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Abstract. Thin films of two high-temperature superconducting materials (YBa,Cu3;0; and Bi,Sr,Ca,C;04) were

F N prepared by radio frequency magnetron sputtering in Institute of Electronics, Bulgarian Academy of Sciences in
; 1988. Superconductivity and cryoelectronics laboratory was created (1989) for the further developing of the
17 »= | superconductivity topic in the Institute of Electronics. This paper describes some stages of the development of

the investigations of high-temperature superconducting thin films and layered structures in the Superconductivity
and cryoelectronics laboratory.
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1. Introduction

K. A. Miiller and J. G. Bednorz discovered in April 1986 that a ceramic compound La,.
BayCuO, became superconducting at 35 K. In 1987 two groups independently reported
critical temperature well above the temperature of liquid nitrogen (77°K) in the ceramic
compound YBa,Cu;O;, (YBCO). These ceramics were specified as high-temperature
superconductors (HTS). Research on high-temperature superconductivity materials started in
Bulgaria almost immediately after discovering the phenomenon. Bulk high-temperature
superconductivity ceramic materials were prepared and Institute of Solid State Physics BAS,
Sofia University “St. Kliment Ohridski”, and Institute of Electronics — Bulgarian Academy
of Sciences etc started to investigate their properties [1-5].

2. Institute of Electronics BAS

The Institute of Electronics BAS possesses potential and qualified specialists in the
field of superconductivity (such as young PhD S. Tinchev, Z. Ivanov, B. Todorov, which
received their degrees in Moscow State University, Russia) to develop the high-temperature
superconductivity topic. Institute of Electronics BAS started to develop Bulk high-
temperature superconducting technologies (I. Nedkov). By taking into account the
importance of thin films of high-temperature superconducting materials for microelectronics
applications, the experiments on magnetron sputtering (B. Goranchev, Z. Ivanov, B.
Todorov, T. Donchev), electron-beam evaporation (G. Mladenov) and laser ablation (P.
Atanasov) of YBCO materials were started as well. Thin films of high-temperature
superconductivity YBa,Cu;0;, and Bi,Sr,Ca,C;0, materials were prepared by radio
frequency magnetron sputtering in Institute of Electronics BAS (1988) [6-7].

3. Superconductivity and Cryoelectronics Laboratory and Development of Thin

Film Technologies

For the further developing of the superconductivity topic, the Scientific Council of the
Institute of Electronics BAS made decisions (from 26.10.1989 and 16.11.1989) to form a
special laboratory in the institute. Therefore, 27.11.1989 the Superconductivity and
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cryoelectronics laboratory (with Head — Professor A. Spasov) has formed and seven
scientists joined this laboratory.

High-temperature superconducting thin films: For developing of high-temperature
superconducting thin film deposition technologies two Universal Vacuum Posts (VUP 5)
and a radio frequency magnetron with its feeding source were bought for the new laboratory
in 90" of the 20 century. A new configuration of a two opposing — the targets direct current
magnetron sputtering system (T. Donchev) has built (Fig. 1) as well. The new equipment
and the usage of good quality YBCO targets allowed to successfully develop the
technologies for in-situ deposition of epitaxial thin high-temperature superconductivity
YBa,Cu3;0, (YBCO) films on MgO, LaAlO; (LAO), SrTiO; (STO), Y- ZrO, (YSZ) and Si
substrates with and without buffer layers (V. Tsaneva, T. Donchev, R. Chakalov). The
qualities of these films grown on MgO, LAO and STO substrates were very high and the
critical temperature T¢ and the critical current density Je were not less than 90°K and 10°

A/em® (at 77°K), respectively [8-9].
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O C facedtarget off-axis magnetron sputtering
Fig.1 Radio frequency (left) and two opposing — targets DC magnetron sputtering (right) systems for obtaining HTS and
ferromagnetic manganite films and dielectric buffer layers.

Optical emission spectroscopy was employed as an additional non-perturbing method
for investigation and controlling of the condensing species flux during high-temperature
superconductivity and buffer thin film deposition process (V. Tsaneva) [10]. The oxygen-to-
argon emission peaks ratio was shown to be a useful indicator for controlling of the oxygen
partial pressure and the substrate temperature in order to obtain smooth epitaxial films with
high critical parameters.

Later direct current magnetron sputtering was used to prepare YBCO films on both
sides of the substrates (double-side films) [11]. Nearly identical values of the characteristics
of two-sided films were obtained by a careful optimization of the deposition condition.

A high-temperature superconducting YBCO films on miscut NdGa0; substrates (or
tilted substrates) [12] were prepared as well (Fig. 2). Films grown on the substrates with the
optimal tilt angle demonstrated greater values of the critical temperature and the critical
current density and smaller value of the microwave surface resistance.
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Fig. 2 AFM image of the surface of YBCO thin films deposited on NdGaO; substrates with the tilt angles 0° (A), 3° (B) u 5° (C)

Superconducting YBCO thin films prepared in the laboratory were used in numerous
experiments in the Institute of Electronics at the Bulgarian Academy of Sciences as well as
in the laboratories of the international scientific partners.

Ferromagnetic manganite films. In the 90s of the 20 century the ferromagnetic
manganites (for example La, Ca,MnO; (LCMO) and La,Sr,MnO; (LSMO) attracted the
attention of researchers due to the colossal magnetoresistance effect. Thin films of LCMO
were deposited by radio frequency magnetron sputtering under different conditions and their
magneto-resistive properties were investigated in collaboration with the Institute of Solid
State Physics BAS [13-14]. In collaboration with the same Institute technologies for radio
frequency magnetron sputtering of thin films of more exotic materials as the orthorhombic
multiferroic GdAMnQO3;, semiconducting magnetic cobaltite NdBa,Co,0s,, were developed
[15].

High-temperature superconductor — ferromagnetic manganite layered structures.
High-temperature superconducting cuprate — ferromagnetic manganite (HTS/FM) structures
are under intense study due to both a fundamental interest and the possible applications in
spintronics, where the spin state of the charge carriers is used to control the device
parameters. Therefore HTS/FM and FM/HTS double layer structures, consisting of YBCO
and manganite layers were fabricated and their electrical parameters were investigated [16-
17]. It was shown that i) the temperature dependence of the normal state resistivity of these
HTS/FM structures is not described by a linear function; ii) the presence of a manganite
layer leads to a worsening of the critical parameters of the YBCO film; iii) the manganite
layer leads to a significant increase of the microwave surface resistance of the structure.

4. HTS Technology in Neighboring Laboratories

Laboratory Gas lasers and laser technologies — P. Atanasov: HTS YBCO thin films
were prepared by in-situ oxygen plasma-assisted laser deposition. Low temperature (450 —
550 C) in-situ laser deposition in combination with CO, laser heating of the substrate and
subsequent annealing in oxygen were shown to be a technique suitable for obtaining of
oriented polycrystalline YBCO films with good superconducting properties. A multistep
superfast CO, laser annealing in oxygen was proposed for modification of laser deposited
YBCO films on Si. It was also shown that N, laser can be used for patterning YBCO thin
films [18-19].

100



2011 Dissemination and Development Physics and Mathematics on the Balkans

Laboratory Physical problems of electron beam technology - G. Mladenov:
Deposition of YBCO films using electron beam evaporation and simulation of the physical
characteristics of the process were produced [20-21].

Laboratory Microwave magnetics — I. Nedkov: Investigation of the alkali metals (Na,
K and Rb) influence on the properties of bulk high-temperature superconducting YBCO
materials was performed [22-24]. Each impurity has a specific effect on the temperature
dependence of the resistance and magnetic susceptibility.

5. Investigation of Characteristics and Application Possibilities of HTS Thin Films and

Structures in the Superconductivity and Cryoelectronics Laboratory

Investigation of penetration of HTS films by inhomogeneous magnetic field and
application for contactless characterization of HTS materials. An investigation was carried
out of the interaction of spatially uniform direct current and alternating current magnetic
fields and magnetic fields of cylindrical symmetries (magnetic field of small nearly planar
coil with the current) with a thin superconducting film which has become partly resistive
after the induced current density had exceeded the critical one (T. Nurgaliev) [8, 25]. A
Critical state model was proposed for describing the penetration of the high-temperature
superconducting film by non-uniform magnetic field of cylindrical symmetry [26]. The film
remains in Meissner state, when the amplitude of the driving current is small in nearly planar
coil. With an increase of the current amplitude in the coil the film is penetrated by the
magnetic field and the trapped current appears near the mean radius of the coil windings. In
this case the shielding current profile in the film depends not only on the drive current, but
on the magnetic history of the film as well (Fig. 3) [28-30].
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Fig. 3 Radial distribution of the screening current in HTS film, created by the magnetic field of a planar coil. The current
amplitude in the coil is 0.01 A, 0.09 A and 0.15 A (a, b and c), and the phase of the current is T= 7 1.257m 1.57 1.757 27,
2.25m 2.5m 2.75 (curves 1-8) [27].

The above results were used for the elaboration of contactless measuring set-ups of the
parameters (voltage versus current curves, resistivity and critical current density) of thin
high-temperature superconductivity films and of bulk high-temperature superconducting
pellets [8, 23, 25-28]. This effectively contributed to developing of technology for growing of
high quality high-temperature superconducting films in the laboratory.

Developing of investigations on Josephson junction in HTS materials and their
device applications: One of the scientists in the laboratory (S. Tinchev) on a long-term leave
at Forschungsgesellschaft fuer Informationstechnik (Germany) developed a technology for
fabrication of 77 — K SQUIDs by local oxygen-ion bombarding. A non-uniform in-depth
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distribution of the critical temperature was observed in the ion modified high-Tc YBCO film
weak links. It was found that the film inside became granular after the modification. These
SQUIDs were the first high —7c devices tested on a space mission on board of the space
shuttle Discovery [29-30].

Z. Ivanov in his long-term stay in the Chalmers University of Technology (Sweden)
continued the investigation of the methods that allow ex-situ preparation of double-side
coated T1,Ba,CaCu,Og films on YAIO;, Y-ZrO, and LaAlO; substrates. He continued the
investigations on the properties and applications of artificial grain-boundary Josephson
junctions on bicrystal substrates as well [31-32]. The possibilities to vary the junction
parameters by doping the boundary with different elements were studied.

V. Tsaneva developed a technology for fabrication of 2-D Josephson junction arrays in
collaboration with Neuchatel University — Switzerland [33].

Investigation of microwave properties of YBCO films: The microwave measurements
of high-temperature superconducting samples allow obtaining valuable information about
the crystalline properties (granularity) of the sample, the concentrations of the
superconducting and normal charge carriers and the dynamics of the magnetic vortices. For
this reason, the Superconductivity and cryoelectronics laboratory included into its plane of
works the investigations of microwave properties of high-temperature superconducting
materials. These results of the microwave measurement were used for the obtaining of
information about the internal physical parameters of high-temperature superconducting
materials (such as microwave conductivity of high-temperature superconducting films,
magnetic penetration depth, pinning and dynamic characteristics of magnetic vortex in high-
temperature superconducting materials) [34-39].

Analysis was performed of a quasi-TEM wave in a parallel plate resonator (PPR) of
arbitrary planar shapes. This enabled to apply the PPR technique for measurement of the
surface impedance of thin YBCO films and bulk materials with arbitrary shape when they
have one planar surface. On the basis of such conducted investigations, the fixtures with
different configurations were elaborated and prepared for studying of the surface impedance
of YBCO thin film and bulk materials

Set ups, elaborated for contactless investigation of direct current, low frequency
alternating current and microwave properties of high-temperature superconducting materials
were especially useful for developing of technology for obtaining of high quality HTS thin
film in the laboratory.

Developing of HTS microwave resonators: Microwave losses of high-temperature
superconducting thin film materials (expressed by the terms of the surface resistance) are
significantly smaller than losses of good conducting metals (Cu, Au, Ar) at T< 77°K and
frequencies up to ~100 GHz. This allows applying of high-temperature superconducting
films for constructing high quality microwave resonators, filters and other microwave
elements.

In the Superconductivity and Cryoelectronics Laboratory, the microstrip and co-planar
resonators of different configurations (linear, ring, meander, circular, elliptic) were prepared
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from high-temperature superconducting YBCO thin films (Fig. 4) [34-35, 38]. Quality factor
of such micrstrip resonators reached up to 10000 at 77°K. A 4 GHz oscillator stabilized by a
high-temperature superconducting microstrip resonator was implemented and tested [39].
Parameters of such device strongly exceeded those of Au-resonator stabilized oscillators.
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Fig. 4 HTS YBCO thin film microstrip resonators of meander, ring, disc and spiral types

Developing of tunable HTS thin film resonators: The magnetic field effect on the
parameters of HTS microstrip line resonators with a ferrite thin film component has
investigated. The results obtained were applied for elaboration and analysis of magnetically-
tunable high-temperature superconducting resonators of different configuration with the

ferrite components [38, 40] (Fig. 5)
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Fig. 5 Transmission characteristics of a HTS YBCO microstrip resonator 2 (left) measured at 77°K (center) [40]. Induction of the
magnetic field is tyH,=0, 77, 85, 93 mT (curves I- 4, respectively). Results of modeling (with the parameters Qy=1500, f,=4.68
GHz, Ky=0.3, N//Qy=0.002, a:=0.0015, tiyM=235 mT) are shown at right

Co-planar transmission lines were fabricated from YBCO/Ba,Sr;,TiO; bilayers
deposited of LAO substrates. Ferroelectric layer [41] in CPW increased and allowed tuning
of the effective dielectric constant and the delay time of the pulses. It was shown that an
advantage of using high-temperature superconductivity electrodes at 77°K and /=3 — 10 GHz
could be obtained if the ferroelectric layer thickness was less than 100 nm [42].

Properties of LSMO and YBCO/LSMO structures: The EPR and FMR absorption
spectra [43] and the magnetic domain structure [44] of Lay;Sro3;MnO; films prepared on
LaAlO; (LAO) were investigated. The behavior of the resonance spectrum, observed around
the Curie temperature, was interpreted as due to a parallel existence of the microdomains
with the paramagnetic and ferromagnetic states of the electron system [43]. Microwave
surface impedance, absorption, transmission and reflection coefficients of tangentially
magnetized Laj;Sro;MnO; films [45] and double layer high-temperature superconductivity
YBa,Cu;0; (YBCO)/(FM) Lag;Sro3sMnO; (LSMO) structures [46] with respect to the
electromagnetic wave, incident perpendicularly, were analyzed. It was shown that in double
layer YBCO/LSMO structures these parameters were characterized with the peculiarities
caused by the superconducting transition and the ferromagnetic resonance (FMR). A

103



2011 Dissemination and Development Physics and Mathematics on the Balkans

dependence of the surface resistance of the structure on the external magnetic field strength
can be observed in YBCO/LSMO structures at 7<7T¢ due to the ferromagnetic resonance
effect. A contactless method for investigation of the spin —injection effect on the critical
current density of high-temperature superconducting film in HTS/FM structures was
proposed and realized in a YBCO/LSMO double layer structure [47].

Conclusions

The Superconducting and Cryoelectronics Laboratory of the Institute of Electronics
BAS has formed in 1989. During these more than 20 years, the laboratory successfully
developed the magnetron sputtering technology for preparing of thin films (with a thickness
from several teens to several hundred nanometers) and layered structures of modern and
attractive materials such as high-temperature superconductors, magnetoresistive
ferromagnetic manganites and different buffer layers. Investigation of original physical
properties and application possibilities of these thin films was a main field of activity of the
laboratory in this period. The scientific problems, in which the team of the laboratory is
involved, remain actual and attractive nowadays as well because the new thin film materials
and structures are needed in electronics and spintronics.

References

1. V. Kovachev, M. Gospodinov, E. Vlachov, V. Lovchinov, P. Svestarov, K. Nenkov, A. Stoianova, D. Dimitrov, B.
Terziiska, S. Tinchev, M. Taslakov, T. Mydlarz, M. Czyczek, Superconductivity in Y-Ba-Cu-Ag-O and Y-Ba-Cu-Pt-O
systems, High-temperature superconductors symposium, Boston, MA, USA, 30 Nov.-4 Dec. 1987, Published: Mater. Res.
Soc., Pittsburg, PA, USA (1988) p. 659.

2. E. Gatef, E. Vlachov, V. Kovachev, S. Jambasov, S. Tinchev, M. Taslakov, Anomalous superconductivity in the system Y-
Ba-Cu-Ag-O, High-temperature superconductivity, The first two years. Proceedings of the Conference, Tuscaloosa, Al, USA,
11-13 April 1988, Ed. by R.M. Metzger, Gordon & Breach, New York (1988) p. 141.

3. I. Kostadinov, M. Mikhov, V. Hadjiev, M. Iliev, O. Petrov, M. Mateev, S. Tinchev, V. Kojucharov, T. Ivanov,
Investigations of the new high-temperature superconductor BiSrCaCuO, Physica C, 153-155 p. 627 (1988).

4. 1. Nedkov, Z. Ivanov, M. Taslakov, V. Kovachev, V. Lovchinov, On phase formation and superconducting transition in the
Bi-Sr-Ca-Cu-O system, Materials Letters, 8, p. 87 (1989).

5. I. Nedkov, I. Iliev, S. Tinchev, M. Taslakov, V. Kojucharov, Susceptibility of monovalent metal substituted high-T,
superconducting oxides, Superconductor Science and Technology, 1, p. 324 (1989).

6. 3. UBanoB, T. JlonueB, b. I'opanueB, T. Hypraaues, b. TogopoB, BeicokouacToTHOE MarHeTpOHHOE HaHECEHHUE TICHOK
BBICOKOTEMIIEPATYPHBIX CBepXIpOoBOAHUKOB Y-Ba-Cu-O, Bulgarian Journal of Physics 16, p. 281 (1989).

7. Z. Ivanov, T. Nurgaliev, T. Donchev, A. Chernakova, B. Todorov, Superconducting Bi-Sr-Ca-Cu-O films prepared by RF
magnetron sputtering, Modern Physics Letters B, 3, p. 785 (1989).

8. T. Nurgaliev, A. Spasov, V. Tsaneva, AC susceptibility - based evaluation of YBCO thin film parameters, Cryogenics, 33, p.
147 (1993).

9. T. Nurgaliev, V. Tsaneva, T. Donchev, Z. Barber, E. Tarte, M. Blamire, M. Hogg, J. Evetts, M. Taslakov, S. Miteva, A.
Spasov, G. Ovsyannikov, Z. Ivanov, H. Nilsson, Characterization of YBCO thin films for microwave application, Physica
C, 372-376, p. 546 (2002).

10. V. Tsaneva, T. Donchev, R. Tomov, D. Ouzunov, A. Veneva, T. Nurgaliev, Plasma optical emission studies of high-T
superconducting and buffer thin film physical vapour deposition, Vacuum, 48 (1997) 803.

11. T. Nurgaliev, T. Donchev, V. Tsaneva, S. Miteva, R. Chakalova, A. Spasov, A. Mashtakov, G. Ovsyannikov,
Investigation of current carrying and microwave characteristics of double-side YBCO thin films, Physica B, Condens
Matter, 284-288(1-4) 957-958 (2000).

12. T. Nurgaliev, T. Donchev, E. Mateev, S. Miteva, P. Mozhaev, J. Mozhaeva, Properties of HTS YBCO thin films deposited
on tilted NdGaOs; substrate, Physica C, 420(1-2) p. 61 (2005).

13. E. Vlakhov, R. Chakalov, R. Chakalova, K. Nenkov, K. Dorr, A. Handstein, K.-H. Miiller, Influence of the substrate on
growth and magnetoresistance of Laj7,Cay3;MnO, thin films deposited by magnetron sputtering, Journal of Applied Physics,
83, p. 2152 (1998).

104



2011 Dissemination and Development Physics and Mathematics on the Balkans

14

15

16

17

18

19

20

21

22

23

24

25
26

27

28

29
30

31

32

33

34

35

36

37

38

. V. Markovich, E. Vlakhov, Y. Yuzhelevskii, B. Blagoev, K. Nenkov, G. Gorodetsky, Electricaltransport and glassy
response in strained thin La,;Ca,;MnO; films, Physical Review B, 72, p. 134414 (2005).

. E. Vlakhov, B. Blagoev, E. Mateev, L. Neshkov, T. Nurgaliev, L. Lakov, K. Toncheva, Y. Marinov, K. Nenkov, L.
Radulov, K. Piotrovski, W. Paszkowicz, A. Szewczyk, M. Baran, Magnetron sputtering deposition and characterization of
GdMnO; thin films, Journal of Optoelectronic and Advanced Material, 9, p. 456 (2007).

. T. Donchev, V. Tsaneva, Z. Barber, T. Nurgaliev, L. Gravier, J. Ansermet, 1. Petrov, V. Petrova, Magnetic and electric properties of
magnetron-sputtered YBCO/LSMO and LSMO/YBCO double layers, Vacuum 76, p. 261 (2004).

. T. Nurgaliev, V. Strbik, S. Miteva, B. Blagoev, E. Mateev, L. Neshkov, S. Befiatka, S. Chromik, Electrical characteristics
of HTS/manganite double layers, Central European Journal of Physics, S, p. 637 (2007).

. V. Serbezov, S. Benacka, D. Hadjiev, P. Atanasov, N. Elektronov, V. Smatko, V. Strbik, Structure and superconducting
properties of YBa,Cu;0, films prepared by nitrogen lazer evaporation and CO, laser annealing in oxygen, Journal of
Applied Physics, 67, p. 6953 (1990).

. P. Atanasov, R. Tomov, V. Serbezov, Plasma assisted in-situ laser deposition of YBaCuO superconducting thin films with
laser heating and annealing, Vacuum, 46(12) p. 1215 (1994).

. Y. Gueorguiev, K. Vutova, G. Mladenov, Numerical modelling of the processes of exposure and development in electron
beam lithography on high-temperature superconductor thin film, Thin Solid Films, No. 323, p. 222 (1998).

. Y. Gueorguiev, K. Vutova, G. Mladenov, Analysis of the proximity function in electron-beam litography on high-Tc
superconducting thin films, Supercond. Sci. Technol., 9, p. 565 (1996).

. I. Nedkov, A. Veneva, S. Miteva, T. Nurgaliev, V. Lovchinov, Magnetic properties and surface resistance of Rb doped
YBCO ceramic IEEE Trans. Magn. 30, 1187-1189 (1994).

. T. Nurgaliev, S. Miteva, I. Nedkov, A. Veneva, M. Taslakov, Na-doping effect on magnetic properties of the YBSO
ceramics, Journal of Applied Physics, 76, p. 7118 (1994).

. 1. Dragieva, 1. Nedkov, Hydrogen in high-temperature superconducting ceramics, IEEE Transaction Magasine, 26(5), 1433-
1435 (1990).

. T. Nurgaliev, Theoretical study of superconducting film response to AC magnetic field, Physica C 249, p. 25 (1995).

. T. Nurgaliev, Investigation of the magnetic response of disk and square shaped superconducting films, 1997 IOP Publishing
Ltd, Inst. Phys. Conf. Ser. Ne 158 (1997) p. 801.

. T. Nurgaliev, Current distribution in HTS thin films induced by inhomogeneous magnetic field, Advances in Cryogenic
Engineering, v. 48B; AIP, Melville, New York, 2002, eds: B. Balachandran, D. Gubser, K. T., AIP Conference Proceedings
614 (2002) 452-458.

. T. Nurgaliev, S. Miteva, M. Taslakov, R. Chakalov, V. Tsaneva, A. Spasov, Comparison of three methods for contactless
measurement of the critical current density in superconducting films, 1995 IOP Publishing Ltd, Instz. Phys. Conf. Ser. Ne 148
(1995) p. 1075.

. S. Tinchev, High-Tc-SQUIDs with local oxygen-ion irradiated weak links, IEEE Trans. Appl. Supercond., 3, p. 28 (1993).

. M. Klinger, J. Hinken, S. Tinchev, First Space Test of High-T. SQUIDs, IEEE Trans. Appl. Superconductivity, S, p. 2759
(1995).

. Z. Ivanov, E. Stepantsov, T. Claeson, F. Wenger, S. Lin, N. Khare, P. Chaudari, Impact of the symmetry of
superconducting wave function on supercurrenttransport in YBCO Josephson junctions, Czech. Journal of Physics, 46,
suppl. S3, p. 1311 (1996).

. R. Unger, T. Scherer, W. Jutzi, Z. Ivanov, E. Stepantsov, YBCO Josephson Junctions on Bicrystalline NdGa0; Substrates,
Physica C, 241, p. 316 (1995).

. D. Ariosa, Th. Luthy, V. Tsaneva, B. Jeanneret, H. Beck, P. Martinoli, Superconductivity and quantum fluctuations in
HTS alloys and multilayers, Physica B, 194-196, p. 2371 (1994).

. T. Nurgaliev, R. Chakalov, Z. Ivanov, A. Spasov, Investigation of microwave current effect on parameters of YBCO films
in microstrip resonator structure, Physica C, 315, p. 71 (1999).

. T. Nurgaliev, R. Chakalov, T. Donchev, Z. Ivanov, A. Spasov, Microwave properties of YBCO thin films on YSZ
substrates in the coupled grain model approach, Physica C, 264, p. 195 (1996).

. T. Nurgaliev, R. Chakalov, R. Kojouharov, Z. Ivanov, A. Spasov, Microwave characteristics of YBCO microstrip
resonators on LaAlO substrate, ISEC'97, in: 6-th International Superconductive Electronics Conference, 25-28 June 1997,
Berlin, Germany; eds H. Koch and S. Knappe, Extended Abstracts-vol.3 (1997) 284-286.

. T. Nurgaliev, A. Purnell, X. Qi, A. Berenov, Y. Bugoslavsky, J. MacManus-Driscoll, L. Hao, J. Gallop, L. Cohen,
Investigation of microwave losses in superconducting LPE Y ;Ybg3Ba,Cu;107 5 films, Supercond. Sci. Technol., 16, 654—
665 (2003).

. S. Miteva, T. Nurgaliev, T. Donchev, C. Stevens, D. Edwards, Investigation of the transmission characteristics of clamped
together HTS-ferrite layers, JMMM, E1631, 272-276 (2004).

105



2011 Dissemination and Development Physics and Mathematics on the Balkans

39. R. Kojouharov, T. Nurgaliev, M. Taslakov, R. Chakalov, T. Donchev, A. Spasov, Z. Ivanov, 1. Angelov, L. G.
Johansson, E. Kolberg, T. Claeson, Proccedings of the 1996 IEEE International FREQUENCY CONTROL
SYMPOSIUM, IEEE Catalog No.96CH35935, Library of Congress No.87-654207 (1996) 767-771.

40. T. Nurgaliev, S. Miteva, A. Jenkins, D. Dew-Huges, Transmission characteristics of HTS microstrip resonators with a
ferrite component, IEEE Trans. Appl. Superconduct. 11, p. 446 (2001).

41. K. Grigorov, R. Chakalov, A. Spasov, A. Benhocine, D. Boucher, S. Karmanenko, A. Dedyk, Layered structures
HTSC/ferroelectric, prepared by sputtering, Journal de Physique IV(6) C3, p. 301 (1996).

42. T. Nurgaliev, R. Chakalov, Z. Ivanov, A. Spasov, Z. Wu, L. Davis, Characteristics of smooth and Periodic HTS Coplanar
resonators on Ferroelectric/Dielectric Substrates, IEEE Trans. Appl. Superconduct., 11, p. 4102 (2001).

43. T. Nurgaliev V. Demidov, A. Petrzhik, G. Ovsyannikov, S. Miteva, B. Blagoev, Microwave losses in ferromagnetic thin
LSMO films, J. Optoelectronic Adv. Mater., 10, p. 273 (2008).

44. L. Uspenskaya, T. Nurgaliev, S. Miteva, Magnetization reversal of thin Lay;Sry3;MnO; manganite films grown on LaAlO;,
Journal Physics D: Applied Physics 42, p. 185006 (2009).

45. T. Nurgaliev, Numerical investigation of the surface impedance of ferromagnetic manganite thin films, JMMM 320, p. 304
(2008).

46. T. Nurgaliev, Modeling of the microwave characteristics of layered superconductor/ferromagnetic structuces, Physica C 468,
p- 912 (2008).

47.T. Nurgaliev, E. Mateev, B. Blagoev, L. Neshkov, I. Nedkov, L. Uspenskaya, Effect of DC current injection on AC current
carrying ability of ring shaped HTS thin films, Physica C, 471, p. 577 (2011).

48. Annul Research reports of Institute of Electronics, Bulgarian Academy of Sciences, (1993 —2010).

106



