jena, Germany and Gdansk University of Technology, Poland.
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This broad activity made possible the decision of the managing body of the Institute of
the ISSP to create a new laboratory under the name “Environmental physics” (EP Lab). It
was officially announced as a new unit to division “Low temperature physics” in 2007
and Assoc. Prof. V. Lovchinov was appointed as the first head of the laboratory.
The main goal of this new laboratory was to represent the ISSP in Bulgaria and
abroad by preparation and participation of scientific projects dealing with environmental
problems on the base of the new strategy for monitoring data modeling, classification and
interpretation known as environmetrics. It could be stated that the laboratory is among
pioneers in this field in our country.
2. LOW TEMPERATURE PHYSICS LABORATORY
The LTP Lab examined different problems in the field of condensed matter
physics related to the materials and phenomena in magnetism and superconductivity.
More of the work carried out in the laboratory is experimental, but some theoretical
investigations have been provided too. A wide programme for investigations in
magnetism and magnetic materials, superconductivity and superconducting materials,
low temperature properties and composite materials was carried out.
2.1. TEORETICAL INVESTIGATIONS
The theoretical investigations during the past ten years (2003-2012) were focused
on the priority problems connected with different types of phase transitions (e.g.
magnetic, superconducting, structural, superradiant, etc.) and critical phenomena effects
which take place when the system is confined. Of special interest was the study of
systems in which the quantum fluctuations play an essential role together with the
thermal ones. In the last two decades, this branch of the theory of phase transitions has
undergone an extensive development and gained still growing importance for the theory
and the experiment as well.
Problems of finite-size scaling in confined systems due to the presence of longrange interaction decaying at large distance as r-(d+σ) σ>0 were considered in [7, 8]. The
attention was focused on the renormalization group results in the framework of ncomponent O(n) φ4 - theory for systems with fully finite (block) geometry under periodic
boundary conditions. The finite-size scaling properties of systems confined to a
d  dimensional layer with periodic boundary conditions across the finite dimensions
were analyzed and the role of the cut-off effects and their relation with those originating
from the long-range interaction was discussed as well. Special attention was paid to the
development of the adequate mathematical technique that allows the treating of longrange and short-range interactions on equal ground.
A method for studying finite-size scaling effects in systems with short-range
and/or long-range interactions, including systems with strong anisotropy has been
presented in [9, 10, 11]. Prominent examples are systems with long-range interactions,
decaying with the interparticle distance r as r d  with different exponents  in
corresponding spatial directions, systems with space–“time” anisotropy near a quantum
critical point, and systems with Lifshitz points. The simplest consideration is in the
framework of the d  dimensional O(n)-vector model in the limit n   where the model
is exactly solvable. It was demonstrated that finite-size scaling behavior takes place for a
certain class of systems regardless of the nature of their anisotropic properties.
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A revived interest in the famous Dike model that describes the interaction
electromagnetic field with mater is caused by the perceived relations between the
quantum phase transitions and entanglement properties, see [12]. In [12, 13] different
indicators of criticality such as: order parameters, fidelity, different susceptibilities,
cross-correlations for both electromagnetic and atomic constituents of superradiant states,
etc., were studied in order to clarify important features of the phase transition.
A phenomenological theory of phase transition in P0.6Ca0.4 MnO3 manganite is
developed in [14]. It is shown that this is the orbital phase transition and that two
electronic states of manganese ion, which are discussed in the literature, result from two
different types of condensation of the same orbital order parameter. Thus, the manganese
ions in P1-xCaxMnO3 manganites with 0.3≤x≤0.5 may be in either of the two electronic
states, depending on the thermodynamic parameters.
Under sufficiently mild conditions, upper and lower bounds on the fidelity
susceptibility are established which are expressed in terms of the Bogoliubov-Duhamel
inner product [15]. The usefulness of the results is illustrated on two very discussed in the
literature models: the Dicke model and the Kondo model.
2.2. MAGNETISM AND MAGNETIC MATERIALS
These investigations were carried out in the frame of Joint Research Projects
among BAS and Forschungszentrum Rossendorf e.V., (FZR), Institute of Ion Beam
Physics and Materials Research, Germany and Institute of Physics, Polish Academy of
Sciences, Warshaw, Poland and Institute of Electronics, BAS. The most important results
obtained are presented in [16-27].
Thin films of La1-xCaxMnO3 (x=0.3; 0.51) have been deposited on LaAlO3 (LAO)
and SrTiO3 (STO) substrates by magnetron sputtering (MS) and pulsed laser deposition
(PLD). Lattice strain induced by substrate misfit results in drastic change of transport and
magnetic properties. The very thin sample (thickness of 15 nm) with x=0.3 deposited by
MS on LAO substrate reveals compressive strained layer and semiconducting behaviour
in zero magnetic field. Application of strong magnetic field of 7.5 T leads to metallic
behaviour and metal–insulator transition at a temperature about a bulk value of 250 K. A
sharp transition to a low-resistive state above a certain magnetic field is found at T<50K
and associated with a significant hysteresis. Such a behaviour is similar to the
phenomenon of melting of a charge ordered state by magnetic field that is first-order
transition. Samples with substitution rate of x= 0.51 deposited by PLD on LAO and STO
substrates showed different behaviour due to variable strain of manganite layer.
Magnetotransport properties of La0.7Ca0.3MnO3 thin films deposited on LaAlO3
substrate were investigated. The balance between the charge ordered insulating phase and
ferromagnetic metallic phase may account for a number of glassy features such as
significant hysteresis, memory effects, and long-time resistivity relaxation. It was found
that the resistance of La0.7Ca0.3MnO3 thin film decreases significantly upon applying an
electric current, in a wide temperature range 10–220 K. The magnetotransport properties
of the strained thin films are discussed in the context of cross coupling of charge, spin,
and strain.
Thin films of GdMnO3 were deposited by RF magnetron sputtering on
SrTiO3(100) and Si(100) substrates. XRD analysis revealed that GdMnO3 films grown on
SrTiO3(100) substrate are well textured. The out-of-plane c axis is elongated by 0.75 % 1.10 % in comparison to bulk lattice value and depends on film thickness. The minimal
elongation was found for the GdMnO3 film deposited on La0.7Sr0.3MnO3 (LSMO) buffer
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layer. M/H vs. T (5<T<100K) as well as M vs. H (T=5K) dependences obtained for 100
nm thick sample GdMnO3 / SrTiO3 (100) point out to the absence of magnetic anisotropy
unlike for GdMnO3 single crystal. This effect is attributed to the significant structural
disorder which is due to misfit stress. AC resistivity measurements show a measurable
influence of static magneticfield on impedance parameters in accordance with (H, T)phase diagram of GdMnO3 single crystal.
Thin films of NdBaCo2O5+x have been deposited by magnetron sputtering on
single crystal substrate SАТ-САТ-LA(100) and SrTiO3(100). For the first time the
potential application of these thin films in perspective power devices like oxide fuel cell
(working in temperature range 500˚С -700˚С) is analyzed. The technological regime for
deposition of thin and ultra-thin NdBaCo2O5+x cobaltite films is optimized using
magnetron sputtering and ex-situ adjustment of the oxygen stoichiometry. Structural and
transport (electro-resistivity and thermoelectric power) properties of NdBaCo2O5+x
(0.50<x<0.75) ceramics have been investigated. New experimental data concerning
magnetic properties have been obtained in the temperature range 280 K – 400 K. MetalInsulator transition as well as spin state transition have been registered at T= 346 K.
Magnetic and transport properties of NdBaCo2O5+δ system are studied in less
investigated hole doped region (0.52<δ<0.72) and in pulsed magnetic fields up to 47 T.
The conductance in zero magnetic field and T < 130 K is described by a two-gap
expression completed by the term of variable range hopping (VRH). The thermoelectric
power S(T) measurements confirm magnetic phase diagram found by magnetic and
electric transport investigations. VRH mode gives good approximation at zero and high
magnetic field 47 T. The isothermal magneto-conductance (G) of hole doped
polycrystalline NdBaCo2O5.72 is well fitted by G(H, T)/G(0) =G0exp(H/H0) dependence at
55 K<T<138 K (the region where FM state appears) instead of simple linear dependence
found for manganites La0.7Sr0.3MnO3. The parameter H0 is considered as the magnetic
field of full spin sublattices’ reorientation and MR saturation. The magnetoconductance is
possibly realized through the a-oriented grains due to the strong decrease of resistivity
Δρc/ρc in magnetic field along a-axis.
This work is a result of collaboration with scientists from Leibnitz Institut für
Festkörper- und Werkstofforschung, Dresden, Germany; Institute of Low Temperature
and Structure Research, Wrocław, Poland; Joint Institute of Solid State Physics and
Semiconductor Physics, Minsk, Belarus and the results are published in Phys. Rev. B
[27]. This article developed by E. Vlakhov and his team was awarded first place in the
competition for the best work at the Institute in 2011.
2.3. SUPERCONDUCTIVITY AND SUPERCONDUCTING MATERIALS
An important trend of studies is investigation of high temperatures
superconducting materials (HTS): preparation, properties and applications. Polycrystalline
high temperature superconducting materials from different families (RBCO, BSCCO,
Ru-1222, Mo1212, MgB2) have been synthesized. The influence of various magnetic and
non magnetic substitution of their microstructure, phase formation, electrical and
magnetic properties has been investigated. The work concerning practical applications of
these materials also has been provided.
A part substitution of the rare-earth element in R1-(x+y)CaxPryBa2Cu3Oz, (R=Y, Eu,
Gd, Er; x=0, 0.20, 0.25, 0.30; y=0.04, 0.05) ceramics with calcium and praseodymium
were studied in order to modify the properties of these materials.
All R1(x+y)CaxPryBa2Cu3Oz, (R=Y, Eu, Gd, Er; x=0, 0.20, 0.25, 0.30; y=0.04, 0.05) samples
were sintered by a three-stage ceramic method including a solid-state reaction and
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sintering. As a result of this comprehensive study it was established that the three-stage
method for heat treatment is appropriate for obtaining ceramics. The introduction of
calcium decreased porosity, increased density, distributed homogeneously in the R1xCaxBa2Cu3Oy (R = Er, Eu, Gd) and lead to the formation of small grain polycrystalline
material. The appearance of a liquid BaCuO2 phase improved the connectivity between
grains after sintering at 930°C. The increase of the calcium content in the R1xCaxBa2Cu3Oy (RЕ = Er, Eu, Gd) ceramic decreases the critical temperature and oxygen
content. The influence of the Ca, Pr and type of R element on the microstructure, the
phase formation, oxygen content, critical current and magnetic properties are summarized
in [28-35].
This work has been carried out in the frame of Interacademic collaboration project
with Tallin Technical University, Estonia, International Laboratory for High Magnetic
Fields and Low Temperatures – Wroclaw, Poland and Leibniz Institute for Solid State
and Materials Research, Dresden, Germany. Article [34] developed by E. Nazarova and
her team was awarded first place in the competition for the best work with international
colaboration at the Institute in 2006.
Chemical substitution is a simple technological decision for the generation of a
large number of nano-sized defects. Replacement of some atoms in the structure with
other ones of different valence, ion radius and magnetic moment can result in deformation
of lattice, charge distribution, appearance of oxygen and other atoms vacancies or
disorder. Partial replacement of rare earth ion in RBa2Cu3O7-δ by Ca2+ ion with similar
ionic radius but lower valence value, provides additional holes and makes the overdoped
region of the T(p) phase diagram accessible for study. Investigation of intra- and intergranular effects in overdoped polycrystalline R1-xCaxBa2Cu3O7-δ (R=Y, Gd, Er and x=0,
0.025, 0.05, 0.10, 0.20) samples was carried out by using different experimental
technique. X-ray powder diffraction analysis and SEM were used for the examination of
phase formation and microstructure. AC magnetic susceptibility measurements (of
fundamental and third harmonics) as a function of temperature, DC magnetic field,
frequency and AC magnetic field amplitude were exploited for the investigation of a large
number of properties: differentiation between inter- and intra- granular effects, estimation
of intergranular Jcinter, activation energy for TAFF, irreversibility line or non-linear
dissipation processes. DC magnetization measurements were performed at fixed
temperatures as a function of magnetic field and intragranular Jcintra was obtained.
Transport measurements (resistivity vs. temperature and I-V characteristics) at different
magnetic fields were used for the establishment of vortex-glass-vortex-liquid phase
transition and scaling parameters. It was established that low level overdoping leads to the
improvement of intragranular critical current, flux pinning and irreversibility field at 77 K
making it higher than in non substituted, fully oxygenated YBCO samples. Temperature
dependence of intergranular critical current showed that it is governed by the S-I-S type
joints between the grains. For highly overdoped samples the suppression of intragranular
critical current and flux pinning has been observed. The intergranular critical current is
characterized by S-N-S type. Indirect evidence suggests that this is a result of carriers’
phase separation supporting the idea that the quality of superconducting condensate is
strongly influenced by overdoping. The field dependence of activation energy for TAFF
shows that 2D pancake vortices are characteristic of underdoped samples, while 3D
vortex system exists in overdoped ones. Hole concentration is an essential parameter that
controls many properties in HTS. We also investigated how the vortex dynamics was
influenced by the doping effect. By using the third harmonics signal of AC magnetic
susceptibility the irreversibility line was determined. The existence of vortex glass-vortex
liquid phase transition was confirmed also by transport measurements. The scaling
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behavior of E-J data in Ca substituted samples is similar to the other polycrystalline
YBCO samples. Previously established morphology dependence of dynamic exponent (z)
was confirmed. However, z values are smaller than the usually reported for nonsubstituted YBCO. Static exponent (ν) shows a tendency for field dependence. These
observations have been explained with the peculiarities of Ca substituted samples.
The above investigations have been carried out in the frame of Euratom project in
cooperation with Leibniz Institute for Solid State and Materials Research, Dresden,
Germany and Institute of Low Temperature and Structure Research, Wroclaw, Poland and
results are presented in [36-41]. The programmable furnace was delivered in 2009 using
the financial support of the Euratom project (Fig.1). It is very useful for samples
synthesis. The main obtained results are presented in Chapter 5 “Investigations of the
overdoped state in polycrystalline R1-xCaxBa2Cu3O7-δ samples (R=Y, Eu, Gd, Er)” of the
book “Superconductivity: Theory, Materials and Applications” edited by V. Romanovski
gone out of print in 2012 (Fig. 2). These results will be used for preparation of PhD thesis
by K. Buchkov. Student E. Georgieva from Faculty of Physics, Sofia University is
writing his master thesis on this topic too. Article [38] developed by E. Nazarova and her
team was awarded second place in the competition for the best work at the Institute in
2010.

Fig.1. Automated furnace “Carbolite”
with vacuum system for samples synthesis

Fig.2. Book “Superconductivity:
Theory Materials and Applications”

Controlling the oxygen content in superconducting samples with very small mass
(less than 1 mg) is not possible with the known analytical methods. This is why, the
spectrophotometric technique developed earlier was improved and a method was
proposed based on the oxidation-reduction reactions between the copper ions – Cu(II)
and Cu(III) – from the RЕBCO high-temperature superconducting sample (R=Eu, Er,
Gd) and the iodide ions – I – in the solution, and on measuring the absorption of the

deeply colored I3 -starch compound. The method retains the major advantages of the
previous one, namely, absence of necessity for calibration and mass measurements.
High temperature Er1Ba2Cu3Oy and Gd1Ba2Cu3Oy (y = 6.5 + δ) superconducting
ceramics were prepared. The amount of oxygen in the synthesized samples was varied as
they were kept at 460±5 ºC in flowing argon. The oxygen non-stoichiometry content, δ
was determined by measuring the absorption of the blue colored I3–-starch compound.
The unit cell parameters were determined from powder XRD patterns. A correlation
between c unit cell parameter and y-oxygen coefficient in Er1Ba2Cu3Oy and Gd1Ba2Cu3Oy
ceramics was established. The derived new relations can be used for the rapid semiquantitative analysis of the oxygen content in the mentioned ceramics. This work is
provided in collaboration with University of Chemical Technology and Metallurgy,
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Sofia, two master thesis were defended on this topic and several publications were
completed [42-44]. Part of these investigations was included in the PhD thesis of A.
Stoyanova-Ivanova defended in 2007.
Samples with nominal compositions Ru1-xSnxSr2Gd1.4Ce0.6Cu2Oy (0 ≤ x ≤ 0.1)
were synthesized and their structure, superconducting and magnetotransport properties
were investigated. It was shown that the Sn-doping enhances the crystal growth in Ru1222. A maximum in the dependences of the lattice parameters and Tc on the dopant
content x was observed. Small doping levels significantly increase the Tc of the Ru-1222
samples, prepared at the same conditions - from 20 K for the undoped sample to 35 K for
the x=0.02 and 0.03 ones. It was found that the Sn-doping enhances the upper critical
field Hc2(0), extrapolated to T=0, and the weak link behavior at the expense of the
intragranular superconductivity in Ru-1222. The observed phenomena were discussed.
The pinning and transport properties of samples with nominal compositions
MoSnxSr2YCu2O8- (x=0 and 0.03) were investigated as a function of the temperature
and magnetic field. It was established that Mo-1212 is a highly anisotropic
superconductor with the formation of 2D vortices. The Sn-doping increases the
anisotropy and modifies the intergrain superconductivity of Mo-1212. The temperature
dependences of the resistivity of the undoped and Sn-doped Mo-1212 were described
with the relation ρ(T) = (ρ0/T) exp(-U/kBT). The fit to this relation indicates the
temperature range of application of the flux-creep approximation. We determined the
penetration depth λ, the coherence length ξ and the attempt frequency ν0 of Mo-1212. The
field dependences of the parameters ρ0 and U denoted the presence of a crossover field.
Some interpretations of the latter field, as well as the non-linear electric field versus
current density characteristics were discussed. Article [53] developed by N. Balchev and
his team was awarded second place in the competition for the best work at the Institute in
2010.
These results are published in various repute journals [45-54]. We are highly
obligated to our colleague K. Nenkov for the committed investigations. He is working for
years at Leibniz Institute for Solid State and Materials Research, Dresden, Germany and
helping us for realizations of many other our ideas.
МgB2 superconductor with critical temperature Тс = 39.6 K was obtained by two
different methods. The series differ in the superconducting phase quantity and
superconducting grain size. This reflects on the width of the superconducting transition
[55].
It is important to underline our work concerning the application of high
temperature superconductors in cables and tapes. We tried to prepare our own
superconducting tapes and investigate the commercially available as well.
The commercially available coated conductor tapes have a thin superconductor
layer in the range of a few microns and width between 4 to 12 mm which means high
aspect ratio and leads to high hysteretic losses. Therefore, their applications in ac field
require a special conductor design in order to reduce the losses. Completely new concepts
are necessary in order to realize a high current cable from coated conductors due to the
tape geometry and the limits in their in-plane flexibility with respect to obtaining high
current low ac loss cables. The most promising solution to this challenge seems available
by Roebel technique which has already been applied for cooper bars 100 years ago, as
well as it is used for low temperature superconductors.
Different possibilities for further ac loss reduction obtained by modifying the tape
strands (filament structures) or by improving the cable structure have been performed.
The results show that the narrow cable with 2 mm wide tapes have a factor of 4–10 times
smaller losses compared to the cable of 6 mm tapes. The magnetization losses remain
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small, due to the small width of individual tapes and stacking effect. The proposed
method of transposing coated conductors that have striations on themselves confirmed
the further reducing of the magnetization losses. The concept of structuring coated
conductor tapes to a Roebel strand and assembling a number of strands to a cable is the
first approach to realize high transport currents and a low ac-loss structure in a flat cable
suitable for windings. The number of strands can easily be increased to multiple with
longer cabling length and higher current.
These investigations [56-60] are part of developed technology for optimizing
design and improvement stability of Roebel cables because this new cabling technique
gives real possibility to use high temperature superconductors as high current cables with
low ac losses.
This work has been carried out by S. Terzieva during her three years
specialization in Karlsruhe, Institute of Technology, in the frame of Europen Research
Project “NESPA-NanoEngineered Superconductors for Power Applications”. As a result
of her hard and successful work she defended her PhD thesis and was awarded with the
“Evstaty Geshov” prize of the Bulgarian Academy of Sciences in 2011 (Fig.3).

Fig.3. Honorary diploma of S. Terzieva
It is worth noting our efforts for preparing of superconducting tapes by oxide
powder in tube method (OPIT) [61, 62], financially supported by project NT1525 from
the National Scientific Fund. We fabricate Ag-sheated Y1-xCaxBa2Cu3O7-δ (x=0; 0.3)
tapes and show that overdoped superconducting core gives better result. First: a higher
degree of out-of-plane texturing is achieved due to the presence of BaCuO2 and
formation of low melting eutectic. Second: overdoped core provides more carrier
concentration and better intergrain transparency and Third: smaller Y diffusion in Agsheat takes place ensuring better stoihiometry in the superconducting core. As a result 8
times higher Jc values are obtained for tapes with Y0.7Ca0.3Ba2Cu3O7-δ core in spite of the
fact that Jc is measured very close to Tc. Releasing of stress between the superconducting
core and Ag-sheat with the time leads probably to further Jc improvement. The above
results are obtained for the superconducting tapes made by OPIT technology, but in
principle they could be applicable for the coated conductors also. Patent №
65265/06.07.2007 “Method and set-up for measurements of ac losses in HTSC tapes at
nitrogen temperatures” with authors B. Terziyska and was defended. As a result of
including the students (fromV. Kovachev University of Chemical Technology and
Metallurgy, Sofia) in these investigations two master thesis were prepared and defended.
Another interesting application of superconductivity for dating of lead artifacts in
archaeology has been successfully tested. The lead excavations from Sofia Amphitheater
discovered in summer of 2006 during the foundation work of new building on Dondukov
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Street have been investigated. By measuring the magnetic susceptibility of samples the
mass of non corroded part was very precisely determined. The interconnection between
the mass of corroded layer and time of corrosion is used for dating of samples [63].
2.4. LOW TEMPERATURE PROPERTIES AND COMPOSIT MATERIALS
Thermal properties investigation of GexAs40-xS60 glasses within 4-300 К is carried
out to study the mechanisms controling scattering and heat transfer processes in these
materials. The observed universal low-temperature behaviour of the measured thermal
characteristics (thermal conductivity, specific heat and thermal diffusivity) is explained in
the frame of Soft Potential Model (SPM), postulating the existance in glasses of
additional quasy-localized low frequency modes over acoustic ones, reflecing a
noticeable feature in their vibrational density of state g(ν)/ν2. A correlation between a
degree of fragility of these ternarychalkogenides and compositional dependences of their
specific thermal characteristics is established to change stronger at 2D-3D transition and
weaker at chemical ordering. A weighted orthonormal polynomial expansion method
(OPEM) is applied for approximation of thermometric characteristics of the Ge film
microsensor and Cernox type temperature sensor in the range of 1.7-300 K. The extended
algorithm of OPEM allows mathematical description of R(T) and T(R) functions by usual
polinomials, too.
This work [64, 65] is performed in the frame of the collaboration with
International Laboratory for High Magnetic Fields and Low Temperatures – Wroclaw,
Poland and Laboratory of Photoelectrical and Optical Phenomena in wide band gap
semiconductors at the ISSP.
Bulk superconducting (SC) BPSCCO ceramics involving manganite phase have
been obtained by two different methods: a solid-state synthesis and low-temperature sol–
gel methods. The sintered bulk material containing La(1-x)MxMnO3 (M=Pb, Sr) and
YBCO, a SC transition below 90 K and ferromagnetic properties at room temperature
(RT) was observed. The results suggested that the composite reveals superconductivity
below 86.6 K [66, 67].
The above examples demonstrated the possibility of coexistence of
superconductivity and ferromagnetism in polycrystalline ceramic materials, but many
problems arise concerning the reproducible preparation of such materials, because the
successful sintering of bulk materials is connected with long-time heat treatment. This
motivates us to continue the studies in this direction.
3. ENVIRONMENTAL PHYSICS LABORATORY
In the laboratory studies using the methods of the multivariate statistics are
applied for classification, modeling and interpretation of various environmental systems.
The results from these studies [68-85] are of significant practical importance since they
allow:
1. To obtain visual information (projection of the multivariate data on a plane)
about the state of a certain environmental system, which (along with the modeling) is the
background for solving a possible environmental problem;
2. To reach responsible solutions from political and social point of view in favor
of the society;
3. To help in preparation of adequate directives and laws supporting to keep the
environmental systems in equilibrium;
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4. To contribute to a scientific explanation of the principles of the sustainable
development.
As one of the most substantial achievements of the Laboratory the appearance of
the monograph “Introduction to Environmental Physics”(Avangard Prima ISBN 978-954323-350-2) with authors Dr. P. Simeonova and Assoc. Prof. Dr. V. Lovchinov could be
accounted for [70] . On Fig.4 monographs and books written by colleagues from Division
“Low Temperature Physics” are presented.. It deals not only with topics of the traditional
environmental physics but also with items like risk assessment of environmental
pollution, sustainable development of technologies and society, management of the
ecosystems, organization of the environmental monitoring as well as with interpretation of
politically and economically correct solutions of the existing environmental problems. It
is often used as textbook in four Bulgarian universities and supporting instrument for
many researchers dealing with environmental problems.

Fig.4. Monographs and books written by colleagues from Division “Low
Temperature Physics”
The scientific staff of the Laboratory cooperates successfully with many other
research units in chemistry, biology, ecology, medicine sciences. The aim of the
cooperation is improving the life quality and helping the overall civilization development.
Thus, together with scientists from University of Medicine, Sofia epidemiological data
for diabetes mellitus type 2 patients were modelled and interpreted aiming the
clarification of the role of the metabolic syndrome in appearance of the specific disease
[71].
A significant part of the research aims the application of an original
environmetric methodology for effective assessment of the marine environment using
heavy metals pollution models for various marine compartments like sediments, waters,
benthic organisms. Methods of the multivariate statistics like cluster analysis, principal
components analysis, partial least squares regression were used to model the systems.
The results obtained could be used for correct assessment of the marine systems state as
well as for the mutual relationships between the different compartments and their impact
on the marine basin sustainability with respect to pollution. This approach is of
substantial importance for understanding and sustaining the ecological equilibrium.
A specific model study was carried out dealing with the impact of non-controlled
natural events on the environment and humans. An original environmetric approach for
assessment of the effects from a flood event in a given river catchment is offered with
respect to the pollution of the water phase. Model estimates concerning the changes in the
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surface waters after flooding and the influence of local polluting sources during the flood
event are calculated. This is a substantial contribution to the understanding and
prevention of flood effects.
Together with Portuguese scientists the quality of air and the global influence of
air transport was assessed by environmetric approaches for a specific sampling site such
as Azorean Island. The results were presented at the 5th International Workshop on
Biomonitoring of Air Pollution (5th BioMAP), Buenos Aires, Argentina (2009) and
published in Journal of Radioanalytical and Nuclear Chemistry [72].
The activity of the Laboratory was always concentrated on socially important
projects, e.g. assessment of the water quality of the rivers Yantra and Ropotamo ,
environmetric modelinig of monitoring data from high- -mountain lakes (Rila and Pirin
Mountain) was performed in order to assess the water quality depending on temporal and
spatial parameters. However, the most significant success in the last three years (20092012), is the realization of the project DO-02-352 entitled “Improving of the life quality
by sustainable management of surface waters – application for the catchments of the
rivers
Struma and Mesta” financed by the National Science Fund. It was one of the best funded
projects executed by ISSP. The results obtained could be summarized as follows:
1.
A software package was prepared to calculate the long-term trends in all
physicochemical parameters for the water quality of the rivers Struma and Mesta;
2.
Original integral indices for pollution and for climate impact were created;
3.
A software package to determine the geographic coordinates of each
monitoring station along the River Struma flow was prepared;
4.
Analysis of monitoring data from River Struma flow was performed using
neuron nets (self-organizing maps of Kohonen) and the original approach (Hasse
diagrams) for ranking the factors impacting the water quality;
5.
Environmetric analysis of another type of surface water monitoring data
(high mountain lakes from Pirin Mountain) has been carried out in order to check the
adequacy of the original strategy for assessment (and management) of surface water
quality;
6.
In a very original and specific study performed in cooperation with Polish
colleagues from Gdansk University of Technology our original strategy for assessment
and modeling of surface water quality has been successfully applied.
7.
The researchers from the „Environmental physics Laboratory” work
actively not only in the field of environmental physics but continue their research in
material sciences looking after new materials with practical application.
The structural, magnetic, magnetoelectric, and ferroelectric properties of series of
single crystals of rare-earth manganites with orthorhombic structure, space groups
D2h/16/ and D2h/9/ ( Sm0.864Pb0.136MnO3, HoMn2O5 , La0.78Pb0.22MnO3 monocrystals as
well as mixed compounds of HoxTb1-xO3, HoMnxFe1-xO3, HoxCr1-xO3, DyFexCr1-xO3 )
have been investigated in wide temperature range T = 2 K- 800 К and in magnetic field
up to 14 T. The existence of giant magnetoresistance (GMR) for some samples, a giant
magnetostriction effect for others and the presence of multiphase ferroelectric states were
demonstrated. Various possibilities for practical applications (for example:
magnetocaloric effect at ambient temperatures) are discussed.
The detailed field and temperature dependence of the dielectric constant, electric
polarization, magnetization and magnetostriction in orthorhombic HoMn2O5 single
crystals. HoMn2O5 displays incommensurate antiferromagnetic ordering below 39 K,
becoming commensurate on further cooling. The commensurate-incommensurate
transition takes place at low temperatures.The inherent magnetic frustration in this
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material is lifted by a small lattice distortion, primarily involving shifts of the Mn 3+
cations and giving rise to a canted antiferroelectric phase. Colossal magnetostriction
effect was observed and a novel phase transition diagram was built.
This work has been carried out in collaboration with the Crystal Growth
Laboratory at the ISSP, Universite de Liege, Institute d’Electricite – SUPRATECS,
Liege, Belgium and International Laboratory for High Magnetic Fields and Low
Temperatures – Wroclaw, Poland. Most of the results are included in the PhD dissertation
of I. Radulov [73-76] with supervisor Assoc. Prof. V.Lovchinov. The papers of I.
Radulov were awarded by Reintegration Grant NATO- ЕАР.RIG № 981824 and he
continued his research at the Laboratory.
The successful cooperation with L’Universite de Liege, Belgium on a joint project
entitled: “Thermal and magnetic properties of HT superconducting and related magnetic
materials” made it possible to carry out precise investigations performed by Quantum
Design PPMS in Liege of another whole class of single crystals of HoMnO3, TmMnO3,
TbMnO3 and DyMnO3 synthesized at the Institute of solid state physics, BAS. These
materials have revealed interesting relations between their dielectric and magnetic
properties. The results obtained indicated a sharp peak in the magnetic permeability,
which strongly depends on
frequency. The materials also indicated a mega-magnetic transition and
asymmetric hysteresis in the dependence between magnetic moment and field. The
appearance of a magnetoelectric effect marks these materials as perspective candidates for
a new series of studies, e.g. thermal measurements of magnetic materials [77-81].
Another series of practically oriented studies were performed on aluminate
samples lacking data for their magnetic and optical properties. Using the modified
method of Pechini nanocrystal samples of RAlO3 (R = Nd, Sm, Eu, Dy, Gd) were
prepared. For the first time malonic acid was used as a new and effectice compxing agent.
It has led to a decrease of 500оС -600оС of the temperature for their synthesis. Using the
system Physical Property Measurement System (PPMS-9 QD) the temperature and field
dependence as well as the magnetization of the nanostructured aluminates obtained were
measured. The size of the effective magnetic moment, the temperature of the magnetic
phase transfer “paramagnetism - antiferromagnetism, i.e. Neel’s temperatures TN were
determined for R = Gd, Dy). The experimental values for TN were used to determine the
volume interaction constants for GdAlO3 and DyAlO3. The results were compared with
similar data from bulk monocrystal samples of the same aluminates. These works has
been carried out in collaboration with the University of food technologies, Plovdiv, and
the results are included in the PhD dissertation of D. Petrov [82-84] with supervisor
Assoc. Prof. V.Lovchinov.
All studies of the Laboratory are published in scientific journals with impact
factors and are highly cited.
3.1. TEACHING ACTIVITIES
Despite its limited staff the Laboratory executes a significant teaching activity. In
the last ten years following three dissertations theses were defended:
1.“Ecometric Approaches in Environmental Physics” -P.Simeonova
with
supervisor Assoc. Prof.. V.Lovchinov and Doc.S.Tsakovski. This dissertation was used
as background for the future monograph. [70].
2.“Magnetic properties of rare-earth manganites” - I.Radulov with supervisor
Assoc. Prof. V.Lovchinov;
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3. “Magnetic and surface properties of nano-structured lantanoide
monoaluminates” - D.Petrov with supervisor Assoc. Prof. V.Lovchinov.
At the moment the fourth dissertation thesis entitled “Environmetric assessment
of water and air quality„ by P.Papazova with supervisor Assoc. Prof.
Pavlina
Simeonova is in preparation.
In 2008 the World Federation of Sciences – Switzerland has asked Assoc. Prof. V.
Lovchinov to prepare a program for one year education of a postdoctoral student dealing
with Global and local pollution in particular: Management of water quality. The program
was approved and after respective competition as postdoctor Dr. I. Radulov was engaged.
After the term of education and practicing under the tutorship of Assoc. Prof. V.
Lovchinov, an exam was performed in front of a competent commission and a respective
certificate was issued.
In 2009 and 2010 after delivering of the unique apparatuses Atomic Force
Microscope (AFM) and Physical Properties Measurement System (PPMS) Assoc. Prof.
V. Lovchinov together with leading specialists from ISSP has held series of lectures,
practical exercises and exams with PhD students from ISSP and young scientists from
other institutes of Bulgarian Academy of Sciences for the practical application of the new
apparatuses.
3.2. FUTURE RESEARCH PLANS OF THE LABORATORY
In the last two years 2011 - 2012 the staff of the Laboratory participated in two
new projects (managed by Assoc. Prof. V. Lovchinov) for investigation of promising new
materials with practical application. One of the projects is entitled “Structural and
physical investigations of nano-structured thin layer and bulk materials based on ordered
porous dielectric matrices” and the partner is the Physicochemical Technical Institute
“A.F. Yoffe” , Russian Academy of Sciences. The other one has as partner Universite de
Liege, Institute d’Electricite – SUPRATECS, Liege, Belgium and is entitled „Electrical
and magnetic properties of Perovskite magnetic materials”.
Both projects will make it possible to cooperate and include young scientists with
the high-level activities at Physicochemical Technical Institute “A.F. Yoffe” and the
multidisciplinary group in Universite de Liege. The Laboratory offers its new technology
for synthesis of multi-ferroic fibrous materials by elctrospinning method, presented at 17
International School of Condensed Matter Physics , Varna, 2012 and awarded as a best
poster presentation and promising study with ecological impact.
Future studies at the Laboratory foresee:
Development of environmetric long-term strategy for assessment of the quality of
the Tundja River and Maritsa River using data from monitoring. The results will be used
in the PhD thesis of the PhD student Petia Papazova.
Statistical interpretation of marine organisms monitoring data (heavy metal
content) from the Black Sea to identify pollution sources.
Participation in a scientific team (along with scientists from the Military hospital)
for establishing alcohol abuse effects using statistical interpretation of medical
parameters.
.
4. EXPERIMENTAL EQUIPMENT
Executive council of the institute’s and laboratory’s directors: Institute of solid
state physics, Institute of nuclear research and nuclear energy, Institute of electronics,
97

Central Laboratory of solar energy and new energy sources, Central laboratory of applied
physics At the end of 2008 the Ministry of finance released nearly 10 milion levs to BAS
for infrastructure projects. Three experimental equipments were purchased by the
physical institutes and laboratories in BAS costing 1 150 000 levs: Atomic Force
Microscope (AFM), Physical Properties Measurement System (PPMS) and
spectrophotometer. In 2009 the equipment was delivered. It was decided to form a
consortium of physical institutes and laboratories managed by a Plovdiv, being named
“Research center for investigation of physical properties of materials, surfaces and
structures”. After unanimous voting all directors decided as head of the new Center to be
appointed Assoc. Prof. V. Lovchinov, who becomes responsible for the proper function of
the Center. It was decided to locate the equipment on the territory of division “Low
temperature physics” which proved to be the most suitable by special parameters
according to the requirements of the producers. Besides the Division has the necessary
professional for liquidation, holding and exploitation of liquid gases needed for PPMS
proper functioning. The point was that division “Low temperature physics” included in its
staff well-prepared researchers able to use the complex system PPMS (Fig.5). They also
harmonized their efforts in the re-organization and repair of the premises offered by “Low
temperature physics” division for the new equipment. The management of division “Low
temperature physics” felt responsible for the functioning and development of the
“Research center for investigation of physical properties of materials, surfaces and
structures” by ensuring territory, professional staff and infrastructure for activities at low
temperatures. As a result of this responsibility in the last two years the Center was
additionally equipped by two new apparatuses bought by „Environmental physics
Laboratory”, namely High-Temperature Infrared Thermal Imaging Camera (FLIR T200)
240 x 180 IR Resolution, Measured Temperature to 350°C, 2X Continuous Zoom and
Scanning electron microscope (SEM) Jeol T-200, which will broaden the opportunities
for research work (Fig.6). Especially promising are the studies using Infrared Thermal
Imaging Camera which allows measurements of the thermal energy expenses for final
users on regional and municipal infrastructure aiming increase of the energy efficiency.
Pollution of water and soil systems could be also detected and recorded as well defect of
the electric transport net.

Fig.5. Physical Properties Measurement System

Fig.6. Infrared Thermal Imaging Camera

The usefulness of the “Research center for investigation of physical properties of
materials, surfaces and structures” could be readily seen if the results of its three years
term of existing are analyzed. Many experimental studies have been carried out mainly of
use for PhD students from different institutions of BAS.
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Additionally, teaching experiments dealing with electric and magnetic properties
of materials have to be included in the list of activities. Series of samples of nanostructured lanthanide monoaluminates, magnetic superconductors of the type
МоSrSnYCuO and RuSrSnYCuO, superconducting YBaCuO tapes doped by different
dopants containing Са, monocrystals of AlFeO3 and lithium tetraphosphates. Using the
system PPMS 14 scientific papers were published in journals with high impact factor. A
chapter of the monograph „Superconductivity: Theory: Materials and Applications” was
also prepared. The AFM was often used by researchers of different academic institutes
and University of Sofia. Totally over 40 measurements were performed by AMF. It is
interesting to note that for 2012 the performance of measurement of magnetic materials
was at hand. Since then mainly studies of surface morphology, average square roughness,
phase separation, size, shape and size distribution of nanoparticles, nanowires and
nanotubes, microstructural changes in the samples after thermal treatment, electric and
magnetic properties have been carried out. This “Research center for investigation of
physical properties of materials, surfaces and structures” is a self-supporting unit. In
order to continue its existence and function the Center needs financial support.
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RESEARCH ACTIVITIES:
Traditionally, research activities in the Division (Laboratory) cover a
comparatively broad range of scientific subjects, ranging from solid state physics,
through soft matter (liquid crystals and biomolecules) to practically isolated molecules
and atoms, and from experimental and applied to theoretical modeling and mathematical
approaches to quantum mechanics. In this text we shall make a brief survey and
characterization of the various research activities performed in the Division (Laboratory)
during the last 10 years
1. Liquid crystals [1-61].
We use a set of experimental methods, such as microtextural polarization
analysis, conductivity measurements, depolarized Rayleigh light scatterind, X-ray
diffraction, differential scanning calorimetry, impedance spectroscopy, FT-FIR
spectroscopy and polarized micro-Raman spectroscopy, to investigate macroscopic
properties of nematics with short range smectic order and smectic C.
The electroconvection (EC) in nematics (N) liquid crystals (LC), appearing
beyond smectic C (SC) at cooling known as N with short range SC order, presents an
unique electrooptical phenomenon due to generation and frustration of the smectic
layering, which manifests inside the N temperature range. We have investigated the EC in
N LC under temperature variation, and found three distinct nematic regions. The
influence of the change of magnitude and sign of electroconductivity anisotropy, as well
as the influence of the nematic director location (both driven by the temperature
variation) for creating of these unique regions are discussed.
Investigating the dynamics of the EC we found that the response times below a
specific temperature T∗, within the nematic medium, are about two times shorter than
those in the classical N, as an equalization of both response and decay times, which is
preferable in LC display techniques, come abut. By polarisation analysis of the azimuthal
in-plane director deflection in the EC regime we suggested that EC instability in N with
short range SC order has a twist-type character. We indicated that the specificity of the
temperature variation of the electroconductivity and the EC in N LC with short range SC
order is determined by the smectic tilt angle magnitude and the dimer’s compactness
within the supramolecular complexes (clusters). For the first time in N LC were detected
harmonics higher than fourth order.
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A unified model for thermal and EC dendrites in N LC with short range smectic
order has been suggested. We found that the dendrites growth is an indication of
nonlinear dissipative process driven outside of equilibrium. It was determined that, while
the thermal dendrites are indication of the propagation of the low temperature (low
symmetric) ordered state in high temperature metastable N, then EC dendrites are
indication of the invasion of the nonequilibrium convective state in the quiescent state of
the N media in the presence of electric field. The common feature of both nonlinear
processes is the propagation of the interface (front) between the two states accompanied
with hysteresis. The growth of the thermal and EC dendrites is driven by the deviation
from equilibrium, expressed by the dimensionless parameter, which for thermal dendrites
is supercooling of high temperature N metastabile phase in low temperature phase and for
EC dendrites it is the deviation of the threshold voltage. Following the dynamics of the
growth for both dendrites, we found that the trend characteristic for the thermal dendrites
follows power law and that for the EC dendrites is a nonlinear and could be defined by
two-dimensional solution of the diffusion equation, expressing the director orientation
diffusion. It was found that the thermal and EC dendrites are indication of one subcritical
behavior, which is the base of a bifurcation effect – splitting of the convective and
homogeneous state, observed as textural bistability.
A new liquid crystal complex-mixtures: 4,n-alkyloxybenzoic acids (n-OBA) and
4-hydroxy-pyridine (HOPY) are investigated using FT-Far IR spectroscopy and
polarisation optical microscopy. n-OBA operated as H-bonding donor and HOPY served
as H-bonding acceptor in this complex. A pronounced LC (characterized with fluid
chains) - gel (rigid chains) transition was observed. The transition from an achiral
(racemic) to chiral LC state, on the microscopic and macroscopic levels was studied. The
induced chirality in achiral LC was explained by symmetry lowering of the system due to
temperature or surface action variations. An aggregation mechanism of the complex
realization is suggested.
An optical method for measurement of the bandwidth of the reflection spectral
band (expressing the bandgap of the LC photonic crystal fibers) for chiral N LC,
infiltrated in photonic crystal fibers, allowing an effective electrical control of such
optical waveguides, is presented. An effective driving of the helix axis alignment at a
diversity of electric field magnitudes and frequencies was achieved.
We have presented the angular dependence of the surface anchoring energy of
the SC with a temperature independent tilt angle (8OBA) on two surfaces: SiOx/ITO/glass
and a holographic diffraction grating. This dependence was measured using a twist torque
cell method. The SC single local monocrystal rotation, starting at a critical bulk twist,
reveals surface anchoring breaking. A model for the bulk twist influence on the SC single
local monocrystals was suggested.
A smectic C LC texture consisting of well oriented distinct local single crystals
was grown using predefined orientation of single wall carbon nanotubes (SWCNTs)
adsorbed on a SiOx layer deposited on a ITO treated glass surface. The orientation
features of the SWCNTs were analyzed by microtexture analysis and polarized Raman
spectroscopy. It was found that the surface memory effect, induced by the
SWCNT/SiOx/ITO/glass surface and manifested in the preservation of the SC texture in
the nematic phase, was many times stronger than memorization promoted by
conventional SiOx/ITO/glass and ITO/glass surfaces, usually used for liquid crystals
orientations. We observe surface anchoring and memorization strength reinforcement due
to trapping of LC bulk charges by the SWCNTs (surface charge density increase). The
SWCNT/SiOx/ITO/glass surface is found to cause a substantial enlargement of the SC
distinct local single crystals as compared to SiOx/ITO/glass and ITO/glass surfaces. We
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also discuss the physical nature of the erasure activation energy components contributing
to the surface memorization process.
We investigated a series of nanocomposites, built of two self-assembling
materials – LC 7OBA containing hydrogen-bonded dimers and single-walled carbon
nanotubes (SWCNTs). The surface orientation strength and the bulk interaction of the
dimeric LC molecules with the SWCNTs turn out to mainly govern the type (symmetry),
thermal stability and chirality of the LC states induced in the nanocomposites. As a result,
a cascade of phase transitions and new phases not typical for pristine 7OBA were
obtained. We also found that some of these phases exhibited induced chirality, even
though pure 7OBA in its undoped state is typically achiral. A reentrant N below achiral
SC, as well as a reentrant chiral N below chiral SC* in a 7OBA/SWCNTs nanocomposite
was observed for the first time. We also observed for the first time in this composite a
smectic CG state, which is a chiral biaxial fluid smectic phase and is characterized by an
equal number of left- and right-handed helices. Our results demonstrate that the
appearance of this CG phase is due to the flexibility and the cyclic dimeric character of the
LC molecules, allowing the dimer ring and the entire molecule to adopt bending similar
to that of the bent-core molecules thus providing double-tilt angles and, correspondingly,
ferroelectricity in the bulk of the nanocomposite.
Our experimental base is specified for optical polarization microtextural analysis
and ensures an automatic (using computerization and corresponding video-technique)
measurement of the texture characteristics and material parameters of LC.
The aging dynamics of interfacial processes in the anchoring of liquid crystals
on polymer surfaces has been studied. A specific interface of the nematic liquid crystal 4n-pentyl-4’-cyanobiphenyl (5CB) and a polymer surface of poly(vinyl-4 fluorocinnamate)
(PVCN-F) was explored, obtaining a 10 fold reduction of the relaxation time of the easy
axis. Electrooptical studies were performed on suspensions of lipid vesicleswith the aim
of establishing whether the induced structural anisotropy of the vesicles under the effect
of external electric field can lead to optical anisotropy of the entire suspension. In a
suspension of giant vesicles with a radius of 10 µm (incident light is λ=0.5 µm) as in our
case, the possible very weak anisotropy of the shape or phase as a whole, is being
screened by the strong scattering.
Using laser polarization micro-Raman spectroscopy, organic material has been
studied, that was obtained through implantation of polymethylmethacrylate (PMMA) with
Si ions accelerated to 50 keV at 1014 to 1017 ions/cm2. The depolarization ratio has been
measured at different wavelengths of the exciting laser light, the size of the carbon
clusters produced in the ion implanted polymer has been estimated experimentally and
their special orientation has been determined. Using impedance measurements, the
photoelectrical response of donor-acceptor molecular systems (two-component molecular
complexes), including carbonyl groups has been studied. The photo-flexoelectrical
properties have been investigated of thin homeotropic layers of liquid crystal mixtures of
the type guest-host, where the host is a nematic liquid crystal.
2. Diffraction gratings, planar waveguides [62-112].
A new approach was demonstrated for dynamical recording of long diffraction
gratings, that can also be used as phase masks for preparation of large area diffraction
gratings. The recording of a diffraction grating with a period of 500 nm and length above
300 nm was experimentally demonstrated. The conditions have been studed for the
formation of a “self-organized” relief on a metal surface upon exposure by ultrafast laser
pulses by stimulated excitation of a surface4 plasmon-polariton (SPPs) by means of a
diffraction grating. The connection of femtosecond laser pulses with a surface
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electromagnetic wave has been systematically studied by varying the period of the grating
couple in broad limits (440 - 800 nm). A method has been developed for fabrication of
diffraction grating with an exact number of lines, on the wall of a cylinder, oriented along
its axis. The method was demonstrated for a grating with 215 lines. An external resonator
polarization transformator was developed, that converts effectively the polarization of a
laser beam from radial into axial. The element was prepared on the basis of a resonance
structure of hydrogenated amorphous silicon.
st

The record value of 99% absolute diffraction efficiency in the –1 order was
registered in a grating, consisting of a mirror, a dielectric layer and a corrugation at the
layer-air interface. The high efficiency is due to the excitation of a leaky mode of the
layer.
The Integrated Optics - team’s research activities went in the following
directions: 1. Development of the technology for production of planar optical waveguides
in LiNbO3 and LiTaO3 by proton exchange (PE) and methods for investigation of proton
exchanged layers; 2. Study of the manner in which the technological parameters influence
the phase formation, i.e. the parameters of the fabricated waveguides; 3. Development of
IO-devices based on the PE-technology.
The main contributions include: development and experimental examination of
new technologies for modification of thin layers in lithium niobate and lithium tantalate
by proton exchange; development of a method for measuring of electro-optical
coefficients; study of the photorefractive characteristics and loss mechanisms in protonexchanged waveguides in LiNbO3; improvement of the methods for investigation of the
phase composition of PE waveguides in lithium niobate and lithium tantalate by
combination of several spectroscopic techniques (mode, Raman, infrared (absorption
and reflection) spectroscopy, as well as XPS and RHEED); application of this combined
approach for characterization of the waveguide layers; study of the effect of crystal
stoichiometry on the parameters and vibration spectra of PE-waveguides in LiNbO3 and
LiTaO3; explanation of the mechanisms responsible for the refractive index change by
PE process and post-exchange annealing; analysis of phase composition and phase
transitions in PE LiNbO3 and LiTaO3; study of the aging of proton-exchanged optical
waveguides; study of mechanical stress in PE-layers in LiNbO3 and LiTaO3;
development of active integrated-optical devices based on proton-exchanged
waveguides.
A technology was developed for the production of planar and stripe waveguides
in LiNbO3 and LiTaO3 by proton exchange. For this purpose, two unique technological
setups were created, various technological modifications were implemented, and new
methods of waveguide layer characterization were proposed. A new proton source was
demonstrated which enables production of waveguides by simultaneous proton exchange
and out-diffusion offering a possibility for large and controllable refractive index
increase (∆ne=0.15) within a single-step process. A method of double proton exchange
with intermediate annealing was proposed, allowing deep waveguides with high value of
refractive index change (∆ne=0.14) in Y-cut crystals of LiNbO3 to be produced. A
technique was developed for the measurement of electro-optical coefficients in the
obtained PE waveguides and a method of waveguide Raman spectroscopy was proposed
for their characterization (determination of phase composition).
Attempts were made to put under control the phase status of the waveguide
layers by the use of new proton sources or modifications of the technological regimes.
They include a low-temperature PE process from vapors of appropriate new substances in
a non-hermetic camera with simplified construction, PE in melts of hydrogenated salts as
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well as quick and slow annealing for obtaining of metastable phases in H:LiTaO3 and
H:LiNbO3. The formation of long-life metastable phases in H:LiNbO3 and H:LiTaO3
waveguides in Z-cut wafers is demonstrated.
The combined analysis based on mode, IR absorption/reflection and Ra spectra
allows identification of phases, their in-depth distribution as well as the relative
contribution of each of them to the composition of the waveguide layer of multiphase
proton-exchanged waveguides in lithium niobate and lithium tantalite. The results so
obtained contribute to a strict control of the phase composition and therefore of the
optical and electro-optical characteristics of such waveguides. The stability of
waveguides over time has been followed by comparing their optical profiles and
histograms based on IR-spectra components immediately after waveguide obtaining and
after 11-years. This comparison shows that some redistribution of protons between phase
sublayers within the waveguide takes place during this period leading to instability of
waveguide parameters. The waveguides consisting of a single phased layer exhibit better
long-term stability of optical parameters.
A correlation between stress and the level of doping (respectively, between
stress and the phase composition of the measured layer) has been obtained. Protonexchanged waveguide layers in X, Y and Z-cut LiNbO3 and Z-cut LiTaO3 have been
produced at different technological conditions. These layers have been studied by
spectroscopic methods for analyzing their phase composition and by the optical integral
method for stress measurements. It has been established that There is a certain thickness
of the strongly protonated phase sublayer corresponding to a minimal stress for the entire
PE layer.
These results lead to the accumulation of new knowledge on material science
regarding the properties of modified waveguiding layers on substrates of ferroelectric
crystals.
High-quality waveguides were obtained and a fundamentally new type of
modulator – a single-stripe Mach-Zehnder modulator - has been proposed and patented.
The simplicity of the construction combined with the advantages of the proton exchange
technology lead to loss minimization and to relatively easier driving electrode
fabrication.
A review article was written on the spectroscopic methods, used for
investigation of proton-exchange waveguides. Another review was written on the
methods for dotation of Li Niobate with ions of rare earth elements. In a book chapter
have been described the applications of the transverse acousto-electrical effect and the
surface photocharge effect for quality control of a number of production parameters in a
wide range of technological branches, as well as the original development of methods and
sensors, based on these two effects.
Several almanacs of the Sofia University were published – of the faculties of
physics, mathematics, chemistry and medicine, as well as collections dedicated to
Bulgarian scientists or related to the history of science and education. A reference
bibliography was composed containing a quantitative study of publications of Bulgarian
authors in physics from 1889 to 1960; the division of publications into sections and
subsections was displayed in a table, each subsection being classified by authors. This
table and the comprehensive index of bibliography allow for authors and publications to
be easily found.
3. Micro and nano-photonics [113-208].
Physics of semiconductor lasers (dynamical and polarization behavior of
VCSELs.);We have developed a variational approach for a single transverse-mode
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VCSELs with a shallow etch relief, which is confirmed by a more fully vectorial
numerical method. Our investigations show that polarization orientation of emitted light
depends on the anisotropy of induced losses. A macroscopic analytical model of dielectric
susceptibility of semiconductor medium with quantum wells under anisotropic
mechanical stress is developed. It allows calculating of the differential optical gain,
enhancement of halfwidth of emitted spectral line and the density of electrical carriers at
the transparency point.
We have developed a technology for reducing the VCSEL thickness down to 20
microns, and their packing into a flexible carrier of 75 microns thickness, capable of
bending with a radius of 2 mm. The optical, electrical, mechanical and thermal properties
of the lasers have been characterized. This new packing approach has been demonstrated for
such applications as optical sensors and optical communications.

Nonlinear dynamics of semiconductor lasers induced by optical feedback and
optical injections; We studied theoretically and experimentally the stationary and
dynamical regimes in feedback system with very small external cavity length and in
optical injection system with orthogonal injection. We studied the change of the form of
the pulse packages generated in a scheme of short external cavity feedback when the
injection current is changed. We unveil the transition of this regime to the regime of lowfrequency fluctuations. We investigate stationary regimes in VCSELs with extremely
short external resonator and demonstrate that such system can be used for control and
stabilization of light polarization.
We carry out investigations of orthogonal optical injection in VCSELs.
Experimentally is shown that four-wave-mixing precedes polarization switching which
itself is either accompanied or not by injection locking. Cascade of period doubling
towards chaos is unveiled, where both polarization modes are excited. We study the
nonlinear polarization- and transverse-mode dynamics of vertical-cavity surface-emitting
lasers (VCSELs) induced by optical injection (OI) or current modulation. Due to the
surface emission and cylindrical symmetry, VCSELs lack strong polarization anisotropy
and may undergo polarization switching (PS). Furthermore, VCSELs may emit light in
multiple transverse modes. This provides new features to the rich nonlinear dynamics
induced in VCSELs by an external perturbation. We demonstrate for the case of
orthogonal OI that new Hopf bifurcation on a two-polarization-mode solution delimits the
injection locking (IL) region and that PS and IL of first-order transverse mode lead to a
new resonance tongue for large positive detunings. Similarly, the underlying polarizationmode competition leads to chaotic-like behaviour in case of gain switching and the
presence of two transverse modes additionally reduces the possibility of regular
dynamics.
Chaos synchronization; We have recently demonstrated experimentally and
theoretically the role of the polarization for chaos synchronization in VCSELs and the
exchange of the leader-leggard role. We observe synchronization of chaos in two
mutually coupled vertical-cavity surface-emitting lasers VCSELs with time delay. We
observe in-phase and antiphase synchronization of polarization-resolved chaotic temporal
wave forms under the condition of wavelength matching. We show that a 40-µm-diameter
vertical-cavity surface-emitting laser (VCSEL) is capable of supporting spatially
localized structures with linear polarization, orthogonal to the principal polarization. The
orthogonally polarized localized structure is shown to be bistable when the injection
current is varied. Numerical results based on a rate equation model support the
experimental findings.
Photonics crystal lasers; On the last topic we have shown in a number of works
done in collaboration with Politecnic University of Lodz, Poland that photonic crystal
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VCSELs can be properly modeled by a full vectorial three-dimensional model and we
have predicted improvements of their modal and polarization properties by appropriate
designs. Photonic band gap fibers are theoretically investigated using plane wave
approach, including optical anisotropy. This approach is of great interest for developing
mechanical sensors on the base of photonic band gap fibers. Polarisation behaviour of
photonic band gap fibers, including anisotropic liquid crystal, is theoretically
investigated. Admittance approach for calculating modal structure of 3-D photonic bandgap crystals is developed, including perfect antireflection layer at the boundaries.
Theoretical studies of the impact of the photonic crystal structure embedded in VCSEL
DBRs have been carried out.
The VCSELs in combination with liquid crystals have been studied
theoretically, for three configurations of the liquid crystal cell. We have predicted the
possibility for choosing the orientation of the linear polarization of the generated light by
varying the cell length; by electro-optical switching and control; by electrooptical tuning
of the light wavelength. The electrical properties of VCSELs with two resonators have
been investigated. The theoretical studies on the effect of the parameters of the optical
crystal structure on the operation mode of VCSELs with a photonic crystal have been
carried on. The spatial distribution of the light polarization upon focusing with a metaldielectric multilayer has been studied theoretically. It was shown, that linear and circular
polarizations are not preserved and a matrix form for the optical resolution was derived.
The influence of the optical feedback on the behavior of solitons in wide aperture
VCSELs was studied theoretically and the presence of bifurcation of light waves, leading
to spontaneous motion with constant velocity was demonstrated.
Photorefractive and other nonlinear effects in optical resonators; Polarization
and intensity all-optical bi- and tri-stability in interference structures that include both a
birefringent LiNbO3 layer of different crystallographic orientation and an absorbing layer
has been theoretically investigated. The origin of this bi- and multistability is the thermooptical nonlinearity present in the structures. Electrically induced bistable response,
electrical control of the bi- and tristable action and regenerative oscillations are
demonstrated using the electro-optical and the photorefractive properties of the LiNbO3
crystal. A mirror image of the multistable curve for specific angles of the obliquely
incident input beam is also observed. The temporal, polarization and power
characteristics of the transmitted light in the structures with different orientation and at
different focusing of the incident light are investigated. The unstable dynamical behaviour
is explained heuristically as the result of competing nonlinearities.
Optical multilayer structures; Different 2-, 3- and 4-layer wideband
antireflection coatings for the visible and near infrared spectral regions on the glass
substrates have been constructed and fabricated. The refractive indices and dispersions for
each material at different technological conditions have been investigated. Two side
reflectance of 0.3% and less in a relatively wide spectral range have been obtained.
Narrow-band interference filters in the visible region with ∆λ0.5<2 nm were also designed
and produced. Initial experiments have been performed for the laser mirrors preparation
for the UV spectral region. Using properly determined optical parameters of single layers
of MgF2 and LaF3, we design, manufacture and characterize a high-reflecting mirror with
Rmax=90% at λ0=230 nm, ∆λ0.5=25 nm and R<10% in the whole visible region were
produced. Using four such mirrors a narrow band-pass tunable (205-225nm) UV filter
(15 nm FWHM) is proposed, that suppress all visible wavelengths by 35 dB.
In the frame of a contract with OPTIX AD, multilayer interference structures
such as laser mirrors, band-pass filters, beam splitters, AR-coatings, etc. were designed
and optimized. For example complex back and front mirrors for eye-safe laser generation
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at 1538 nm wavelength are designed and produced. The back mirror has high
transmission at wavelength of 1067 nm and high reflection at 1351 and 1538 nm
wavelengths. The front mirror has high transmission at 1067 nm, high reflection at 1351
nm and partial reflection at 1538 nm. These coatings were manufactured in the firm and
conforms the specifications.
4. Fiber optics [209-215].
The work of the group was directed mainly to the development and investigation of
“in-line” fiber optic components based on distributed coupling between side-polished (Dshaped) single-mode optical fiber and a planar waveguide situated on the polished flat of the
fibers. The evanescent coupling between the fiber and the planar waveguide produces
channel-dropping filters in the fiber’s spectral transmittance due to the mode resonances
giving a basis for creation of attractive sensor elements. For the preparation of practical
devices with high reproducibility of their characteristics several different vacuum techniques
for continuous physical deposition of optically transparent materials were applied in an order
to produce planar waveguides. Successful deposition of different thin films with high
adhesion to the fiber surface and long time stability was demonstrated: thin films of
hydrogenerated amorphous silicon (a-Si:H) deposited by plasma enhanced chemical
decomposition of silane, pulse laser deposition of various metal-oxide (ZnO, SnO2, In2O3,
WO3) thin films (IE-BAS), magnetron sputtering of Ta2O5 thin films, atomic layer
deposition of ZnO and ZnO:Al thin films (IPHT-Jena, Germany).
In the process of the deposition of a-Si:H films and pulse laser deposition of metaloxide films an optical scheme for “in-situ” control of the “optical” thickness of the films was
applied. The optical scheme included a complete polarization control of the transmitting
light and utilizing of polarization maintaining fibers with oriented axes to the surface
(demonstrated with a-Si:H films), or a simplified version using “in-line” fiber depolarizer
and standard isotropic fibers (metal oxide films). The application of such measurement
technique permitted the spectral position of the mode resonances to be controlled in the
frame of several nanometers.
The application of these fiber components as refractometric sensor was
investigated. It was shown that using the interaction with TE1/TM1 planar waveguide modes
the sensitivity to the refractive index of the surrounding media is in an order of 200-800
nm/RIU (Refractive Index Units) in the spectral range 700 nm – 1000 nm , and 12001700nm/RIU in the range 1200 nm – 1600 nm. The deposition of metal oxide films with
their refractive indices in the frame of 1.8–2.2 permits the lowest modes (TE0/TM0) of the
planar waveguide to be used. With these planar modes the waveguide structure demonstrated
very high sensitivity – 3000-7000 nm/RIU for the low values of refractive indices 1.33-1.40
(which correspond to biomedical solutions). A real biomedical sensing of DNA molecules
labeled with Au nanoparticles was carried out using Ta2O5 thin film waveguides and CCDline equipped spectrometer.
5. Structural and mechanical properties of hydrogenated amorphous silicon [216236]; ion implantation [237-244].
Due to the hydrogen passivation of dangling bonds, hydrogenated amorphous
silicon (a-Si:H) has a sufficiently low amount of defects to be used within devices, such
as inexpensive solar cells, thin film transistors, image scanners, photoreceptors in electrophotography, optical recording media, and gas sensors. Recently, a-Si:H-based MicroElectro-Mechanical Systems (MEMS) have been fabricated, demonstrating potential use
in this field of technology. Moreover, a-Si:H can be prepared at low temperatures,
rendering it attractive for integration with biomaterials and biomedical applications.
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Hence, the role of hydrogen for improving and control of the electrical, optical and
mechanical properties of a-Si:H films is widely studied.
We have tudied the effect of hydrogen on the properties of a-Si:H. Various
methods were used, such as electro-optical measurements, optical transmission and
Raman spectroscopy, nano-indentation techniques. Nuclear reaction analysis was
employed to determine the total amount of hydrogen and its depth distribution. The
deposition of a-Si:H films was carried out in a planar RF reactor (13.56 MHz) at a
substrate temperature in the range 20-270oC, an applied power density up to 130
mW/cm2, a gas pressure of 1 Torr and using 10% silane diluted in hydrogen.
A comparative study of the effect of H+ and Si+ ion implantation on a-Si:H was
carried out, in order to explore the interaction of hydrogen with the structural defects and
to separate their contribution to the intrinsic compressive stress in the films. Raman
scattering spectroscopy and infrared spectroscopy were used to study the variations of the
short-range order of the silicon network and of the hydrogen bonding configuration,
respectively. It was suggested that the essential difference in the structural damage
introduced by H+ and Si+ ion implantation could be related with the insertion of molecular
hydrogen.
A study of the structural development of a-Si:H film during deposition was
carried out with focus on the variations in the hydrogen bonding configuration and in the
amorphous silicon network with increasing film thickness. In addition, the hypothesis of a
high fraction of non-bonded (molecular) hydrogen in a-Si :H was tested. It was shown
that the presumable molecular hydrogen was not detectable within the limits of the
measurement accuracy of the methods used. The hydrogen concentration was uniformly
distributed along the growth direction, and the infrared absorption modes at 2000 and
2100 cm−1 were not affected by increasing the film thickness. The increase in the film
thickness led to an improved ordering of the amorphous network on the short and medium
range scale for films deposited at low substrate temperatures. In films deposited at high
substrate temperatures, the tendency of structural improvement was detected only on the
medium range scale.
Hydrogen solubility in a-Si:H was studied. Post-hydrogenation experiments
were carried out using hydrogen plasma and H+ ion implantation. Thermal annealing and
Si+ ion implantation were used to change the defect density in the amorphous silicon
network. It was shown that the hydrogen solubility in a-Si:H was strongly related to the
density of the hydrogen trapping sites in the silicon network and the value of the
solubility limit was determined by the material structure and consequently by the a-Si:H
preparation conditions. The ratio between the hydrogen concentration and its solubility
limit was discussed in the context of the light-induced degradation of a-Si:H.
The presence of molecular hydrogen in a-Si:H was also studied in films with
high compressive stress and a hydrogen concentration as high as the hydrogen solubility
limit. The concentrations of total hydrogen and bonded hydrogen were determined by
nuclear reaction analysis and infrared transmission spectroscopy, respectively. The
amount of molecular hydrogen was estimated as a difference between these two
concentrations. Si+ ion implantation was used to transform the hydrogen molecules into
silicon-bonded hydrogen. It was concluded that in spite of high hydrogen content in the
material the concentration of molecular hydrogen in the studied films is below 1 at.% and
is not the reason for the high internal stress.
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The role of hydrogen in a-Si:H from the viewpoint of its specific contribution to
mechanical stress in the material was studied by using H+ ion implantation. In order to
distinguish the effect of the changed hydrogen concentration/bonding configuration from
the accompanying implantation-induced defects, a-Si:H films with corresponding number
of displacements served as reference, created using proper doses of Si+ ion implantation.
The experimental results showed that it was the silicon-bonded hydrogen that essentially
affects the stress, as the major contribution was from its clustered bonding configuration.
Si+ and H+ ion implantations were also used to affect the absorption of the
infrared stretching modes in a-Si:H. It was established that the values of the absorption
strengths of stretching modes of the isolated monohydrides and clustered hydrogen form
are not equal and remain constant for all ion implantation doses. The ion implantation did
not induce any change in the ratio between polyhydrides and clustered monohydrides
which suggested that the absorption strengths did not vary when a post-deposition
treatment of samples was associated with the introduction of structural defects in the
amorphous silicon network.
The mechanical properties of thin a-Si:H films with a hydrogen concentration of
15 at% were studied using nanoindentation testing. It was established that the elastic
modulus of thin a-Si:H films was in the range 117–131 GPa, which was lower than for
crystalline silicon. In contrast, the values of hardness were in the range 12.3–12.7 GPa,
which was comparable to crystalline silicon and higher than for hydrogen-free amorphous
silicon (a-Si). Therefore, a comparative study of hardness of thin films of a-Si:H and a-Si
was carried out to reveal the role of hydrogen in the plastic properties of amorphous
silicon. The obtained results showed that the presence of hydrogen in the amorphous
silicon network led to the increase in hardness. The conducted experiments demonstrated
that plasma hydrogenation could be used as an effective tool to increase the hardness of
amorphous silicon. Hardness of a-Si:H as high as of crystalline silicon suggests that aSi:H can be substitute for crystalline silicon in MEMS.
The sensitivity of pile-up during the nanoindentation to the mechanical stress
in a-Si:H films was studied. Ion implantation was used as a tool to change the
compressive stress in the films, which made possible to distinguish the contribution of
mechanical stress to pile-up. It was established that for a-Si:H the impact of the residual
compressive stress on the pile-up was essential for strongly stressed films and was
additive to the pile-up related to the plasticity.
The susceptibility of mechanical properties of a-Si:H to the implantationenhanced disorder was studied with the aim to extend the application field of this material
in the technology of MEMS]. Effect of keV ion irradiation on the elastic modulus, of
hardness, and of root-mean-squared (RMS) roughness to silicon ion implantation was
determined. The implantation of Si+ ions led to a decrease in elastic modulus and
hardness, evaluated for a series of the implantation fluences in the range of 1.0x1013 cm-2
- 5.0x1016 cm-2. Surface smoothing was observed at high fluences and low ion energy of
18 keV, suggesting that ion beam might be used as a tool to reduce the RMS roughness of
the a-Si:H surface to about 0.4 nm, while keeping intact the mechanical properties inside
the film. The conducted experiments showed that it is possible to prepare a-Si:H films
with hardness and smoothness comparable to crystalline silicon.
We studied the observed effect of luminescence amplification (up to 5 fold) in
certain polymeric materials upon ion implantation with silicon. The ion-beam induced
structural modifications of the studied polymeric materials, that have induced the
observed photo-luminescent effects, have been further studied using various optical and
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structural methods such as IR and Raman spectroscopy, as well as the method of diffuse
optical scattering.
We have investigated the optical contrast formation in amorphous silicon
carbide layers using focused ion beams, as well as the possibilities for applications in
nano-dimensional optical recording of information and the formation of sub-micron
lithographic masks. We found an effect of optical contrast formation in the studied
materials under bombardment by a high-energy (~1 MeV) beams of protons and alphaparticles. The obtained micro- and nano-dimensional optical images, using the two types
of focused ion beams, were studied by means of various near-field methods: atomic-force
microscopy (AFM), scanning near-field optical microscopy (SNOM), as well as X-ray
photo-electron spectroscopy (XPS).
6. Theoretical studies on the vibrational level structure and intramolecular
relaxation processes in isolated polyatomic molecules [245-263]; mathematical
foundations of quantum mechanics [264-267].
We have studied the effect of the rotational structure on the vibrational
relaxation and electronic radiationless desactivation in molecules. Calculations have been
performed on the characteristics of phosphorescence from the first excited triplet state of
the thiophosgene molecule. Our variational method has been elaborated, designed for
exploring the vibrational structure and IVR of a polyatomic molecule at very high levels
of vibrational excitation, using the exact expression for the molecular kinetic energy.
Theoretical investigations have been carried out on the vibrational structure and IVR
characteristics of the formaldehyde molecule, up to very high vibrational excitation
energies (~17000 cm-1).
We have also studied and compared to each other the vibrational level structure
and intramolecular vibrational redistribution characteristics in highly vibrationally excited
ground electronic state formaldehyde isotopomers H2CO, D2CO and HDCO. The
calculated frequencies have been compared to experimentally measured data and new
assignments of the vibrational levels have been determined.
Large scale vibrational variational calculations at higher vibrational excitation
energies and on other larger molecules are underway.
Nanophotonics is a promising area with potential to revolutionize the
telecommunications industry and optical processing. Nanotechnology was able to offer
many new devices and new materials with a fast range of applications, including
metamaterials as components of a nanophotonic system.
Our report at the MediterianNano-3 Conference (Beograd, 2010) contained a
study of the behavior of light on the nanometer scale (main subject of Nanophotonics) by
the methods of Quantum Mechanics. The lack of shortwave coherent radiation sources
reduces the applicability of free electron lasers. Various schemes of X-ray FELs have
been considered. Understanding the undulator effects is of critical importance for the
design of x-ray FEL, but up to now a quantum mechanical treatment of the electron
motion in the undulator was missing.
Our approach for solving the problem of charged particles moving in an FELundulator is based fully on QM, namely using linear integrals of motion for a quantum
particle with quadratic Hamiltonians to find the exact solutions of such equations and to
find expressions for all three second order central statistical moments.
We have also studied the evolution of the Schrödinger uncertainty relation in
quantum mechanics, discussed the importane of the two basic uncertainty relations in
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quantum mechanics, the dynamical invariants and Robertson-Schrödinger correlated
states of electromagnetic field in nonstationary linear media as well as the qantum
fluctuations of electrons in free-electron laser undulator working at nanowavelength.
7. Interdisciplinary studies on archaeology and physics [268-271].
Interdisciplinary research on megalithic and quasi-megalithic objects in Bulgaria
was carried out. All these studies have followed one of the general research directions in
BAS, namely "Cultural heritage and national identity." This activity is also part of the
mission of the ISSP, as far as proposing new approaches in interdisciplinary contact areas
between physics and archeology, as well as transfering results to the cultural development
of Bulgaria. A systematic search was conducted, strict localization and archaeoastronomical interpretation of these monuments. Objectives include: a) cataloguing and
monitoring; b) analysis of the global picture of the Balkan megalithic region in
comparison to Western European and Caucasian areas; c) monitoring of structural
development from the viewpoint of building static; d) establishing a relationship with
rock sanctuaries; e) selection of suitable sites for possible dating by photo-luminescence
in future; f) establishing suitable sites for laser scanning for extracting and storing of
complete and detailed three-dimensional information about them.
Plans for future work
Work will be continued on surface and volume studies of nanocomposite
smectic C liquid crystal – carbon nanotubes of the SWCNTs type. Besides orientation
using SWCNTs on SiOx и ITO coatings, the electrooptical properties of mixtures of
smectic C liquid crystal and SWCNTs will also be studied. The optimal concentration of
the mixtures, leading to the most effective electrooptical processes will be looked for.
Due to the strong increase of the dielectric anisotropy and decrease in ion conducticity of
these nanocomposites, a significant reduction of the elecrooptical relaxation times is
expected to occur.
Work will be continued in all other fields of traditional activity in the
Laboratory, summarized in the above text.
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I.

Liqud Crystal Approach in Soft and Living
Matter Physics

1) Development of the Knowledge of Bioflexoelectricity
Starting from 1975 the knowledge of bioflexoelectricity has been steadily developed
by us. Earlier results have been reported in the 30th Anniversary Jubilee Collection of
ISSP (2002) Theory and experiment of lyotropic and biomembrane flexoelectricity is
further revisited and reviewed. It is made clear that bioflexoelectricity provides a
reciprocal relationship between electricity and mechanics in soft lyotropic and living
systems, e.g., between curvature and polarization in a biomembrane. New experimental
evidence of model and biomembrane flexoelectricity (including direct and converse
flexoelectric effect) is reported by us. Biological implications of flexoelectricity are
underlined. New groups from US (the teams of F.Sachs in Buffalo, NY and B.Brownell
in Houston, TX) joined recently this exciting field of studies with new experimental
techniques and theoretical models of some processes, in cooperation with us.
Bioflexoelectricity enables membrane structures to function like soft micro- and nanomachines, sensors and actuators, thus providing important input to nanoionics
applications. Nanobio-examples include membrane transport, membrane contact,
mechanosensitivity, electromotility, hearing, etc. [1.1 to 1.9]. It was discovered that
chirality of lipids makes fluid lamellar phases piezoelectric (Figure 1) [1.6].
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Figure 1. Temperature dependences of the piezoelectric signals measured at 80 Hz
mechanical excitations in heating for the left L-DPPC/EG, right D-DPPC/EG/ and 50/50
wt.% racemic mixtures. The amplitude of the signal [1.6].

2) Mechanical properties of lipid membranes
ELASTICITY OF LIPID MEMBRANES – THEORETICAL STUDIES
Most of the existing theories of the electric fields and forces around a channel in a planar
membrane oversimplify the electric field distribution by placing the electrode directly at
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the entry of the channel. However, in any relevant experimental setup the electrodes are
placed far away in the electrolyte solution. It was demonstrated that long range
deformation of the electric field distribution appears around the membrane, spanning on
distances of the order of the distance between the membrane and the electrode. The
forces, acting due to this distribution, are important for channels with radii of the order of
the thickness of the layer of structured water at the interface oil-water [2.1].
A theory, permitting to calculate the free energy of flat lipid monolayer containing
charged lipids in contact with an electrolyte has been developed. To describe the
electrical double layer the Guy-Chapmann approach was used. It was demonstrated that
the classical results of Vervey-Overbeck for the free energy of a double layer due to
adsorption of ions from the electrolyte in contact with the monolayer are not applicable to
this system [2.2].
A theoretical study of the dependence of the mechanical properties of lipid bilayer,
containing ionic lipids on their concentration in the membrane was performed. For this
purpose the value of the electrolyte dissociation of the charges lipid and the free energy of
the system due to electrostatic interactions were determined. It was shown that at certain
conditions the electrostatic interactions lead to phase separation in the flat membrane [2.2,
2.3].
The contribution of the electrostatic interactions of a charged membrane built up of
amphiphilic molecules to its bending elasticity moduli was determined. The free energy
of the electric double layers on the two interfaces of the membrane was calculated, taking
into account the dependence of the surface charge densities on its bending deformation.
Explicit expressions for the corrections of the bending elasticity moduli due to the
electrostatic interactions were obtained [2.3]. Conditions sufficient to assure the
constancy of the surface charge of the membrane were deduced. A critical review of the
existing in the literature experimental data concerning the influence of the electrostatic
interactions on the mechanical properties of amphiphilic monolayers and bilayers was
made.
The static and dynamic behaviour of a bilayer, containing an additive was examined
theoretically. It was proved that the amplitudes of the thermal shape fluctuations of a
quasi spherical lipid vesicle depend on the value of the bending elasticity of the vesicle
membrane at free exchange of molecules between its constituent monolayers. The
dependence was calculated of this bending elasticity as a function of the concentration of
the additive in the low concentration domain. In the same domain, the autocorrelation
function of each vesicle fluctuation mode was found to be dependent on the twodimensional diffusion coefficient of the bilayer additive [2.4-2.6].
The dependence of the mechanical properties (bending elasticity at free flip-flop
and stretching elasticity) of lipid bilayer, containing a soluble in the water phase
inclusion, on the concentration of the inclusion in the membrane was theoretically
determined.
Expressions were obtained for the shape fluctuations of a quasi-spherical lipid
vesicle in the case when its membrane contains an additive, which is soluble in the liquid
phase, bathing the membrane [2.5].
The shape fluctuations of nearly spherical lipid vesicles are accompanied by a
lateral displacement of the monolayers, comprising their bilayers. A theory for the
influence of these displacements on the fluctuations was developed. As a result, the time
correlation functions of each of the fluctuation modes of the vesicle were calculated. The
correlations of the shape fluctuations of nearly spherical emulsion droplets were also
calculated for different viscosities of the liquid inside and outside the droplet [2.6].
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WATER PERMEABILITY AND MORPHOLOGY OF LIPID BILAYERS
The passive water permeability of a lipid bilayer, due to the hydrostatic pressure
difference, created by sucking a giant vesicle in a micropipette at given sucking pressure
has been studied. The length of the membrane, sucked into the micropipette, was
measured as a function of time. According to the theory developed by us, the initial
changes are due to the membranes defects smoothing leading to an increase of the
membrane area, while the changes that follow up are due mainly to the loss of water
volume because of the membrane permeability. The analysis of the experimental data
permits to determine the water permeability and the hidden membrane area [2.7].
The water permeability of lipid membranes in presence of different concentrations
of the natural peptide alamethicin at different pressure differences was investigated. A
fifteen-fold increase of water permeability was observed at 7 mM alamethicin [2.8].
A study of the morphological transformations of giant vesicles, prepared by
spontaneous swelling or electro formation methods from different lipids (stearoyl oleoyl
phosphatidylcholine,
diphytanoyl
phosphatidylcholine,
palmitoyl
oleoyl
phosphatidylcholine) in water solution of alamethicine and in the presence of the
photoactive substance (potassium ferricyanide) outside the vesicles, was performed
experimentally. The initial results showed regularity of the changes of the form of the
liposomes at fixed experimental conditions [2.8].
Experimental study of the behaviour of the shape of vesicles with long tubular
protrusions (tethers), connected to them in non-symmetrical isoosmolar and nonisoosmolar environment was performed. It was shown that if a solution with different
osmolarity is added to the outer side of the vesicle with tether, it changes its shape to a
vesicle with chain composed of small spherical vesicles called beads. This shape
transformation was obtained to be reversible in time. After around 40 minutes the object
of interest acquired its initial form [2.9].
ELASTICITY OF MODEL AND NATIVE LIPID MEMBRANES IN THE
PRESENCE OF BIOLOGICALLY RELEVANT MOLECULES –
EXPERIMENTAL STUDIES
The alteration of the bending elasticity of synthetic phospholipid membranes containing
increasing molar concentrations of the natural amphiphilic peptide alamethicin was
experimentally investigated by analysis of the thermal shape fluctuations of
quasispherical giant vesicles. Our experimental results proved the strong influence of
alamethicin molecules on the bending elasticity of the studied two types of membranes
even in the range of very low peptide concentrations (less than 10-3 mol/mol in the
membrane). The results testified to the peripheral orientation of alamethicin molecules at
low peptide concentrations in the membrane for both types of lipid bilayers. The upper
limit of the peptide concentration in the membrane was determined. Below it the system
behaves as an ideal two-dimensional solution and the peptide molecules have a planar
orientation in the membrane [2.10].
Analysis of thermal shape fluctuations of vesicles was used to measure the bending
elasticity modulus of phospholipid membranes in the presence of beta 2 glycoprotein I
(в2-GPI) in the aqueous solution which surrounds the vesicle membrane. The bending
elasticity modulus of protein-containing membranes was obtained for different mass
concentrations of в2-GPI for pure neutral stearoyl-oleoyl phosphatidylcholine (SOPC)
membranes and for mixed SOPC: cardiolipin negatively charged membranes. The
experimental results for the bending modulus of the lipid membranes did not show any
dependence of its value on the concentration of в2-GPI in the range from 5.5 to 55 мg/ml.
The obtained results are in good agreement with the predictions, based on different
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experiments, explaining the mechanism of binding of в2-GPI to neutral membranes
[2.11].
Two independent experimental methods were used for the measurement of the
bending rigidity of phosphocholine membranes in the presence of increasing sucrose
concentrations in the aqueous phase. Micromanipulation of giant lipid vesicles was used
in order to study the membrane bending elasticity in the concentration range of (0.11–
0.30) mol/l of sucrose. For sucrose concentrations 0 mol/l and 0.05 mol/l the thermal
fluctuation analysis of quasispherical vesicles was applied. Both methods revealed the
strong reduction of the bending elastic modulus, when sucrose is present in the water
surrounding the membrane. For pure water and aqueous solution containing ~0.2 mol/l of
sucrose, the stretching elasticity of phospholipid monolayers at the oil-water interface was
determined by means of micromanipulation of emulsion droplets. The almost two-fold
reduction of the stretching elasticity modulus of lipid monolayers in the presence of
disaccharide dissolved in the aqueous phase proved the strong alteration of the monolayer
mechanics. Our experimental results revealed the strong influence of sugar molecules on
the elasticity of lipid mono- and bilayers [2.12, 2.13].
The effect of some monosaccharides (fructose and glucose) and disaccharides
(trehalose and maltose) was further studied by thermal shape fluctuations of giant quasispherical vesicles. The experimental results showed that most of the studied
carbohydrates except from maltose reduced the bending elasticity kc of lipid membranes.
The strength of the effect depends on the type of the sugar and its concentration. This
influence on the elastic properties has to be taken into account when such substances are
used to increase the optical contrast or to preserve the volume of lipid vesicles during
different experiments [2.14-2.16].
The bending elasticity modulus of quasispherical erythrocyte ghosts was studied
experimentally by analysis of their thermal shape fluctuations. The obtained results
showed that the bending modulus of their membranes is of the order of several times the
Boltzmann factor kBT and belongs to the lower part of the existing interval of
experimental values for the bending elasticity of red blood cell membranes reported in the
literature [2.18].
The effect of pH on the bending elasticity of pure phosphatidylcholine membranes
as well as on the membrane bending rigidity of two-component charged bilayers was
studied experimentally. The mechanical properties of synthetic phospholipid bilayers
containing increasing molar fractions (up to 0.15) of charged lipid (synthetic
phosphatidylserine) were studied in aqueous solutions with controlled ionic strength and
at pH 5, which is slightly lower than the physiological values of pH [2.19, 2.20].
A significant influence of the bactericidal agent imidazole on the mechanical
properties of lipid membranes was proven experimentally. The addition of milimolar
concentration of imidazole in the aqueous solution led to considerable (of about 40%)
increase in the bending elasticity modulus of lipid membranes.
The bending elasticity modulus of the lipid membrane containing tethers was
measured using the method of thermal fluctuations of quasispherical vesicles.
INSTRUMENTAL AND METHODOLOGICAL CONTRIBUTIONS
A new algorithm and software for the determination of the contour of a fluctuating vesicle
observed under phase contrast microscope was developed. A computer program
performing the analysis of the time correlation of the shape of quasispherical lipid vesicle
was created. Preliminary data for the value of the friction coefficient between the
monolayers, comprising the lipid bilayer were obtained using the new software.
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An entire module for stroboscopic illumination is constructed and implemented into
the experimental set-up for studying the lipid membrane mechanical properties of
quasispherical vesicles by means of thermal shape fluctuation method (figure 2). With
stroboscopic illumination, the blur effect due to the finite integration time of the camera
has been removed and an instant picture of the fluctuating lipid vesicle can be obtained. A
homemade set-up for the frame of the stroboscopic illumination was realized in such a
way that the vibrations produced by electro-mechanics of the illumination parts are
damped and not coupled to the microscope and the experimental cell. The stroboscopic
illumination, based on Xenon flash lamp with a built-in reflective provides high-intensity
spectrum and ensures sufficient integral illumination of the studied object [2.21, 2.22].

Figure 2. Experimental set-up for the study of the elastic properties of lipid membranes,
using thermally induced shape fluctuation method [2.21, 2.22].
The experimental data obtained by the application of stroboscopic illumination of
the observed and recorded vesicles can be completely interpreted using only two model
parameters: the bending elasticity modulus and the dimensionless membrane tension The
capture of the instant pictures of the fluctuating vesicle enables the evaluation of two
more mechanical constants: the friction coefficient between the monolayers comprising
the bilayer and the bending elasticity modulus at blocked exchange of lipid molecules
between the monolayers [2.21, 2.22].
Two different methods for formation of giant unilamellar vesicle in physiologically
relevant solutions were developed [2.23]. The electroformation method was altered and
adjusted for formation of liposomes in salty conditions. A new and simple method for
formation of giant unilamellar vesicles in high ionic strength solutions, such as phosphate
buffered saline, was developed, based on mechanical agitation of the lipid layer [2.24].
The mechanoformation method is an alternative method to the electroformation. The
advantage of the mechanoformation procedure is that there are no limitations concerning
the ionic strength of the aqueous solutions, because there is no applied electric potential,
thus no current flow through the formation cell and no electrolysis is induced.
Simple experimental procedure was developed for the formation of vesicular
suspensions in asymmetrical conditions on which the aqueous solution (internal phase),
enclosed by the vesicle membrane, differs from the suspending medium (external phase).
Using this specially developed experimental procedure, suspensions of fluctuating quasispherical giant lipid vesicles were formed in the way the refractive index of the aqueous
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solution, which is inner for the vesicle membrane, to be different than that of the
suspending solution. By digital holographic recording of fluctuating vesicles obtained in
various aqueous solutions, the limitations and the applicability of the digital holographic
microscopy were explored.
The influence of indium-tin oxide (ITO) coatings and polymer polydimethyl
siloxane (PDMS) spacers on the electrical resistivity of the liquid medium of
electroformed vesicle suspensions was examined by electrochemical impedance
spectroscopy. The possible implications of the electroformation method, the used cells
and materials, especially when phenomena related to electrical properties of the vesicle
membranes are investigated, were pointed out and discussed [2.25-2.27].
DYNAMICS OF THE THERMAL FLUCTUATIONS OF LIPID BILAYERS
The dynamics of the thermal shape fluctuations of quasi-spherical lipid vesicles was
studied. Vesicles were obtained from various synthetic lipids using the electroformation
or the gentle hydration method in order to compare the membrane mechanical properties
of vesicles with identical lipid composition but obtained with different methods.
Experimental data (long image sequences of fluctuating giant unilamellar vesicles with
diameters higher than 20 µm) was accumulated [2.29].
The opportunities offered by the study of the dynamics of the membrane
fluctuations as an experimental method for the investigation of material properties of lipid
membrane were reviewed and discussed. An example was developed in order to illustrate
in details how by means of analysis of thermally induced shape fluctuations of
quasishperical lipid vesicle important material constants of the lipid bilayer (bending
elastic modules of free and blocked exchange of molecules between the monolayers,
comprising the lipid bilayer and friction coefficient between these monolayers) can be
obtained [2.30].

DYNAMICS OF VESICLES AND RED BLOOD CELLS IN FLOW AND
RHEOLOGY OF VESICULAR AND ERYTHROCYTE SUSPENSIONS
Blood is known as an example of complex fluid consisted of highly deformable particles
(red blood cells, RBC, or erythrocytes) suspended in a Newtonian fluid (blood plasma).
As a rough physical model of erythrocytes, giant unilamellar vesicles (GUV) were
successfully used to probe their membrane properties.
The "tumbling" motion of flaccid vesicles containing highly viscous fluid in lowviscous medium was studied. The experiment revealed the strong effect of deformability
on the "tumbling" motion in the viscous field: the vesicle shape changes significantly
during the tumbling influencing the relation between the angle of rotation and the
rotational velocity [2.31, 2.32].
The flow of dilute suspensions of deflated giant vesicle through a glass capillary
with diameter comparable to the vesicle size was studied experimentally. The vesicle
deformations were observed and recorded during their passage through the capillary. The
deformations increased with the flow velocity, as well as with the increase of the vesicle
diameter or with the deflation of the flowing vesicle. The dependence of the vesicle
mobility (the ratio of the vesicle velocity to the fluid velocity in the capillary) on the
vesicle size was determined experimentally [2.33, 2.34].
The dynamics of lipid vesicles enclosing a viscous polymer solution was studied in
a simple shear flow near a wall. The ratio between the internal fluid viscosity and the one
of the outer aqueous solution was chosen to be above the tank-treading-to-tumbling
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transition for all analyzed vesicles. A clear influence of the presence of the wall on the
tumbling motion of vesicles was detected. In the entire range of applied shear rates, pure
tumbling was not observed due to the high density difference between the internal fluid
and the suspending medium, keeping vesicles close to the wall. The strong deformability
of their membranes, coupled to the high viscosity ratios, lead to a periodic modulation of
the vesicle shape, with a periodicity correlated to the shear rate of the hydrodynamic flow
and amplitudes depending on the vesicle's deflation. This shape modulation was coupled
to a rolling motion of the vesicles [2.32, 2.35].
The rheology of suspensions of deformable particles, lipid vesicles and red blood
cells (RBC), was investigated in order to reveal the relation between the rheological
properties (viscosity, viscoelasticity) of the suspension and the microscopic dynamics of
the suspended particles [2.30, 2.36].
The viscosity of dilute RBC suspensions revealed a previously unknown signature:
it exhibited a pronounced minimum when the viscosity of the ambient medium was close
to the value at which the transition from tank-treading to tumbling occurs. This
bifurcation was triggered by varying the viscosity of the ambient fluid. It was found that
the intrinsic viscosity of the suspension varies by about a factor of 4 in the explored
parameter range. Surprisingly, this significant change of the intrinsic viscosity was
revealed even at low hematocrit (5%). It was suggested that this finding might be used to
detect blood flow disorders linked to pathologies that affect RBC shape and mechanical
properties. Investigations were also performed on giant vesicle suspensions, and
compared to RBCs. These findings opened future perspectives on setting up new
diagnostic tools, with great efficiency even at very low hematocrit.
The viscoelasticity of concentrated erythrocyte suspensions was studied in
oscillatory shear flows, which is relevant to the real physiological conditions.

3) Ion Channels in Biological and Model Membranes
The effects of the heavy metals ions Cd2+ and Hg2+ on channels formed by
gramicidin D in lipid bilayers have been investigated. Cadmium and mercury increase the
open probability of gramicidin D channels. The conductance of these peptide channels is
influenced by the heavy metals in a non-monotonic concentration-dependent manner
[3.1]. The effect of Cd2+ and Hg2+ ions on channels formed by alamethicin in lipid
bilayers has been investigated [3.2 to 3.4]. It was found that cadmium increases the
membrane stability against electroporation (electroformation of nanosized conducting
pores) and reduces the open probability of alamethicin channels. Mercury increases the
opening probability of alamethicin ion channels, but cadmium reduces it. It was found
that the membrane stability is influenced by (Hg2+) in a non-monotonic concentration–
depended manner. Also photoizomerization effects of an azobenzene derivative on
bilayer lipid membranes and living cell are investigating [3.5].
Disposable bilayer lipid membrane sensors permit both stochastic and deterministic
sensing regimes. Detection of cyano-bacterial toxins in waters by means of a stochastic
sensing (ion channel induction) reveals a signature for a particular toxin type [3.6].

4) Magnetic nanoparticles for bioapplications
Superparamagnetic fero/feri oxide nanoparticles covered by β-cyclodextrine were
synthesised and investigated by ultramicroscopy in dark field regime. By ultrafiltration of
the suspesion through a nanopore filter their size was confirmed. Magnetic nature of
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particles was confirmed by observing a striking process of aggregation in magnetic field
[4.1]. The route for obtaining of hydrophobic superparamagnetic particles contrast and
tracing agents for magnetic resonance imaging (MRI) has been examined. A new contrast
agent for liver MRI was propose. The effect and the degree of change in the rabbit liver
MRI signal by using the experimental contrast substance was studied. The contrast agent
prepared by us substantially reduces the MR intensity of liver parenchyma during T 2
magnetic resonance imaging. The shortening of T2 relaxation time is about 50% with the
80 nm size of the nanoparticles used. Our initial experiments demonstrate that liver tissue
difference of signals before and after contrasting is sufficient for the detection of focal
liver lesions and is potentially usable for their diagnosis [4.2,4.3].

II. Electro-optics of Soft Matter Systems
Flexoelectricity of uniform and nanostructured nematics.
Flexoelectric spectroscopy

5) Polymer Dispersed Liquid Crystal
The linear electro-optic response of polymer dispersed liquid crystal films (PDLC)
has been studied. Nematic micrometer variable size droplets of E7 were formed in a NOA
65 photopolymer by photopolymerization induced phase separation (PIPS) [5.1, 5.2] and
in polymethylmetacrylate by solvent induced phase separation (SIPS) [5.3]. Dielectric
and flexoelectric oscillation of the director orientation in the droplets were excited by an
a.c. driving voltage in the range 1Hz to 3 kHz. Both the linear and quadratic electrooptical response of the PDLC films were studied by the flexoelectric spectroscopy
method and by laser light diffraction. The temperature dependence of the first harmonic
electrooptic spectra was obtained. Peculiar picks and double peaks in the spectra were
found at temperatures close to the clearing point, especially in samples with narrow
distributions of droplet size. A flexoelectric origin of the first harmonic spectra in
confined nematic systems is discussed. The temperature and voltage dependence of the
1st and 2nd harmonic electro-optic spectra (amplitude and phase of the transmitted light
vs frequency) were obtained, and strikingly deep minima in all spectra were found. These
minima were interpreted as resulted from a spatial filtering (i.e. selective diffraction) of
the time-modulated components of the transmitted light [5.4]. Single-layered optical
material of linear-gradient microscale PDLC are investigated as well. The formation of
the PDLC structure, as well as the droplet gradient, are fully controlled by the PDLC cell
geometry and UV laser [5.5]. The electro-optical light-switching properties of wedgeformed microscale droplet-gradient single layers of PDLC are examined. Related to the
wedge dimension, the liquid-crystal droplets in the layers reach several tens of
micrometers [5.6]. Also composite films formed by pulsed UV laser are investigated. In
this case two morphology types, namely a bipolar and a hybrid alignment of liquid crystal
droplets are obtained. The specific structural properties of the produced PDLC layers,
such as the droplet shape uniformity and alignment, as well as the droplet size control
through the film thickness, facilitate the efficient control on the electro-optical response,
thus being of practical interest for EO device applications [5.7]. The flexoelectro-optical
behaviour of composite layers of E7 dispersed in a transparent polymer matrix, prepared
between glass substrates with Teflon nanolayers initially deposited, was investigated.
Thus, LC-polymer composite layers with well ordered and aligned droplet morphology
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were obtained, with dispersed LC droplets spherical in shape [5.8]. Bragg gratings,
switching characteristics of the recorded gratings and holographically formed in PDLC
are studied [5.9, 5.10]. Also polymer-dispersed cholesteric liquid crystals for distant
control of the temperature are investigated [5.11, 5.12]

6) Homeotropic Nematic Layers and Planar Nematic Layers
Homeotropic nematic layers of MBBA and BMAOB have been studied by a phasesensitive flexoelectric spectroscopy method. They have been oriented by films (with
different degree of desorbtion) of DLPC, CTAB and Chromolan self-assembled onto the
cell glass plates. The viscoelastic spectra contain information about the surface
dissipation of the orientational energy for different aligning films that partially desorb
from the surface and dissolve in the nematic, producing a gradient of concentration of the
surfactant. A new type of flexoelectric effect dependent on the space derivative of flexocoefficients has been identified. This effect consists of a bulk flexo-torque source that
substantially influences the apparent liquid crystal anchoring. Static and dynamic cases
have been analyzed for a steplike surfactant distribution. Resulting spectra have been
successfully compared with the experiment, yielding information about the surfactant
gradient. A theoretical treatment of the first harmonic has been implemented. The
temperature dependence of the thickness of the desorbed subsurface layer of the
surfactant was revealed. The surface viscosity was also obtained from the theoretical fits
to the spectra. These results provide new insights on the interfacial physics of nematic
liquid crystals and solid surfaces interaction, where flexoelectricity and desorption play a
fundamental role [6.1 to 6.3]. Experimental values of the flexocoefficient difference |e∗|
= |e1z −e3x| of a BMAOB/“swallow-tail” mixture as a function of the concentration of a
“swallow-tail” compound are analysed. The fact that the extrapolated value of this
difference is somewhat lower than originally expected is explained by a theory showing
that the strong steric asymmetry of “swallow-tail” molecules gives a comparable
contribution to both flexocoefficients [6.4].
Planar nematic layers of 5CB oriented by ‘sliding on’ nanolayers of PTFE were
studied by electro-optic methods. Deposited layers were characterized by AFM,
spectroscopic ellipsometry and polarizing videomicroscopy. It was found that at 100°C
presumably single PTFE chains (4 nm thickness) are deposited. By ellipsometry
measurements c. 0.1° pretilt angle of the nematic layer was determined. In planar nematic
layers low frequency flexoelectric splay oscillations were excited. An overall 1/f shape of
the oscillation spectrum was found in the range 1 to 1000 Hz, giving no evidence of a
surface viscosity effect in this range [6.5]. By using a drop method it was established that
the preferred director alignment is tilted opposite to the sliding direction. In some of these
samples an unusual modulated domain pattern after switching off a prolonged a.c.
excitation was observed for the first time. A possible relation between the domain origin
and loosely deposited PTFE layers was suggested [6.6].
Parallel surface-induced flexoelectric domains (flexo-dielectric walls) have been
further studied using new tools – a shadowgraph technique and computer processing of
the most important images and in an additional applied magnetic field in the Z direction.
The electro-magneto-optical curves have a resonance character due to competition
between the flexoelectric, dielectric and magnetic torques [6.7, 6.8] The d.c. voltage
threshold and wave number of the flexoelectric domains of have been obtained
experimentally in BMAOB layers with strong-strong and strong-weak anchoring, under
the joint action of increasing d.c. and a.c. voltages. [6.9]. Further, their characteristics for
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the case of one arbitrary nematic have been calculated. It was suggested the optimal
values of the material parameters of the nematic for the creation of the variable-grating
mode widely studied in the world [6.10]. These domains have been experimentally
obtained in BMAOB. The fitting of the experimental points with the theoretical curves
permitted to obtain various material parameters of the nematic [6.11]. The solution of the
Euler–Lagrange equations for the director components of the flexoelectric domains has
been for the first time found with the aid of matrix calculations for the case of a planar
nematic layer under the simultaneous action of an d.c. and a.c. voltages [6.12]. A
discussion of the eventual applications of this solution is also presented [6.13]. Based on
the formulated expressions, we present and analyze computer calculations for a planar
nematic layer with anisotropic elasticity and both negative and positive dielectric
anisotropy under the action of a homogeneous flexoelectrically deforming d.c. electric
field. [6.14]. Correction of the theoretical results presented in Eur. Phys. J. E 31 179
(2010) is made for the case of weak anisotropic elasticity. [6.15].
Experimental observations on the flexoelectoro behaviour of the bent-core- in the
nematic phase with a positive dielectric anisotropy were performed for the first time.
Various flexo-dielectric domains such as cross-like domains, -walls, longitudinal flexodielectric walls, etc. were observed for voltages below 8 V. Our interpretation is that all
these flexoelectric domains arise by the inhomogeneity of the electric field created by
injection of ions from one of the electrodes [6.16]. It was reported on the converse
flexoelectric effect in two bent-core nematic liquid crystals with opposite dielectric
anisotropies. The bend flexocoefficient for both the compounds is of the usual order of
magnitude as in calamitics, unlike in a previously investigated bent-core nematic for
which giant values of the bend flexocoefficient are reported. In order to resolve this
discrepancy, we propose a molecular model with nonpolar clusters showing quadrupolar
flexoelectricity. The study also includes measurements on surface polarization
instabilities in the dielectrically positive material; the splay flexocoefficient thereby
deduced is also of the conventional order [6.17]. Various low temperature nematic
mixtures possessing a positive dielectric anisotropy, were investigated. The strength of
the flexoelectricity in the mixtures was studied [6.18].
The flexo-surface polarization term e3x + mp= 5.1 pC/m and the flexoelectric
sum e1z + e3x= 15 pC/m were measured for the case of the nematic E7. The inclusion of
minute amounts of single-walled carbon nanotubes (SWCNTs) with a concentration
below 10-3 wt. % changes the results obtained as follows: e3x + mp = 14.7 pC/m and e1z
+ e3x = 78.7 pC/m, respectively. The value of the anchoring energy was found to be
0.4x10-6 J/m2 for the pure nematic E7 and 0.78x10-6 J/m2 for the E7/SWCNTs mixture
[6.19]. The SWCNT influence on the behaviour of the gradient flexoelectric and surface
polarization induced domains arising in a homeotropic nematic E7 layer oriented by the
lipid SOPC, or without the lipid, has been studied. Appropriate dynamic light transmitted
curves have been recorded and typical microphotographs have been taken [6.20].
A digitalized version of the standard method of conoscopy was developed to
register the bend deformation of molecular orientation in homeotropic nematic layers
caused by an in-plane applied DC electric field, and influenced by UV light illumination.
Two guest-host systems prepared by mixing of a nematic liquid crystal and some novel
photochromic liquid crystalline materials with single azo-bond or two azo-bonds, with or
without a longitudinal dipole moment, were studied. A marked, reversible UV increase of
the flexoelectrooptic effect was found in case of guest molecules with a longitudinal
dipole moment. The corresponding change in the thermal behaviour of the dielectric
properties of the mixtures was also evidenced. A lowering of the bend elastic constant
upon photoisomerization was observed for the first time, a feature ascribed to the
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formation of the bent-shaped cis isomers [6.21 – 6.24]. Detailed temperature
investigations of the bend converse flexoelectric effect in POPDOB, a nearly
symmetrically substituted mesogen with a rich polymorphism, specifically exhibiting the
nematic-smecticA (N-SmA) transition, were carried out. The pretransitional behaviour of
the flexoelectric effect on approaching the SmA phase suggests a quadrupolar origin of
the flexoeffect [6.25].
Surface irregularities (rubbing-induced domains, bumps, etc.) have been observed
in MBBA nematic cells after the special treatment of the electrodes with a conventional
soap. The behaviour of the rubbing-induced domains under AC or DC electric fields has
been studied. A new flexoelectric effect has been observed leading to dividing of the
rubbing-induced domains [6.26]. The “gradient flexoelectric effect” in nematics
discovered in 1974 by Derzhanski et al. is considered thirty years later. The following
topic questions are discussed: the kind of the non-homogeneity of the electric field in the
presence of ions or in non-planar geometry, quadrupolar, etc. position of the electrodes,
the boundary conditions and their dependence on the ions and the flexoeffect, the sign
and the value of some flexoelectric coefficients [6.27]. The flexo-dielectric behaviour of a
homeotropic MBBA nematic layer with strong-weak anchoring has been experimentally
studied. The application of d.c. voltage of a sufficient amplitude led to the appearance of
a complex texture consisting of gradient flexo-dielectric deformations including Schlieren
texture with many singular points and sometimes zig-zag flexoelectric walls. The
application of additional orienting a.c. voltage led to a clarification of the Schlieren
texture. Inversely, the application firstly of the orienting a.c. voltage led to the formation
of a nice Schlieren texture. The additional application of a d.c. voltage led to complex
zig-zag gradient flexoelectric walls which connect the singular points in the Schlieren
texture. In this way, one can determine for the first time how many points in the initial
Schlieren texture are singular and how many points are non-singular [6.28].The coexistence of the flexo-dielectric walls and the flexoelectric domains of Vistin’-PikinBobylev has been again observed in the nematic MBBA. On the basis of the first
observation of such co-existence by Vistin’ et al and the new theory developed by us, the
modulus of the difference between the flexoelectric coefficients of splay e1z and bend e3x
has been estimated again. It was experimentally found that the increase of the
conductivity  of the nematic MBBA from 10-9 to 10-8 (.cm)-1 replaced the flexoelectric
domains by electrohydrodynamic movement of the fluid [6.29]. A D.Sci. Thesis has been
defended in 2007 [6.30].

7) Other studies
Second harmonic generation, optical microscopy, and AFM are used for the
investigation of the thin films of azobenzene and trans-stilbene derivatives. Film
morphology is studied at micron and submicron scale. The approach allows one to
estimate the size and integral ordering of the crystalline molecular aggregates [7.1].
Dry components of different red and white wines were investigated by application
of thin layer nematic liquid crystal. A change in the orientation of the liquid crystal was
observed over the wine residue region. Differences between the structures of investigated
pure wine samples and samples with inclusions were observed. The optical analyses of
deformed liquid crystal layer were realized by polarizing microscopy. The method gives
possibilities for quick detection of wine inclusions and wine imitation [7.2, 7.3].
The boundaries of the two-phase regions around the liquid crystalline phase in the
binary system Triton X-114-water were outlined. The phase behaviour was explored as a
function of the concentration of the detergent in the system and of the temperature. The
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phase diagram contains a eutectic point, which is the peak of the existing there liquid
crystal domain [7.4]. The vibrational spectrum of the chemical compound thiophosgen
was studied by means of a quantum-mechanical model developed for this purpose. The
calculated vibrational frequencies were compared with the experimental ones obtained by
other authors. The harmonic and some of the anharmonic force constants of the model
were determined from the comparison. The data for the specific heat of chalcogenide
glasses were modelled using the phenomenologically modified Debye model.
Conclusion
Soft Matter Physics division of ISSP was established in 2004 by a decision of ISSP
Scientific Council, bringing together the Liquid Crystals Lab and the Biomolecular
Layers Lab. During last 10 years, division’s coworkers have published 101 papers, 8 book
chapters, 1 e-Book and 1 BG patent (N110231/2009). These papers have a total impact
factor of 72.185, and have been independently cited 255 times so far. Acad. Alexander
Petrov has been awarded the Freedericksz Medal of the Russian Liquid Crystal Society
(2004) for outstanding achievements in liquid crystal physics, the Special Contribution to
Science Award of the Ministry of Education and Science of Bulgaria (Scientist of the year
2007) and the Marin Drinov Sign of Honour of BAS on a ribbon (2008). Prof. Isak Bivas
has been awarded the Georgi Nadjakov Sign of Honour on a ribbon (2010). Scientific
Project 1003/2000, contract with the BNSF was awarded the first prize.
Total number of papers: 101
Total Impact Factor: 72.2
Sum of citations: More than 255
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LASER, ATOMIC, MOLECULAR AND
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Prof. Nikola Sabotinov, DSc, BAS member (until June 2012)
Prof. Kiril Blagoev, DSc (since June 2012)

The department comprises two laboratories:
Laboratory “Atomic spectroscopy” (AS) - head Prof. K.Blagoev, DSc and scientific
staff: Prof. D.Zechev, DSc; Prof. R.Dyulgerova, DSc; Assoc. Prof.
P.Pramatarov, PhD; Assoc. Prof. M.Stefanova, PhD; Assoc. Prof.
V.Mihailov, PhD; Assoc. Prof. E.Dimova, PhD; Assoc. Prof.
G.Malcheva, PhD; Assist. Prof. V.Steflecova, PhD; Assist. Prof.
B.Torosov, PhD; MS. D.Yordanova.
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SCIENTIFIC ACTIVITY
Research and development of new laser systems, manipulation and control of laser
beam parameters; laser beam interaction with matter; low energy atomic interactions;
processes and coherent phenomena in low temperature gas discharge plasma, atomic
structure and properties, atomic spectroscopy, quantum optics and nonlinear optics.
I. Research and development of new laser source and their application:
• Optimization of the developed at MVL laboratory pulsed visible copper bromide
(CuBr) laser, aimed at longer lifetime, increased efficiency, better beam quality and
higher output power continued. A patent protected method for increasing the lifetime of a
powerful 40-W CuBr laser (Fig. 1) by a cold point laser tube was demonstrated and
studied. The spectral and pulse characteristics at different excitation frequencies were
investigated. [1-6]. The developed in the laboratory CuBr laser is produced by a
Australian company Norseld, Ltd Pty for medical applications and by a Bulgarian
company Pulselight, with which there are permanent contacts for scientific support for
manufacturing CuBr laser tubes [P1, P2].
Parametric studies of the interaction between the laser beam from a copper
bromide vapour laser and different materials (Cu, Al, Ti) were carried out in order to
optimize the processes of laser drilling, cutting and marking.
A master oscillator-power amplifier (MOPA) system, based on the atomic CuBr
laser with divergence close to the diffraction limit (100 μrad) and maximum output power
of 100 W was developed. The effect of hydrogen on the system performance and the
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coherent properties of the CuBr amplifier system were investigated. Divergence-evolution
studies were carried out to improve the spatial coherence and reduce the laser beam
divergence. Manipulating the laser pulse shape of the MOPA system was realized [7-8].

Figure 1. The 40-W CuBr laser.
• Development and optimization of the invented at MVL copper ion UV laser,
oscillating in Ne-CuBr nanosecond pulsed discharge continued. The effect of different
admixtures on the laser oscillation parameters was investigated. It was demonstrated that
small admixtures of hydrogen (0.2-0.4 Torr) increase of twice in the laser output power.
Lifetime investigations under a stabilized temperature regime of the active zone were
carried out. An average output power of 500-600 mW, beam divergence of 0.1 mrad and
laser tube lifetime of 700 hours were achieved [9-13, P3].
•

Figure 2. The UV Ne- CuBr laser
• Investigations of a strontium recombination laser, oscillating at 6.45 microns in
nanosecond He-Sr discharge were performed. A record average output power of 12.5 W
was obtained. A new version of the strontium atomic laser oscillating in He-SrBr2
discharge was developed. Laser generation of the following atomic and ion lines: 1.03
μm, 1.09 μm, 2.06 μm, 2.20 μm, 2.69 μm, 2.92 μm, 3.01 μm, 3.07 μm and 6.45 μm was
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achieved and the optimal conditions were determined. Different tube designs were studied
with the aim to increase the output power of the 6.45 μm [14-20, P6].
• Various hollow cathode geometries were tested at discharge parameters typical for
laser generation of ion lines in hollow cathode discharge. The optimal plasma conditions
for efficient cathode sputtering and excitation of laser lines in He-Cu discharge were
determined [21-24, P4].

The developed in the laboratory laser systems were used for various applications:
The MOPA copper bromide laser system was applied for precision processing of
different types of hard materials such as metals, ceramics and plastics; for drilling
microholes, for marking and cutting. It was used for high-precision micromachining of
nickel and tool steel samples in order to improve their mechanical characteristics for
application in automobile industry in the frame of a project with University of Windsor
Canada. The laser micromachining consists in drilling of microholes in highly polished
square plates with 10-mm size of the corresponding material. New software is developed
to control the MOPA system and the XY table, on which the samples are placed, for
drilling of the microholes by special patterning, i. e. in the apex of equilateral triangle and
microhole depth is equal to the hole radius. The microhole diameter and the distance
between their centres (the side of the equilateral triangles) are varied for each sample. A
minimal hole diameter of 4-6 μm and heat affected zone of 0.3 μm are achieved [25-27].
The CuBr laser is used for induced laser–liquid–solid formation of extracellular
matrix/hydroxyapatite composites and for creating micrometer-scale structures by precise
and flexible irradiation of small and complex shapes [28-34].
The developed UV Ne-CuBr laser was used for laser-induced modification by
248.6 nm line of a conducting polymer. A significant growth of copper electrocrystallization on the polymer layers was achieved. The refractivity of polymer layers in
the visible and ultraviolet spectral range was determined. Fabrication and testing of
optical elements, as well as processing of polymer film substrates for Nemoptic
Company, France was done. Micron holes of 10, 20 and 40 microns in size were drilled in
glass, polymer and ZnSe. Structural modifications in the surface layer of copper and
aluminium were investigated by the use of visible laser radiation.
On the base of both high-power mid-infrared He-SrBr2 and deep-ultraviolet NeCuBr lasers, two laser systems equipped with opto-mechanical systems to control laser
beam have been developed for application to the treatment of PEDOT films with DUV
laser output and to determine optical linear properties of CaxSr1-xF2 crystals in the midinfrared, visible and deep-UV spectral regions [35-44].
Interdisciplinary research based on application of different laser techniques for
diagnostics, restoration and conservation of cultural heritage has started. The
investigations are in the frame of a big project of the department and participations of
scientists from the National Institute of Archaeology with Museum, BAS and Sofia
University, with the financial support of the National Science Fund. An interdisciplinary
team of experts in the field of physical archaeometry was formed. New modern laboratories
for qualitative and quantitative spectral analysis of different artifacts based on laser
induced plasma (LIBS) and fluorescent (LIF) diagnostics were equipped. Analysis of
different ceramic, glass and metal artifacts was done. Diagnostics of valuable museum
objects (gold and gilded objects, for example) were performed in-situ with the portable
LIBSCAN apparatus. In-situ analyses of metallurgic ovens near ancient copper mines in
the region of Sozopol were also done. The developed apparatus and methods can be
applied for remote element control in real-time during the process of new material
•
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synthesis or other technological processes, as well as for diagnostics of environment
pollution or wasted industrial zone contaminations.

Figure 3. The LIBS laboratory

Figure 4. Portable LIBS analysis: on site and in a museum

Laboratory set-up for laser cleaning based on CuBr and Q-switched Nd:YAG
lasers was built with optical systems for guiding the laser beam. The cleaning parameters
for different stone, marble, metal and leather samples were determined. Preliminary tests
of laser cleaning of real marble and metal archaeological artefacts were done. The
research is done in collaboration with INOE, Bucharest, under a bilateral project.
II. Atomic structure and radiative properties:
One of the most exciting developments in recent observational spectroscopy has
been the discovery of many complex spectra emitted from stellar objects. These spectra
are from elements that hitherto have been too under abundant to be detected. Atomic data
now needed by astrophysicists and plasma physicists in, for example, plasma diagnostics
or in the analysis of the huge amount of recent astrophysical spectra.
The atomic data concern the structure of the excited states (wavelengths, energy
levels, etc.) of atoms and ions, in low or in high ionization stages, their radiative
properties (transition probabilities, lifetimes, etc.), which are essential for synthesis of
astrophysical spectra. To examine the more important atomic processes that occur in the
plasma, and which contribute to the creation of excited states from the ground
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configurations leading to the emission of radiation (ultraviolet and X-rays), excitation and
ionization cross sections are also needed.
A number of spectra and their radiative properties have been investigated. They
are from IB and IIB groups – Cu II, Ag II, Au II, Zn I, II, Cd I, II and transition elements
– Zr I, II, III, Hf III, Y I, II, Nb I, as well as TbI from REE. The extremely long lived
metastable states of Ba II and Ti II have also been studied [45-59]. The Time Resolved
Laser Induced method and emission method have been used for experimental
investigation and MCHF method has been employed for theoretical treatment. The
experiments have been carried out in Lund University under the EU programme “Access
to Large Scale Infrastructure”.
Excitation transfer process between 4,3He (21P, 21S) and N2 is investigated by
means of time resolved method after pulse electron excitation. The corresponding rate
constants and cross sections are obtained [60, 61].
III. Quantum optics and nonlinear optics:
A theoretical model of coherent excitation of a molecular beam and of interaction
of a two-degenerate-levels system with a laser pulsed field of random polarization has
been developed. On the base of a theoretical model, a method for the creation of superrotors (molecules in a highly excited rotational state), was suggested. A new technique
has been suggested for the controllable creation of quantum superposition of many states
and for studying qutrits (three-state systems). A new method based on the adiabatic
transfer of population has been suggested for the creation of maximum coherent
superposition of two atomic states. The suggested method is topologically analogical to
the widely applied method STIRAP in lambda-systems and possesses analogical stability
to fluctuations in the experimental parameters. A detailed theory has been developed for
the so called dynamical phase gate that is a primary operation in quantum informatics. A
systematic theory has been developed for the symmetries and asymmetries in the different
kinds spectral lines under coherent atomic excitation. A packet of control techniques for
the states of multidimensional quantum systems with capabilities for essential
applications in the quantum information and quantum computers is developed. [62-126].
A technique for creation of arbitrary flat profile of excitation pulses was proposed.
The method is based on composite pulses, which are formed by applying the sequences of
pulses, having determined phases. In this way, the excitation profile can be influenced
and the analog of π – pulses with flat profile could be created. If the composite phases are
chosen in an appropriate way, the nonadiabatic losses can be cancelled to the high degree.
The method for creation of high entangled states of atoms in an optical trap was proposed.
The technique is similar to the method of laser cooling [127-129].
•

• The manipulation of ultra-cold atoms and molecules by light is a new subject for
Bulgarian scientific community. The first experimental setup for laser cooling and
trapping is based in AS laboratory (Figure 4). The basic characteristics of the MOT were
determined: the temperature of the atoms ensemble is about 100 μK, collected in a cloud
with diameter about 1 mm, containing about 10 million Rubidium atoms. The
experimental investigations are focused at building of an experimental setup for Magnetooptical trap of Rb atoms, Bose-Einstein condensate of Cs atoms, coherent control of the
wave packets of cold Rb2 molecules, and absolutely ultra-cold Cs2 ground state
molecules. These investigations were performed in close collaboration with Laboratoire
Aime Cotton, France; Institute of Physics, PAN, Poland and Claredon Laboratory,
Oxford, UK [130-133].
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Fig. 4 The atom cooling experimental set-up

Investigations of new materials for non-linear optics have started. The nonlinear
properties and the refraction coefficients of several synthesized multi-component glasses
were measured. It is found that the nonlinearity of the samples is of negative type in the
terms of Z-scan techniques. Unique spectral properties of the newly synthesized TGN
glass were found, compared to the Hoya V-10 glass. Quasi-oscillation of second
harmonics is observed as a result of defects in the glass causing changes in the matrix
symmetry [134, 135, P5]. The research is in the frame of a project “Novel multicomponent glass-like telluride matrixes having variable nonlinear optical properties”
funded by NSF (DO 02-305/2008) and is done in joint collaboration with Institute for
Laser Science, Chofu, Tokyo, Japan.
IV. Plasma physics:
• Fundamental parameters of the gas discharge plasma at conditions typical of the
developed high-power deep ultraviolet, visible, and mid-infrared, such as gas temperature
and electron temperature have been determined.
The distribution of gas temperature along the radius of a nanosecond pulsed
longitudinal discharge was determined theoretically at the cases of uniform and nonuniform power input in the discharge. The thermal conductivity of binary gas systems
was calculated for the case of gas discharges in He and Ne with small admixtures of
copper, bromine, hydrogen and strontium. Analytical solution of the steady-state heat
conduction equation is found. The average gas temperature is found by averaging the
radial gas temperature distribution over the radius. By measuring the relative intensities of
some He and Ne spectral lines, originating from different upper levels, the average
electron temperature in the developed gas discharge tubes was evaluated [136-141].
• The processes in the plasma of a hollow cathode discharge (HCD) used for laser
excitation were studied experimentally and by modeling. The optimal ratio of the cathode
length and diameter at which the discharge is homogeneous in the whole discharge
volume was defined. As a result, the excitation efficiency of a HCD sputtering copper ion
laser was improved and higher laser output power was achieved. Based on the obtained
results a new (patent protected) multi-cathode laser construction was designed. An
analysis of the species behaviour and reactions for a HCD excited in a He–Ar–Cu mixture
was made. A reduced chemistry module was developed, simplified by reducing the
number of species and reactions. The model can be used in optimization studies of glow
discharges in general.
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A kinetic Monte-Carlo model is developed describing the electron behaviour in a
HCD by following closely the electrons while they travell and collide in the discharge.
Results of the electron energy distribution function, the mean electron energy and the
distribution of the ionization events in the discharge volume under typical discharge
conditions, are obtained. The results from the kinetic model demonstrate that due to the
high concentration of energetic electrons in the whole discharge volume, the HCD is very
appropriate medium for excitation and ionization of laser ablated material for elemental
analysis. Based on the results of modeling, a discharge tube for combination of laser
ablation and emission analysis in a hollow cathode discharge was designed [142, 143].
The research was in the frame of joint projects with Antwerpen University, Belgium and
Eindhoven Technical University, The Netherlands.
• The interaction of plasma media in HCD with external light, including laser light
were investigated. The spontaneous coherent conductivity in a negative glow was
observed and ascribed to the self-aligned excited states. It is an integral galvanic
manifestation of the spontaneous coherence. Deconvolution of experimental dynamic
opto-galvanic signals in the glow plasma of HCD was done. The signals were fitted with
theoretical determined function and the decay lifetimes of the states, taking part in the
processes, which were responsible for the signal creation at different discharge currents.

The dynamic opto-galvanic signals of Fe positive ions were compared with
nonresonances optogalvanic signals. The differences of rising time and amplitude of these
two types of signals were observed, which depends on discharge current and power of the
illumination laser beam. The opto-galvanic signal polarization dependence is related to
the different cross-sections, characterizing the interaction of either selfaligned and
oriented ensemble of atoms. The true resonant optogalvanic signals for Ne I transitions in
524-564nm spectral ranges are obtained from the experimental ones using deconvolution
procedure. An approach is developed for fitting the obtained signals with appropriate
function. It enables to extract of various rate constants of the elementary processes in the
hollow cathode plasma from the registered dynamic optogalvanic signals. The
contribution of different excited Ne I states to the coherent conductance of self alignment
ensemble of atoms was estimated by selective optical excitation or deexcitation. It is
shown that the coherent conductance can change its sign depend on ionization
characteristics of the admixture metal atoms.
•

The HCD was employed as an analytical tool for investigation of elemental
composition of the cathode surface. Depth profile element analysis has been made in
hollow cathode discharge of different elements in various samples, including YCaBCO
and YBCO high temperature superconducting ceramics. In order to optimising the
technological conditions the investigations performed by depth profile analysis in HCD,
Auge- and XPS- spectroscopy of the SnO2/SiO2/Si structure modified by
hexametildisilazane were summarized as a function of the rapid thermal annealing.
•

• Experimental and theoretical investigations were carried out of hydrogen negative
ion concentration as a function of the hydrogen quantity in (Ne+H2) HCD mixture. The
studies of elementary processes with H- participation were reviewed in a HCD and a
positive column glow discharge in order to clarify the main processes for H- formation
and destruction. The H- concentration was estimated by modelling and measured by both
photo detachment (optogalvanic) method and an emission method [144-162].
An experimental method and set-up for determination of gas mixture in closed
devices was developed. The method was based on the plasma-electron spectroscopy. The
electron distribution maxima, due to the different atom processes in the plasma, carry out
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information about the content of the different gasses in the gas mixture. The method was
verified in mixtures of He and Ar, Kr, N2 and air. An original design of microplasma gas
analyzer detector was proposed.
RESEARCH PROJECTS:
•

Programs of EU, NATO and other international organizations:

1999-2002 NATO SfP-972685, Development of a System Based on A High Power and
High Efficiency Copper Bromide Laser for Precision Materials Processing.
1999-2004 NATO SfP-971989, High Beam Quality UV Lasers for Microelectronics.
2000-2004 EC, FP5, COCOMO HPRN-CT-1999-00129, Coherence and Control in
Atomic and Molecular Systems and Processes.
2001-2002 Programme “Stability Pact for South-East Europe of the German Ministry of
Research”, No.13, New technologies for laser processing of materials.
2001-2005 EU Program COST 529: "Efficient lighting for the 21st Century"
2005-2012 EU Program "Laser lab in Europe I” and Laser lab in Europe II”
2007-2010 NATO Reintegration grant: EAP.RIG.982778, Cold gas target: a novel and
precision method for detection of collision processes.
2008-2012 EURATOM, Transport of W atoms and ions near the wall.
•

Bilateral agreements:

2008-2011 China, UV CuBr and IR SrBr2 lasers
2006-2008 China, Theoretical and experimental investigation of quantum information
translation in the process of interaction of ultra cooled atoms and molecules.
2005-2007 India, High-end-performance solid-state-power-supply copper lasers for fine
material processing.
2009-2012 India, High-End-Performance Solid-State-Power-Supply Copper Lasers for
Fine Material Processing.
2010-2012 Romania, Standardization of laser techniques for investigation and
restoration of cultural heritage.
• The investigations of the department was financially supported by Bulgarian
National Science Fund through 10 projects in different fields. Three of the projects were
under the Programme "Promotion of innovations in small and medium enterprises".
• The departnent participated in a number of bilateral projects under the
Academy exchange programmes with: Poland - Institute of Physics of Jagellonian
University, Krakow and Institute of Fluid Flow Machinery-PAN, Gdansk; Serbia and
Montenegro - Institute of Physics of Belgrade; Russia - Laboratory of Nuclear Reactions,
Dubna; China - State Key Laboratory of Quantum Optics and Quantum Optics Devices,
Shanxi University; Belgium - University of Antwerpen; The Netherlands - Technical
University of Eindhoven;

Scientists of the department are working in joint projects with scientist from,
Austria, France, Germany, Italy, Japan, Romania, Russia, Swidan, UK, etc.
•

TEACHING ACTIVITIES
During the last decade in the department there were 14 PhD students, 4 of them
already defeated their thesises. 12 students has done their BS and MS studies in the
laboratories of the department.
Two students from Spain had postgraduate training for 12 months and two young
scientist from China were on 4 months training visit in MVL laboratory. Two groups of
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postgraduate students and young scientists from Tomsk University, Russia passed short
training courses in the field of nanosecond metal vapour lasers.
OTHER ACTIVITIES
In 2002 the 34-th EGAS conference of the European Group of Atomic
Spectroscopy was organized by team of the department. Nearly 200 participent from 31
countries from all over the world participated in the conference. To facilitate the young
scientists participation in the conference a FP5 EC project was realized.
In the frame of the project “Laser diagnostics in archaeology” (NSF DO 02-274)
two workshops were organized for specialists in different fields – physics, archeology,
geology, chemistry. During the discussion information about the possibilities of different
physical methods for diagnostics, as well as the specific problems when studing cultural
heritage monuments and especially archaelogical artefacts, was exchangesd.
In 2005 April 18th, the beam of the developed in the MVL the 40 W CuBr vapour
laser was in the sky of Sofia to join the world light bridge in the initiative “Physics
enlightens the world” to commemorate the 50-th anniversary of Einstein’s death.
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