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Thematic focus of the Institute
The Institute focuses on current problems in solid-state
physics, information technology, microelectronics, and
electrical engineering. Our research falls into several,
mutually interconnected domains:
-

Study of selected theoretical problems of solidstate physics, aimed at potential applications in
modern
nanoelectronic
devices,
and
superconductivity;

-

Research of new materials and technologies for
information
technologies,
microelectronics,
electrical power devices;

-

Characterisation and application of new structures
for sensors and advanced microelectronic devices;

-

Applied superconductivity.

Our research is directed at challenging and cutting-edge
goals of basic and applied science. Its quality has
translated into achievements in publishing in international
scientific journals, citations, and involvement in domestic
and international research and technology development
(RTD) projects.
We published 154 papers in international scientific
journals in 2005 and 2006. The papers were cited by 663
publications according the Web of Science database.
During the period, we finalized projects under the 5th
Framework Programme and worked on six continuing
projects under the 6th Framework Programme. (Three of
them were Specific Targeted Research Projects, STREP).
One of the 5th Framework Programme projects, which
finished in 2005, was a Centre-of-Excellence project
entitled “Applied Superconductivity Training and
Research Advanced Centre” (ASTRA). The centre
organized interesting activities and events, such as the
exchange of experts, exchange of young researchers and
organisation of international seminars and workshops.
The centre constituted a Consulting Centre in Applied
Superconductivity
(http://www.astra.sav.sk/cs.html),
which continued working even after the ASTRA project
had finished. ASTRA continued indirectly via a Maria
Curie Training Network project entitled “NanoEngineering Superconductors for Power Applications”
(NESPA), started at the end of 2006. The NESPA project
involves 13 European partners.
In 2005, the Slovak Government commissioned the
Institute and other institutes of the Slovak Academy of
Sciences to work on a national governmental project
entitled “New materials and devices in sub-micrometer
technology”. The Institute was responsible for Part 02 of
the project, “Application of sub-micrometer technologies
to preparation of electronic, magnetic and electromechanical devices of new generation”. Teams from five

research departments of the Institute took part in the
project. Their work yielded new devices, such as quantum
structures for the quantum Hall effect, infrared quantumwell photodetectors, sub-micrometer micro-electromechanical systems, sub-micrometer Hall sensors, MOS
structures for sub-100 nm CMOS technology and submicrometer junctions for SQUIDs.
Since 2005, the Institute has held the title Centre of
Excellence of the Slovak Academy of Sciences in the
field of advanced devices in electronic and electrical
engineering (CENG). The Centre has co-operated with the
following partners: the Faculty of Electrical Engineering
and Information Technology of the Slovak University of
Technology; the Department of Physics and the Faculty of
Mathematics and Physics of Comenius University; the
Department of Experimental Physics. Work of the Centre
is directed mainly at:
Information technology,
Energetic and power engineering,
Development of new devices and sensors.
Activities of the Centre are detailed on its web-site:
http://www.ceng.sav.sk/. In 2006, they included a seminar
at which the most successful young researchers were
given awards for their work within the Centre. The Centre
has so far published more than 30 publications.
The Institute has received support from the European
Social Fund to help young researchers pursue their
research carriers under a project entitled “Educational
Centre of Information Technologies and Power
Engineering” from September 2005 until February 2008.
In 2005, five institutes of the Slovak Academy of
Sciences constituted a MULTIDISC consortium with the
aim to acquire and share sophisticated equipment and
devices. Members of the consortium are the Institute of
Physics, the Institute of Inorganic Chemistry, the Institute
of Materials and Machine Mechanics, the Institute of
Measurement Science and the Institute of Electrical
Engineering.
The MULTIDISC consortium obtained modern X-ray
Bruker AXS D8 Discover Super Speed diffraction system
with a rotating anode for 300 000 €. The diffractometer
enables to perform X-ray reflectivity measurements and
texture analyses. It is an excellent tool used to study very
thin (~ 10 nm) films in grazing incidence mode as well as
in high resolution mode.
Selected theoretical problems of solid-state physics
In the areas of solid-state and advanced microelectronic
devices physics, we theoretically analysed (1) transport
properties of weakly interacting electrons in one-
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dimensional mesoscopic wires; (2) persistent currents of
correlated electrons in continuous mesoscopic rings; and
(3) behaviour of inhomogeneous Schottky diodes.
New materials and technologies
The Institute intensively studied materials, namely AIII-BV
semiconductors, advanced microelectronics materials
(thin oxide films), superconducting materials (thin films,
composite
superconductors)
and
nano-structured
materials.
New AIII-BV semiconductor structures and devices were
prepared on planar and patterned substrates using
metalorganic chemical vapour deposition (MOCVD).
Wet-etch techniques were developed to prepare patterned
substrates that contained specific, three-dimensional
objects. The substrates were used as templates for
MOCVD overgrowth to form structures appropriate for
specialised
AIII-BV-based
micro-electro-mechanical
systems (MEMS). Such devices were produced using
unconventional, non-planar device processing techniques.
MOCVD was also used to prepare Mn-doped GaAs
layers, which were also characterized.
We also investigated thin (2 – 20 nm) dielectric and
metallic films, because of their potential application in
new
sub-65
nm
complementary
metal-oxidesemiconductor (CMOS) devices. We particularly studied
properties of thin dielectric films based on rare earth
oxides (Gd2O3, La2O3, Nd2O3 and Pr6O11) and Hf-based
oxide films. The films were prepared by metal organic
chemical vapour deposition.
The combination of AIII-BV-based microelectronic devices
with
functional
films,
such
as
oxide-based
superconductors, is attractive because it can give rise to
novel applications. However, to be able to grow an
oriented oxide film on an AIII-BV substrate, it is necessary
to deposit a suitable buffer film that would provide an
efficient diffusion barrier. We found that MgO is
particularly well suited for this purpose.
We also prepared superconducting films and composite
conductors and studied their properties. The analysis of
critical currents through an insulating barrier revealed 0
and π phase Josephson coupling in the Nb-Fe0.1Si0.9-Nb
junction with a tunnelling barrier formed by a
paramagnetic insulator. We successfully prepared thin
nanogranular MgB2 films on SiC buffered Si substrates.
The films exhibited transition to the superconducting state
at 37 K. We also improved the technology of thin Hg- and
Tl-based oxide films. We believe that thin Hg-based films
are promising for ultrafast photodetector applications.
MgB2 is a promising superconducting material also for
technical conductor applications. It may replace widely
used NbTi superconductors. Intensive work has been
going on to improve the properties of MgB2 wires to
make MgB2 suitable for technical applications.

4

We investigated the relationship between the structure,
mechanical and electrical properties of thin C-Ti
nanocomposite films. The films offer unique mechanical
and electrical properties. We concluded that their
electrical properties are correlated with the structure and
can give additional information on the nanocomposite
behaviour.
Advanced microelectronic structures and devices
Results obtained in materials research were used for the
design and development of new advanced structures and
devices that were further optimised for use in entire
electronic systems.
The new devices can be exemplified with the
micromachined GaAs thermal converter. This unique
device, whose operation is based on electro-thermal
conversion, can be incorporated in a number of various
MEMS devices, such as power sensors, gas sensors,
pressure sensors, and microactuators. As an innovation,
the design of GaN-based surface acoustic waves chemical
sensor was developed.
We analysed properties of the MOSFET gate stack with a
Ru gate electrode. The work function of the Ru gate
electrode was precisely determined, and we were able to
determine the electron energy band diagram of the
Ru/HfSiO/Si stack. The properties of the stack were
found to be stable under rapid thermal annealing up to
900 oC.
We made important progress in the formation of sharp
pyramidal objects and in the processing of devices on
such objects. The pyramids, formed by wet etching, were
used as templates to prepare active probes for scanning
probe microscopy. To process devices on the pyramidal
tips, conformal resist layers are necessary. Such layers
were deposited using a non-standard, “draping”
technique.
Local anodic oxidation was used to prepare high-energy
barriers on AIII-BV semiconductor ones, namely shallow
GaAs/AlxGa1-xAs/InGaP heterostructures. The barriers
were used to design and prepare mesoscopic devices
(quantum point contacts, quantum wires) on the
heterostructures. We showed that the width and the shape
of oxide lines observed in the experiments could be
controlled by the conductivity of the surface oxidized
layer.
Great efforts were devoted to the preparation and
characterisation of GaN-based high-electron-mobility
transistors with an insulating gate (HEMTs, called also
heterostructure-field-effect transistors, HFETs). The
devices based on AlGaN/GaN or InAlN/GaN
heterostructures and Al2O3 gate insulation showed gate
leakage currents several orders of magnitude lower than
those in classical transistors with the Schottky barrier gate
electrode. The devices exhibited the so-called current
collapse, i.e. a difference between the dc output transistor
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characteristics and the characteristics obtained in pulsed
mode. The current collapse has remained an open
problem.
Our study of semi-insulating AIII-BV semiconductors led
to the development of semi-insulating GaAs radiation
detectors. Progress in the preparation of the detectors
resulted in the performance improvement of an X-ray
scanner. The final goal was to develop a sensitive,
quantum X-CT (X-ray computer tomography) imaging
system. We also showed that the GaAs semi-insulating
sensors can be used for the detection of fast neutrons.
Neutron imaging has possible applications in petrology,
archaeology, the automotive industry, in the detection of
contraband substances, such as drugs, etc.

Applied superconductivity
Our superconductivity research was focused on the
development of technical high-Tc oxide superconductors
and the application of high-Tc superconductors for
laboratory use and energy transmission.

We developed techniques for the measurement of
magnetization distributions and transport currents in a
high-Tc DyBaCuO3 oxide tape superconductor. We were
able to visualise coupling current paths in striated
YBaCuO3-coated conductors using Hall probe mapping.
An improvement was achieved in the self-field critical
current of a high-Tc oxide-based Bi2Sr2Ca2Cu3O10
superconductor by wrapping the edges of the tape in a
ferromagnetic cover.
A study of alternative current losses in conductors and
pancake coils was also performed. Models of
superconducting magnets were constructed from Bi2223/Ag tapes (Pb-Bi-Sr-Ca-Cu-O) and MgB2
superconductors. An important achievement was achieved
in the design and construction of a Bi-2223/Ag cryogenfree superconducting magnet. A Hall probe measurement
system, developed at the Institute, was successfully used
to measure current distributions in superconducting
“Cable-in-Conduit Conductors” (CICC) for ITER
(International Thermonuclear Experimental Reactor)
magnets.

Summary of scientific Outputs

The most important results of our research were
published in international scientific journals. Figure 1
shows the number of publications per year published
since 2000, including the number of publications with
the first author from the Institute. In recent years, the
Institute has published 60 – 80 publications a year, which
seems to be at a saturation level. The statistics show that
we published on average nearly two publications per
research scientist a year.

citations from the Web of Science (WoS) database since
1999. Note that the citation statistics are issued with a
one-year-long delay. Number of citation in a particular
year includes responses to papers published over the
whole period before a given year. The number of citations
increased annually even though the annual publication
rate is saturated. We hope that this trend may reflect the
increasing quality and recognition of the scientific output
of the Institute.

120

WoS citations

WoS publications

The scientific significance of the publications is expressed
by their citation impact. Figure 2 depicts the number of
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Fig 1. Number of publications of the Institute in international
journals according to the Web of Science database.
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Fig 2. Number of citations of the Institute according to the Web
of Science database.
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PhD study at the Institute
The Institute is accredited in the following scientific areas
until 2010:
•

Physics of condensed matter and acoustics,

•

Theory of electrical engineering,

•

Electronics,

•

Electro technology and materials.

In 2005, a change in the legislation related to the PhD
education became effective. Since 2005 the Institute has
been accredited in new PhD study programmes:
•

Physics of condensed matter and acoustics,

•

Microelectronics,

•

Physical engineering.

The programmes are realised in co-operation with the
Faculty of Electrical Engineering and Information
Technology, Slovak University of Technology, (Dept. of
Microelectronics, Dept. of Physics), and the Faculty of
Mathematics and Physics, Comenius University, (Dept. of
Experimental Physics).
In 2005 and 2006, twelve PhD students were trained at
the Institute. Nine PhD students successfully defended
their PhD theses. One PhD study was realised “en cotutelle” under collaboration with the French CNRS
laboratory in Grenoble.
A PhD study should officially be completed within three
years. However, most of our PhD theses were
experimental works, which typically required more than
four years for completion.

Funding of Research
The Institute of Electrical Engineering is a contributionbased governmental research organisation. The
institutional contribution to the budget of the Institute was
mostly spent on personnel costs. The second part of the
budget was obtained from research grant agencies to fund
research projects. Our research work was supported
mainly by two national agencies: (1) the Slovak Academy
of Sciences grant agency - VEGA, and (2) the Slovak
Research and Development Agency grant agency APVV. In addition, important funding was obtained also
within the Framework Programme of the European
Commission.

institutional part from 2000 to 2006. The institutional
contribution to the budget increased especially from 2000
to 2003. The contribution then remained flat. Fortunately,
we increased the total budget of the Institute because our
projects were successful at obtaining resources from the
agencies and because the budget of the Slovak Research
and Development Agency had significantly increased
since 2002.
Fig. 4 shows the budget distribution in 2006. We were
able to balance the institutional contribution thanks to the
funding from the Slovak Research and Development
Agency and from the 6th Framework Programme.

budget [SKK]

Fig. 3 shows the development of the total budget and
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Conferences
In 2005, the Institute organized three international
scientific events:
14th International Workshop on Heterostructure
Technology, HETECH,
9th Workshop on Weak Superconductivity, WWS,
6th Autumn School on X-ray Scattering and Thin
Layers.
The HETECH workshop was held at the Congress Centre
of the Slovak Academy of Sciences (CC SAS) in
Smolenice Castle, Slovakia. The workshop brought
together scientists, engineers and post-graduate students
who specialize in heterostructures and related device
technologies as well as in microsystems, and nano- and
bio-technologies. Invited and contributed papers provided
detailed views on the latest results in the research fields.
The meeting gave young scientists an opportunity to
present their work as well as to initiate intensive and

fruitful discussions on the relevant topics. 72 participants
from 14 counties took part at the workshop.
The purpose of the Workshop on Weak Superconductivity
was the exchange of the newest results in the field of low
(LTS), medium (MTS) and high (HTS) temperature weak
superconductivity. The Conference was held in Bratislava
in September 2005. About 58 participants took part in the
conference.
The 6th Autumn School on X-ray Scattering and Thin
Layers was the 6 th in a row on the topic of high-resolution
X-ray measurements and interpretation of X-ray
scattering from thin films and surfaces. As in previous
years, graduate and post-graduate students and other
young scientists were called to present their actual and
often still unpublished results. The school was organized
at the Congress Centre of the Slovak Academy of
Sciences in Smolenice, Slovakia. About 71 participants
joined the autumn school.
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In 2005–2006, the activities of the group were focused
on two topics: 1) Theoretical investigation of persistent
currents in mesoscopic conducting rings; 2) Simulation of
statistical properties of various spin lattice models with
spin-spin interaction. The activities were performed
within the following projects: (I) “Electron-electron
interaction and coherent electron transport in mesoscopic
wires and rings”, supported by the Slovak grant agency
VEGA; (II) “Coherence, decoherence and disorder in
metallic and superconducting systems”, supported by the
Science and Technology Assistance Agency; (III)
“Quantum transport in mesoscopic conductors: manybody theory and experimental studies”, supported by
Deutsche Forschungsgemeinschaft; (IV) “Conductance of
disordered mesoscopic conductor obtained from manybody calculation of electronic structure” supported by the
European Commission within the 6th Framework
Programme.
We first summarise our activities in mesoscopic
transport. As is well known, the conduction electrons in
solids are characterized by their coherence length, mean
free path and Fermi wavelength. If the size of a solid is
smaller than the electron coherence length, the solid is
considered to be a mesoscopic system. Although such a
system still consists of a large number of atoms, its
macroscopic electrical properties (resistance and conductance) directly manifest quantum-mechanical laws typical
of the microscopic world of individual atoms and
molecules. In the past fifteen years, mesoscopic electron
transport was intensively studied in very thin conducting
wires shaped as circular rings with both wire ends tied to
each other. In such systems, the motion of electrons is
limited: Electrons are free to move only in the directions
along the ring circumference and are confined in the
perpendicular directions because of the ultra-small crosssection of the system, comparable with the Fermi
wavelength. If the ring circumference is shorter than the
coherence length, one refers to a mesoscopic ring. An
external magnetic flux applied through the opening of
such a ring gives rise, in analogy with the atomic
diamagnetic current, to a persistent equilibrium current
circulating around the ring circumference.
We looked into the persistent current of interacting
electrons in a one-dimensional, mesoscopic conducting
ring that contained a single impurity. We evaluated its
persistent current as functions of the ring circumference
L, barrier strength, etc. We accounted for the electronelectron interaction by means of three different methods:
the Hartree-Fock method, the method of exact
diagonalization and the quantum Monte Carlo method.
The exact diagonalization and quantum Monte Carlo
methods are fully correlated, many-particle approaches.
We found that both methods give essentially the same
results, with the asymptotic behaviour typical of the
Luttinger liquid. In particular, the impurity causes the
persistent current to decrease for large L following L-1-K/2,
where the power K depends only on the electron-electron
interaction and does not depend on the strength of the

impurity. The Hartree-Fock method was found to
reproduce the Luttinger liquid asymptotics in the limit of
weak electron-electron interaction.
We also calculated the persistent electron current in a
one-dimensional conducting ring with the onedimensional periodic potential applied along the ring
circumference. The periodic potential disturbs the free
electron motion along the ring and changes the parabolic
energy dispersion to a series of cosine-like energy bands
separated by energy gaps. However, the cosine-like bands
differ from the perfect cosine-shaped bands encountered
in the tight-binding model and in the lattice model with
nearest neighbour hopping. It is know that the persistent
current is zero in the lattice model if the cosine-shaped
band is fully filled. In our periodically modulated ring,
one deals with the energy bands that are not of perfect
cosine shape. As a result, a non-zero persistent current
occurs at full filling. We found that the persistent current
at full filling decays with increasing L exponentially.
Nevertheless, if the parameters of the ring are carefully
chosen and the periodic potential is designed with care,
one can achieve numerical values of the order of one
nano-Amper. This magnitude of the persistent current is
in principle experimentally measurable.
We finally calculated new features in the axial nextnearest-neighbour Ising model in two and three
dimensions by means of numerical algorithms “Density
Matrix Renormalization Group” and “Tensor Product
Variational Approach”, respectively. The model with
competing ferromagnetic and antiferromagnetic interactions realistically describes magnetically modulated
structures observed experimentally in CeSb. We also
proposed an initialization scheme for wave functions
written in a matrix product form in order to study finitesized three-dimensional models. Additionally, critical
properties of the symmetric vertex model in two
dimensions were studied.
Collaboration:
We co-operated with Thomas Schäpers from the
Institute of Thin Films and Interfaces (ISG),
Forschungszentrum, Jülich, Germany, with Luboš Mitaš
from the Department of Physics of the North Carolina
State University, with the group of Professor Nishino at
the Kobe University, Japan, and with Rene Derian from
the Institute of Physics of the Slovak Academy of
Sciences.
Martin Moško
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Transport properties of weakly interacting electrons in one-dimensional
mesoscopic wires and rings using Hartree-Fock approximation
R. Németh, A. Gendiar, M. Moško, and P. Vagner
A localized scatterer (e.g. a single defect) in onedimensional quantum wire in ballistic regime results in
violation of the conductance quantization regardless of
interaction amongst conducting electrons. Landauer
formula ascribes the transmission probability at Fermi
level to non-interacting electron gas [1]. On the other
hand, Luttinger liquid theory (full many-body approach)
for interacting electrons at low temperatures (or voltages)
states that the decay of the transmission probability with
respect to distance is governed by a power law with an
exponent depending on the electron-electron (e-e)
interaction term only [2]. Even within a Hartree-Fock
(HF) approximation and a weak e-e interaction, an
asymptotic algebraic decay of the conductance (which is
related to the transmission probability) as a function of
wire length was derived by Matveev et al. [3]. Their
method, a renormalization group (RG) analysis applied to
the Hartree-Fock equations, is believed to be valid beyond
HF approximation since it satisfies one of Luttinger liquid
features.
We have considered GaAs quantum wires of length L
of interacting spinless electrons. In order to avoid backscattering at the both ends of the wire, we assumed
adiabatically tapered connections. A single δ barrier was
placed in the center of the wire. Analogously, we
considered quantum rings of circumference L with a

Fig. 1. Conductance versus wire and ring lengths for various δ
barriers in the log-log scale: analytical results [3] (dashed
lines) are compared to our numerical data (solid lines) in the
quantum wires (black circles) and rings (white circles).
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constant magnetic flux threaded the wire opening with the
same scatterer in the middle. We computed persistent
current as the fist derivative of the total energy with
respect to the magnetic flux. In both systems (quantum
wires and rings), a short-range e-e interaction was taken
into account simulated by a continuous exponentially
decaying function. Physical meaning of such short-range
interaction potential is the screening. We solved the HF
equations by means of a self-consistent iterative
procedure with appropriately chosen boundary conditions.
Figure 1 shows length dependence of the conductance
of the wire in units of the transmission probability |tkF|2 as
well as the persistent current I (related to the conductance
through the relation LI ~ |tkF| [4]). Linear dependence of
both conductance and persistent current in the log-log plot
exhibits a scaling which is in good agreement with an
asymptotic solution of the RG theory proposed by
Matveev et al. [3]. Note that the stronger defect (scatterer)
assumed, the faster the asymptotic regime was reached.
Moreover, the identical numerical data for the
conductance in the wires (the black circles) and the
persistent current in the rings (the white circles) were
obtained [5–8].
We have additionally employed Quantum Monte
Carlo (QMC) simulations that fully describe correlated
solutions. The HF results for the quantum rings were used
for initialization of the Diffusion Monte Carlo
simulations. If weak e-e interactions and moderate
strengths of the δ barriers were considered, we found out
that QMC exhibited small quantitative differences in the
total energy and persistent currents if compared to the HF
results [9].
[1] Datta, S.: Electronic Transport in Mesoscopic Systems,
Cambridge University Press, Cambridge 1995.
[2] Kane, C.L. and Fisher, M.P.A.: Phys. Rev. Lett. 68 (1992)
1220.
[3] Matveev, K.A., Yue, D., and Glazman, L.I.: Phys Rev. Lett.
71 (1993) 3351.
[4] Gogolin, A.O. and Prokof’ev, N.V.: Phys. Rev. B 50 (1994)
4921.
[5] Gendiar, A., Moško, M., Vagner, P., and Németh, R.: Acta
Phys. Polonica A 108 (2005) 661.
[6] Németh, R. and Moško, M.: Acta Phys. Polonica A 108
(2005) 795.
[7] Gendiar, A., Moško, M., Vagner, P., and Németh, R.:
Physica E 34 (2006) 596.
[8] Moško, M., Vagner, P., Gendiar, A., and Németh, R.:
Physica B 378-380 (2006) 908.
[9] Vagner, P., Moško, M., Németh, R., Wagner, L., and Mitas,
L.: Physica E 32 (2006) 350.
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Persistent current of correlated electrons in a continuous mesoscopic ring
R. Krčmár, R. Németh, M. Moško, A. Gendiar, and P. Vagner

Magnetic flux applied through the opening of a
mesoscopic conducting ring gives rise to a persistent
electron current circulating along the ring. For noninteracting spinless electrons in a one-dimensional (1D)
ring containing a single scatterer with transmission
probability |t0,kF|2 << 1, the persistent current (I) depends
on the magnetic flux (φ) and ring length (L) as [1]
(1)
I = (evF / 2 L) t0,k sin (φ ′) ,
F

where φ ' ≡ 2πφ/φ0, h/e is the flux quantum, kF is the
Fermi wave vector, t0,kF is the electron transmission
amplitude across the scatterer at the Fermi level, and vF is
the Fermi velocity. For a spinless Luttinger liquid the
persistent current was shown [1] to follow the dependence
(2)
I ∝ L−α −1 sin(φ ′) ,
where the power α depends only on the electron-electron
(e-e) interaction, not on the strength of the scatterer.
Matveev et al. [2] studied the Landauer conductance
through a single scatterer in a 1D wire with contacts
assuming a weakly-interacting electron gas (α << 1).
They considered the electron-electron interaction of finite
range and studied its effect on the bare transmission
amplitude |t0,kF|. They derived the renormalized
transmission amplitude |tkF| by means of the
renormalization group (RG) method. In terms of the L
dependence and for spinless electrons, their result reads
α
(3)
t k = | t 0,k | / | r0 ,k | (d / L ) ,
F

(

F

F

model [1] that also assumes the e-e interaction of finite
range. We have solved the many-particle Schrödinger
equation for the continuous 1D ring with a single scatterer
and with several tens of electrons interacting through the
e-e interaction (5). The solution has been obtained by
means of the configuration interaction (CI) method and
by means of the diffusion Monte Carlo (DMC) method.
In Fig. 1 we present results for the GaAs ring with the
electron effective mass m = 0.067 m0, electron density
n = 5×107 m-1, interaction range d = 3 nm and the
interaction amplitude V0 varying from 11 to 68 meV. The
scatterer is modeled by a δ-shaped potential barrier with
transmission |t0,kF|2 = 0.03, because for the strong scatterer
(|t0,kF|2 << 1) the asymptotic behavior (2) is reachable for a
relatively small L. It can be seen that the CI and DMC
give essentially the same results. Both methods tend to
approach the asymptotic Luttinger liquid behavior, with
the power α given by the expression (4).
[1] Gogolin, A.O., et al.: Phys. Rev. B 50 (1994) 4921.
[2] Matveev, K.A., et al.: Phys Rev. Lett. 71 (1993) 3351.
[3] Meden, V., et al.: Phys. Rev. B 67 (2003) 035106.

)

where |r0,kF|2 = 1 – |t0,kF|2 is the bare reflection probability,
the power α is given by expression
(4)
α = [V (0) − V (2k F )]/( 2πhv F ) ,
V(q) is the Fourier transform of the pair e-e interaction
V(x-x’), and d is the spatial range of V(x-x’).
In a heuristic approach [1] one can obtain Eq. (2)
directly from Eq. (1), if one replaces the bare
transmission |t0,kF| by the renormalized transmission |tkF|.
One gets again Eq. (2), where the power α is now
expressed micro-scopically through the formula (4).
In Ref. 3 the spinless persistent current was calculated
microscopically by considering the electrons moving in a
discrete ring-shaped 1D lattice with nearest neighbor
hopping and e-e interaction. The lattice model was solved
by numerical RG methods and the dependence (2) has
been verified.
Also in this work we have studied the persistent
current in the 1D ring with a single scatterer. However,
we have considered the continuous model rather than the
lattice model. We have used the pair e-e interaction
− x − x′ / d
(5)
V ( x − x′) = V0 e
,
which emulates screening (e.g. by metallic gates) and
allows to compare our results with the correlated

Fig. 1. Log-log plot of the persistent current I (φ' = π/2) versus
the ring length L for the ring containing a single scatterer with
the bare transmission probability |t0,kF|2 = 0.03. The persistent
current is shown as LI normalized by evF /2. The bottom axis
shows the number of the electrons in the ring, the upper axis
shows the ring length. The full circles and diamonds are the
results of CI and DMC calculations, respectively. The dotted
line shows the asymptotic power law LI = c(L/d)-α of the
Luttinger liquid, which implies the dependence log(LI)
= log(c) –α log(L/d) in the log-log scale. Here, the power α is
calculated from the formula (4) and the constant log(c) is fitted
to connect the dependence log(c) -α log(L/d) and the DMC
data at the largest L.

13

Institute of Electrical Engineering
Department of Theory of Semiconductor Microstructures


One-dimensional ring with periodic potential: Persistent currents at full filling
R. Németh and M. Moško

We have calculated [1] the persistent current of
spinless electrons in the one-dimensional conducting ring
with a one-dimensional periodic potential applied along
the ring circumference. The periodic potential disturbs the
free electron motion along the ring and changes the
parabolic energy dispersion to a series of the cosine-like
energy bands separated by energy gaps. These cosine-like
bands nevertheless differ from the perfect cosine-shaped
bands encountered in the lattice model with nearestneighbor hopping or in the tight-binding model.
For a single cosine-like band partially filled by
electrons, we obtain the persistent current that decays
with the increasing ring circumference L asymptotically
like 1/L. The same asymptotic behavior is known to exist
in the lattice model with a partially filled cosine-shaped
band [2]. The 1/L decay is simply typical of the persistent
current in a ballistic conducting ring [3].
We point out that in the lattice model the persistent
current is zero if the cosine-shaped band is fully filled.
However, in our periodically modulated ring, we deal
with the energy bands which are not of the perfect cosine
shape. Due to this fact, we find at full filling a non-zero
persistent current. We find that the persistent current at

Fig. 1. Persistent current I(L) in the periodically modulated ring
at full filling. The ring is pierced by magnetic flux φ = 0.25 h/e.
The periodic potential, applied along the ring circumference,
consists of the identical δ-function-like potential barriers
parametrized by their transmission |tkF|2 (see the text). The
persistent current is normalized by the current in absence of the
periodic potential, I0 = evF/L, where vF is the Fermi velocity. We
show the absolute value of I/I0, because in such case the
currents for even and odd numbers of electrons lie on the same
curve. (The currents for even and odd numbers of electrons have
in fact the opposite signs.) Notice that the persistent current
decays with L exponentially. This exponential decay is faster for
strong δ-barriers (for small transmissions |tkF|2) and slower for
weak δ-barriers (for |tkF|2 approaching unity). The inset shows
in detail the result for the very weak δ-barriers.
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full filling decays with the increasing L exponentially.
Nevertheless, a carefull design of the periodic potential
and ring parameters allows us to achieve numerical values
of the order of one nanoamper, which might be
measurable experimentally. In summary, our results show
that a nonzero persistent current can arise also in the
energy band which is completly filled by electrons.
In Fig. 1 we present typical results for the onedimensional GaAs ring with the electron effective mass
m = 0.067 m0 and electron density n = 5×107 m-1. The
periodic potential consists of the identical δ-function-like
potential barriers, which are periodically repeated with a
period L0. The ring length L is kept to be an integer
multiple of L0. For the spinless electrons, the full filling of
the lowest energy band is achieved when L0 = 1/n. The δbarriers are parametrized by the parameter |tkF|2, which is
the electron transmission probability at the Fermi level for
a single δ-barrier in the infinite one-dimensional GaAs
wire with the same electron density as in the ring.
We have also considered [4] to observe the persist-ent
current in a ring-shaped sample of the crystalline insulator
such as, for instance, the intrinsic crystalline silicon or
intrinsic diamond crystal. In this case, of course, the
energy bands are produced by the three-dimensional
periodic potential of atoms, not by an external periodic
modulation. In principle, the electrons in the (completely
filled) valence band of such insulating ring must be
capable to carry the persistent current. The electrons
within the completely filled valence band cannot be
scattered by inelastic scattering processes because all
electron states are occupied. Due to this reason, such
electrons are inherently perfectly coherent as long as they
are not excited across the gap into the empty conduction
band. This might be the way how to get rid of
decoherence even at temperatures as high as the room
temperature. The preliminary considerations [4] on the
size of such persistent current show, that the persistent
current of the order of one nanoamper might be achieved
in a cylindrically shaped crystalline insulator at the
nanoscale reachable by present nanotechnologies. To
enhance the current, the ring geometry has to be
abandoned in favor of the cylindrical geometry in order to
compensate the exponential decay with the ring length.
[1]
[2]
[3]
[4]

Németh, R. and Moško, M.: submitted for publication.
Muller-Groeling, A., et al.: Phys. Rev. B 49 (1994) 4752.
Cheung, H.F., et al.: Phys. Rev. B 37 (1988) 6050.
Moško, M.: submitted for publication.

Institute of Electrical Engineering
Department of Theory of Semiconductor Microstructures


New modifications and applications of density matrix renormalization group
A. Gendiar

Magnetic properties in various solids are known to
originate from mutual spin interactions amongst atom
electrons. To understand this physics, several model
Hamiltonians have been proposed to mimic real magnetic
ordering, such as ferromagnets, antiferromagnets, paramagnets, ferrimagnets, including numerous spatially
modulated magnetic structures when imposed to external
magnetic field and/or finite temperature.
Our aim is to study theoretically these magnets on
spin lattice models in the thermodynamic limit as we are
primarily interested in the phase transitions (the size of
the lattice has to be large enough to describe real
magnets). We use numerical algorithm Density Matrix
Renormalization Group (DMRG) [1] which has been
developed to study one-dimensional quantum systems
yielding extremely accurate properties in thermal
equilibrium (the ground state as well as few excitations).
Modifications of DMRG to higher dimensions still remain
one of challenging tasks in future. Our current research is
also aimed to develop an appropriate algorithm based on
renormalization group ideas to solve systems in higher
dimensions.
Since 2000 several algorithms have been developed
and two of them, that we named the Tensor Product
Variational Approach (TPVA) and the Product Wave
Function Renormalization Group (PWFRG), have been
successfully applied to three-dimensional spin models
defined on a simple cubic lattice. Further improvements
of TPVA enabled us to study non-trivial phase transitions
in the models exhibiting competing interactions that
cannot be easily treated by standard methods.
We applied the TPVA method to the so-called Axial
Next-Nearest-Neighbor Ising (ANNNI) model. The phase
diagram consists of four areas: a ferromagnetic phase, a
paramagnetic phase, a commensurate phase, and a phase
with plentitudes of modulated structures. These properties
were observed, for instance, in CeSb or La6Ca8Cu24O41.
The model was found to result in the so-called devil’s
staircase structure as had been observed experimentally in
CeSb. Moreover, we have clarified a phase transition in
this model between the ferromagnet and the modulated
phases [2] since this problem has not been elucidated
satisfactory and it has been believed to be of the firstorder.
The mean-field behavior of TPVA in the vicinity of
the second-order phase transition was expected. However,
an appropriate treatment near criticality led to an accurate
determination of the magnetic critical exponent if
compared to the latest Monte Carlo simulations. This
result pushed us further and thus the TPVA has become
more efficient [3].

For a tutorial purpose, we suggested a way to observe
the so-called snapshot spin configurations as they are
known from Monte Carlo simulations. This modification
offered an easy way to reconstruct spin configurations by
means of Corner Transfer Matrix Renormalization Group
algorithm [4].
Vertex models involve more degrees of freedom than
classical spin models of the interaction round-a-face type.
We studied behavior of the spin expectation value near
the critical point for the symmetric vertex model [5]
possessing 10-configurational degrees of freedom.
The PWFRG algorithm has been designed to solve
numerically three-dimensional classical spin models in
the thermodynamic limit. In order to study systems of
finite size, an appropriate initialization is required. We
derived a prescription of how to construct an eigenfunction within a matrix product formulation [6].
A nontrivial magnetic modulation was experimentally
observed in La6Ca8Cu24O41 if temperature and pressure
vary. Competing ferromagnetic and antiferromagnetic
interactions are responsible for existence of a floating
incommensurate phase which is characteristic by its
periodic spin modulations. The two-dimensional ANNNI
model can realistically mimic these features. We have
investigated Kosterlitz-Thouless and Pokrovsky-Talapov
phase transitions in the ANNNI model and have
conjectured the nonexistence of the former one [7].
[1] White, S.R.: Phys. Rev. Lett. 69 (1992) 2863.
[2] Gendiar, A. and Nishino, T.: Phys. Rev. B 71 (2005)
024404.
[3] Gendiar, A., Nishino, T., and Derian, R.: Acta Phys. Slov. 55
(2005) 141.
[4] Ueda, K., Otani, R., Nishio, Y., Gendiar, A., and Nishino, T.:
J. Phys. Soc. Jpn. 74 (2005) 111.
[5] Ueda, K., Otani, R., Nishio, Y., Gendiar, A., and Nishino, T.:
J. Phys. Soc. Jpn. 74 (2005) 1871.
[6] Ueda, K., Nishino, T., Okunishi, K., Hieida, Y., Derian, R.,
and Gendiar, A.: J. Phys. Soc. Jpn. 75 (2005) 014003.
[7] Derian, R., Gendiar, A., and Nishino, T.: J. Phys. Soc. Jpn.
75 (2006) 114001.
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Our research work in 2005 – 2006 was mainly focused
on (1) Design and development of MEMS devices based
on GaAs and GaN heterostructures for a new generation
of chemical sensors; and (2) Numerical simulation of
inhomogeneous Schottky diodes (specific problems).
The first area was solved within the following four
projects:
1) “Micro(nano)electromechanical structures for
new generation of electronic, sensoric and
detection devices”, funded by the Slovak Grant
Agency for Science;
2) “Monolithically integrated microsystem for gas
detection based on GaAs micromechanical
structures”, funded by the Science and
Technology Assistance Agency;
3) “Monolithically
integrated
HEMT-SAW
chemical sensors based on AlGaN/GaN
piezoelectric material system”, a bilateral
Slovak-French project funded by the Science and
Research Assistance Agency;
4) “Electro-thermal
converter
monolithically
integrated with AlGaN/GaN based HEMT-SAW
chemical sensors”, a bilateral Czecho-Slovak
project funded by the Science and Research
Assistance Agency.
Work on the four projects involved the design,
sophisticated technology and study of operation of
advanced MEMS chemical sensor devices based on the
AlGaAs/GaAs and AlGaN/GaN piezoelectric material
systems.
Chemical sensors based on the MEMS design concept
may in principle constitute a new generation of devices
suitable for the multifunctional monitoring and detection
of gases and volatile toxic chemical substances. Such
sensors will be reliable and will exhibit high sensitivities
and selectivities and high rates of operation. Piezoelectric
and semiconducting properties of the AlGaAs/GaAs and
AlGaN/GaN systems enable to realize the design of the
MEMS sensors monolithically integrated with control
electronic circuits directly on the chip. The monolithic
integration makes it possible to miniaturize the detection
regions of the sensors. It will also widen their function
abilities and markedly lower the production costs.
The basic construction and electronic materials are
AlGaAs/GaAs
and
AlGaN/GaN
semiconductor
heterostructures, grown by MBE and MOCVD on GaAs
(AlGaAs/GaAs) and sapphire (AlGaN/GaN) substrates.
Specific (intrinsic), electro-physical and thermomechanical properties of the two types of heterostructure
are taken into account in the design of the sensors. We
have successfully solved the relevant technological
aspects. The sensors are fabricated on mechanically
supported and thermally insulating membrane structures
(suspended membrane islands), released by surface and
bulk micro-(nano)-patterning. The membrane structures
are designed to be fully compatible with active interdigitated electro-mechanical transducers and with micro(nano)-electronic quantum devices, such as the HEMTs.

Expertise acquired with the technology of the MEMS
chemical sensors, based on AlGaN/GaN micromechanical
structures (membranes, bridges, cantilevers), can be
applied further in the design of other multifunctional
sensors, exploiting new physical principles and
mechanisms of sensing, detection and actuation. The
sensors based on the AlGaN/GaN micromechanical
structures (cantilevers, membranes) compatible with
HEMT transistors can be used in automotive industry
(new generation of sensors of pressure, vibrations and
acceleration), surface microscopy (new cantilever-based
probes), metrology (new generation of sensors of
electrical power for the microwave and millimetre
frequency bands), as well as in satellite signal
transmission (passive micromechanical electronic devices
for the millimetre frequency band).
The other area of our work involved a study of the
intersection behaviour of Schottky diodes I-V curves. We
showed for both homogeneous and inhomogeneous
Schottky diodes that at high forward voltages the I-V
curves measured at different temperatures should intersect
and only then converge to the current value determined by
the structure series resistance.
We also studied I-V curves of Schottky diodes with a
variable series resistance arrangement. Interestingly, we
found for a special arrangement of the series resistance
that the dependence of the ideality factor may differ from
unity also for thermionic emission current mode.
The research staff of our department co-organized the
6th International Conference on Advanced Semiconductor
Devices and Microsystems – ASDAM 2006. It was held
at Smolenice Castle, Slovakia, on October 16 – 18, 2006.
The conference was devoted to the latest results of
research and development in the field of advanced
technology devices and microsystems.
A lot of research work at our department has been
done in collaboration with domestic and foreign institutes
and universities. This included co-operation with the
Electron Beam Lithography Department at the Institute of
Informatics (Bratislava),
the Department of Microelectronics, Slovak Technical University (Bratislava), the
International Laser Center (Bratislava), the TIMA
Laboratory in Grenoble, and the Department of
Microelectronics, Czech Technical University in Prague. I
would like to express gratitude to all our partners.
The contributions in this booklet are short reports on
our research performed within the main areas introduced
above. Most of them were partly published in journals and
at conferences.
Tibor Lalinský
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Micromachined GaAs based thermal converter for gas sensors
T. Lalinský, G. Vanko, Š. Haščík, and Ž. Mozolová

Metal oxide gas sensors generally work in high
temperature mode that is required for chemical reactions
to be performed between molecules of the specified gas
and the surface of sensing material. There is a low power
consumption required to obtain the operation
temperatures in the range of 200 to 500 °C. Likewise,
uniform temperature distribution in the active sensing
area is needed to ensure equal sensing properties of the
whole surface. Mechanical stability and integrity and a
fast thermal response belong to very important parameters
that can not also be neglected.
It will be shown in this work that all above mentioned
design rules of metal oxide gas sensors can be achieved
using GaAs based micromachined concept of thermal
converter. So, in this work we demonstrate, for the first
time the design, micromachining technology and
comprehensive electro-thermo-mechanical performance
analysis of GaAs based micromechanical thermal
converter (MTC) device to be applied for gas sensing.
Figure 1 shows a real view of fabricated GaAs based
MTC device. It consists of Ti/Pt resistor as a heater and
Ti/Ni meander-like thin film as a temperature sensor. The
both devices are integrated on thermally isolated 2 µmthick AlGaAs/GaAs island structure suspended using the
four cross-bridges.
To fabricate MTC, the front-side processing
technology of the micro-heater and temperature sensor
must be combined with surface and bulk micromachining
of GaAs. As a rule, GaAs micromachining technology
should be fully compatible with the processing
technology of integrated microelectronics devices.
Basically, the process flow is divided into two steps
involving a front-side processing of the micro-heater and
temperature sensor followed by a surface micromachining
of the suspended island structure, and a back-side bulk

micromachining of a GaAs substrate [1].
An electro-thermal conversion in the MTC device was
investigated. Figure 2 shows so called power to
temperature (P-T) conversion characteristic that can be
used to evaluate the conversion efficiency of the MTC
device.
As we can see there is some discrepancy from a
straight line observed. After fitting the measured data by a
quadratic polynomial regression (T = 305.23 + 10.297P +
0.262P2) it is clear that thermal resistance Rth defined as
∂T/∂P increases with the power dissipation (temperature
increase). At power dissipation about 20 mW it achieves
the value almost 21 K/mW. So, the temperature increase
in the sensor active area on the level of 600 K (predicted
operating temperature of gas sensor) can be achieved by
the power dissipation lower than 20 mW.
A simple analytical thermal modeling of the MTC
device was introduced. It enabled to estimate thermal time
constant (τ ~ 1.5 ms) as verified by the mechanical time
response measurements using laser doppler vibrometry
method [2].
3D thermal simulation of the device was also
performed [3]. It revealed uniform temperature
distribution in the active gas sensitive area of the device.
It supported also high conversion efficiency and short
thermal time constant as evaluated by the experiment.
The processing technology of gas sensors based on the
MTC device analysed is in progress.
[1] Haščík, Š., Hotový, I., Lalinský, T., Vanko, G., Reháček, V.,
and Mozolová, Ž.: to be published in Vacuum (2007).
[2] Držík, M., Chlpík, J., and Lalinský, T.: to be published in
Microelectronics Journal (2007).
[3] Lalinský, T., Držík, M., Jakovenko, J., Vanko, G., Mozolová,
Ž., Haščík, Š., Chlpík, J., Hotový, I., Kostič, I., Matay, L.,
and Husák, M.: Proc. of the MME 2006, Southampton, 3 – 5
Sep. 2006, p. 113.
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Fig. 1. A real view of fabricated MTC device.
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GaN based SAW chemical sensors
T. Lalinský, G. Vanko, Ž. Mozolová, and Š. Haščík

In this contribution, we present the design and
technology of SAW (Surface Acoustic Wave) chemical
sensors based on GaN piezoelectric thin films grown by
metal organic chemical vapour deposition (MOCVD) on
sapphire substrate. These sensors can be used for
identifying environmental contaminants and chemical or
biological agents in large applications scale. We describe
the design of the acoustic part of the sensor including the
structure for the generation and reception of the surface
acoustic wave and the chemoselective coating made of
gold to be proposed for detection of gaseous mercury. We
demonstrate the process technology and preliminary
performance analysis of the device operating at the
frequency of 250 MHz.
We have designed 2 µm-thick undoped GaN buffer
layer preferentially grown by MOCVD on the sapphire
substrate to form the basic SAW propagation media of the
chemical sensors [1]. The GaN buffer layer was designed
to form AlGaN/GaN heterostructure that defines a twodimensional electron gas (2 DEG) of HEMT structure to
be monolithically integrated with the SAW chemical
sensors. A schematic cross-section through the SAW
chemical sensors is shown in Fig. 1.
It consists of input and output inter-digital transducers
(IDTs) as acoustic part of the sensor and thin chemical
absorbing layer coated between them. To identify the
mercury vapours, absorbing layer such as Au was
patterned. IDTs consist of a set of closely spaced metal
electrodes deposited on the GaN buffer layer of HEMT
structures.
The metallic system based on Ti/Al (20 nm/150 nm)
was used to define interdigital electrodes of IDT. To
fabricate the IDTs, Ti and Al metals were deposited by
electron-beam evaporation and Au layer was deposited by
the conventional resistance evaporation through the
patterned photoresist mask.
A lift-off technique was used to form the eighty pairs
of fingers of the IDTs. The width and spacing between the
interdigital fingers were designed to be 5 µm. To define
precisely the acoustic wave propagation part of the
sensors a deep “MESA” etching of GaN buffer layers was
Input IDTs

Absorbing layer
(gold)

performed afterwards. It followed the topology of IDT
acoustic part from the both sides. Both ion beam and
reactive ion etching methods were applied to etch 2 µmthick buffer layers through the photoresist mask up to the
sapphire substrate.
Scanning electron microscopy (SEM) images of
patterned fingers of IDT are shown in Fig. 2.
The basic dc electrical characterization of both GaAs
and GaN based interdigital finger structures was
performed at room temperature. Because the interdigital
structures in principle represent two reverse-biased
Schottky contacts, a symmetrical behaviour in the
current - voltage (I-V) characteristics was observed. The
saturation currents in the reverse I-V characteristics of
GaN based IDT structures were found to be in the orders
of 10-6 – 10-5 A.
The measurement of the sensor transfer characteristics
was performed in the test setup using Network Analyzer
HP 8753C. The module of the S21 parameter obtained
from the measurement is shown in Fig. 3. The obtained
centre frequency of 243 MHz and bandwidth of 4 MHz
are in good agreement with the simulation results [2].
This work was supported by the Slovak-French
project SK-FR-01906.
[1] Rufer, L., Lalinský, T., Grobelný, D., Mir, S., Vanko, G.,
Őszi, Zs., Mozolová, Ž., and Greguš, J.: Proc. of the
ASDAM 2006 Conference, Smolenice, Slovakia, 16 – 18 Oct.
2006, p. 165.
[2] Rufer, L., Torres, A., Mir, S., Alam, M.O., Lalinský, T., and
Chan, I.C.: Proc. of the EMAP 2005 Conference, Tokyo,
Japan, 11 – 14 Dec. 2005, p. 204.

Fig. 2. SEM images of patterned fingers of IDT.

Output IDTs

GaN buffer layer (2 µm)
AlN nucleation layer

Sapphire (300 µm)
Fig. 1. A schematic cross-section through SAW chemical
sensors.

Fig. 3. Measured transfer characteristic of GaN based IDT.
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Nb-Ti/Al/Ni/Au based ohmic contacts to AlGaN/GaN
G. Vanko, T. Lalinský, Ž. Mozolová, and Š. Haščík

The three different ohmic contact systems were
prepared. The first one (A) consisted of the conventional
ohmic contact based on Ti(20 nm)/Al(100 nm)/Ni(40 nm)/
Au(50 nm) metallic system. In the next two ohmic
contacts (B, C) a thin interfacial Nb layer of the thickness
of 10 nm (B) and 20 nm (C) was placed as the first layer
in contact with AlGaN barrier layer. Deposition of Nb, Ti,
Al, Ni contact metals was performed by electron-beam
evaporation, while Au was deposited by the conventional
resistance evaporation. The temperature of the sample
holder during the evaporation was kept lower than 350 K.
The pressure in the cryogen pumping vacuum system
during the evaporation was lower than 10-5 Pa. A lift-off
technique was used to form the circular shaped metallic
systems in order to use the circular transfer length method
(CTLM) to determine the contact parameters. The
circularly patterned contact systems were formed by using
the rapid thermal annealing (RTA) in flow of pure
nitrogen as a forming gas for 35 s.
We used the CTLM method for electrical
characterization of the fabricated circular ohmic contact
systems. We have proposed the CTLM structures of the
inner ring radii 200 µm and gaps 5, 10, 15, 25, 35, and
45 µm. The ohmic contact parameters such as sheet
resistance RSH, contact transfer length LT and contact
resistivity RC were extracted by fitting the measured total
resistance R between the contacts. The sheet resistance
underneath the contacts was assumed to be equal to the
sheet resistance RSH between the contacts. Figure 1a
shows the typical behavior of the extracted RC values as a
function of annealing temperature for the three ohmic
contact systems analyzed. We have investigated the
changes in the minimal values of the contact resistivity RC
in dependence on the optimal annealing temperatures. The

patterns with ohmic contact systems (A, B, C) were
treated at different annealing temperatures and measured
by CTLM method. As shown in the Fig. 1a, the adding of
a thin Nb layer to the interface leads to the significant
lowering in the minimal values of the contact resistivity
RC.
We used depth profiling techniques such as Auger
Electron Spectroscopy and Secondary Ion Mass
Spectroscopy (SIMS) to explain the improved ohmic
contact behavior while the emphasize was given to detect
metal nitride phases created on the interface after optimal
annealing. SIMS depth profile of the annealed contact
shown in Fig. 1b clearly reveals the formation of nitrides
such as AlN, TiN, NbN and NiN on the interface.
However, the influence of the NiN phase seems to be
neglected. We predict the dominant influence of
interfacial NbN phase in forming of the ohmic contact
with a low or thin potential barrier on the interface. This
was partly confirmed by measuring of current-voltage
characteristics of the ohmic contacts at wide temperature
range up to the temperature of liquid nitrogen (T = 77 K).
The tunnelling field emission was found to be the
dominant transport mechanism in the ohmic contacts.
This work has been supported in part by VEGA
Projects 2/6097/26, bilateral projects SK-CZ-09506 and
SK-FR-01906 and also by Project APVV-51-040605.
[1] Vanko, G., Lalinský, T., Mozolová, Ž., Liday, J., Vogrinčič,
P., Vincze, A., Uherek, F., Haščík, Š., and Kostič, I.: to be
published in Vacuum (2007).
[2] Lalinský, T., Vanko, G., Mozolová, Ž., Liday, J.,Vogrinčič,
P., Vincze, A., Uherek, F., Haščík, Š., and Kostič, I.: Proc.
of the ASDAM 2006 Conference, Smolenice, Slovakia, 2006,
p. 151.
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Fig. 1. Contact resistivity RC as a function of annealing temperature (a), and SIMS depth profile of formed metal nitride phases after
optimal annealing 800 °C / 35 s (b).
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Influence of current spreading on the apparent barrier parameters of
inhomogeneous Schottky diodes
J. Osvald

I=

∫ AA * *T
0

ρ (φ ) exp(−qϕ / kT )
× {exp[q (V − RI ) / kT ] − 1}dϕ .
2

(1)

If there is no current spreading in the substrate, one has
a set of diodes with their series resistance connected in
parallel as a whole. The expression for the total current
flowing through the diode for a given voltage now reads
2ϕ

I=

∫ Aρ (ϕ ) j (ϕ )dϕ

(2)

0

with

j (ϕ ) = A * *T 2 exp(− qϕ / kT )
× {exp[q(V − rj (ϕ )) / kT ] − 1}.

(3)

The integration limits are chosen to reach the double of
the mean barrier height.
From the point of view of experimental practice the
most interesting is the general case which is
simultaneously the closest to the real structures. Part of
the series resistance pertains to the particular small diodes
r = RPA and a second part of the resistance RC belongs to
the region in which the total current is already
homogeneous and is common to all particular diodes. The

j (ϕ ) = A * *T 2 exp(−qϕ / kT ){exp[q(V − rj (ϕ )
2ϕ

(4)

− R ∫ Aj (ϕ ) ρ (ϕ )dϕ ) / kT ] − 1}
0

and the expression for the whole current flowing through
the diode is
2ϕ

I =

∫ AA * *T

2

ρ (ϕ ) exp( − q ϕ / kT )

(5)

0

× {exp[ q (V − rj (ϕ ) − RI ) / kT ] − 1}d ϕ .
This contribution shows that for the case of an
inhomogeneous barrier the ideality factor of a diode can
also increase due to an outer factor, such as the series
resistance [3]. We explained the important role of the
current spreading in the Schottky barrier apparent barrier
parameters evaluation. If there is a complete current
spreading in the semiconductor the diode ideality factor
remains unity and the extracted series resistance of the
diode is also the true and correct one. The only apparent
parameter in this case is the barrier height. On the other
hand, imperfect current spreading in the semiconductor
causes the ideality factor deviate from unity, and the
series resistance extracted from the curve is also only an
apparent one. In this case all the three parameters
extracted have apparent character.
[1] Chand, S.: Semicond. Sci. Technol. 19 (2004) 82.
[2] Osvald, J.: Semicond. Sci. Technol. 18 (2003) L24.
[3] Osvald, J.: J. Appl. Phys. 99 (2006) 03398.

10

-1

10

-2

-2

2ϕ
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following manner
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The inhomogeneity of the Schottky barrier height is
a phenomenon which is expected to be the reason for
many discrepancies observed between the theory of metal
semiconductor contacts and experimental results [1]. The
first of them is the difference between the barrier heights
calculated from current-voltage (I-V) and capacinacevoltage (C-V) curves. At low temperature the lower
barrier patches carry a larger fraction of the current. The
resulting apparent barrier height is lower than the barrier
height from the C-V measurement. Another example of
disagreement between the theory and the experiment is
the temperature dependence of the barrier height and the
ideality factor of the diodes.
The shape of I-V curves is influenced also by the
series resistance. For a sharp barrier height the value of
the series resistance can be relatively easily extracted
from an I-V curve. The situation is much more
complicated for inhomogeneous diodes. The single
particular diodes from the barrier height distribution
(BHD) are closed by the series resistance with increasing
forward voltage. The diode patches with the smallest
barrier height are influenced already in reverse bias.
We shall further assume that the inhomogeneity of a
diode may be described by a Gaussian BHD. The current
for the diodes with the total current spreading can then be
calculated by the expression [2]

R = 2Ω

10

-3

10

-4

10

-5

no spread
σ = 0.02 V
σ = 0.04 V
σ = 0.08 V
full spread
σ = 0.02 V
σ = 0.04 V
σ = 0.08 V

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

0.8

Voltage (V)

Fig. 1. Simulated I-V curves with a variable standard
deviation of the BHD, the mean barrier height ϕ = 0.7 V.
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Series resistance influence on intersecting behaviour of inhomogeneous Schottky
diodes I-V curves
J. Osvald

22

I=

∫ Aρ (ϕ ) j(ϕ )dϕ

(3)

0

with
 qϕ   q[V − rj (ϕ )]   ,
(4)
j (ϕ ) = A * *T 2 exp −
exp
 − 1
kT
 kT  

where j(φ) is the barrier height dependent current density
and ρ(φ) is the probability density function of the
Gaussian barrier height distribution. The integration limits
are taken twice the mean barrier height. This case is
probably not analytically solvable.
Our results [3] offer also the explanation why there is
only a small probability to observe the I-V curve
intersection in the experiment. The reason may be the fact
that in real inhomogeneous diodes the series resistance
cannot be represented only by the single common series
resistance, but its part must be considered in the
equivalent scheme as pertaining to the single particular
diodes. Hence, the most realistic scheme assumes that
every particular diode has its own series resistance
connected with the limited current spreading and there is
also some common series resistance. The required value
of the series resistance necessary to observe intersection
point is then again very low as in non-interacting
inhomogeneous diodes.
[1] Chand, S.: Semicond. Sci. Technol. 19 (2004) 82.
[2] Chand, S.: Appl. Surf. Sci. 252 (2005) 358.
[3] Osvald, J.: Solid-St. Electron. 50 (2006) 110.
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Using equation (1) for I we arrive at the expression for the
voltage where the temperature derivative of the current is
zero
2kT
σ 2q
σq
(2)
+ϕ −
+ RAA * *T 2e 2 exp[ −( ) 2 ] .
Vi =
kT
q
kT
Looking at Eq. (2) we see that this voltage decreases
with increasing standard deviation through the member
σ2q/kT and the dependence on the series resistance is also
diminished by the factor exp[-(σq/kT)2]. That is why the
intersection point for inhomogeneous diodes remains in
the voltage region where the I-V curves are commonly
measured also for higher series resistances. The general
dependence of the intersection voltage on the temperature
and the series resistance for the same GaAs diode with the
mean barrier height ϕ = 0.7 V and the standard deviation
of the barrier height distribution σ = 0.06 V is in Fig. 1. In
the second limiting case of the series resistance
distribution in inhomogeneous diodes we assume that the
small diodes are completely independent and noninteracting. This case has been already analysed
numerically [2]. The whole current of the diode is the sum
of the currents of particular diodes that form the
inhomogeneous diode. The total current flowing through
the diode may be expressed now as

2ϕ

ge (V)
Intersection volta

The temperature dependence of the Schottky diodes
current-voltage (I-V) curves is a topic that is still
intensively studied. Recently a possibility of the
intersection of Schottky diodes I-V curves measured at the
different temperatures was discussed [1]. This effect is
rather unexpected and seems to be in contradiction with
the thermionic concept of the current transport. It was
shown that the I-V curves of inhomogeneous Schottky
diodes for the different temperatures generated with a
series resistance common to all particular small diodes
forming the inhomogeneous diode intersect at low
temperatures [2]. Chand [1] found out that the voltage for
which the temperature derivative of the current equals to
zero has a special meaning – he named it „intersection
voltage“. For higher voltages than the „intersection
voltage“ we may always find two different temperatures
for which the same current is flowing through the diode.
Let us now study the inhomogeneous diode with the
common series resistance. We shall study the voltage
region V >> 3kT/q. The current flowing through the diode
will be



σ 2q 
 / kT 
I = AA * *T 2 exp  − q  ϕ −
2 kT 

(1)



Fig. 1. The dependence of the voltage Vi for GaAs
inhomogeneous diode on the series resistance and temperature.
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The research activities of the department are interdisciplinary. They cover semiconductor materials science,
technology, applied physics and applications:
(i) Diagnostic of key physical parameters of
semiconductor materials – mainly those of GaAs and InP.
Various measurement techniques are used to evaluate
their conductivity, Hall mobility, magnetoresistance, I-V
and C-V characteristics. The department also uses other
techniques, such as DLTS, Admittance Transient
Spectroscopy, High Resolution X-ray Diffraction and
Topography, EBIC, SEM, and AFM;
(ii) Study of physical problems related to the
development of III-V radiation and particle detectors.
They include the transport of charge carriers, deep-level
(radiation induced) defects, and electric field distribution;
(iii) Development of technologies of III-V particle,
X-ray and neutron detectors and fast photo- and optodevices. The technologies include the preparation of
contacts (Schottky, injecting, ohmic), optimization of
device topology, and treatment of interface and surface
passivation. The detection properties of devices fabricated
are tested using sources of α-particles, X- and gamma
rays and neutrons (fast and thermal);
(iv) We develop new generation radiology
instrumentation for X-ray digital imaging, focusing on
single photon counting (“quantum”) and “colour” imaging
(separation in energy) techniques. We develop systems
suitable for the detection of X- and gamma rays and
neutrons emitted by hot plasmas (tokamak);
(v) Investigation of X-ray diffraction and
development of devices for X-ray optics;
(vi) We also study special plasma technologies and
related phenomena. The technologies are developed for
sensors application (e.g. SiC) and devices passivation.
The department (staff of 8 people) is mainly focused
on the development, fabrication and application of
semiconductor devices suitable for small-scale
fabrication. We use the unique III-V technology facilities
of the Institute based in the town of Piešťany (80 km from
Bratislava).
The key activities during 2005 and 2006 included:
Basic research projects:
(1) “Investigation of technology, physical and
detection performances of X- and gamma ray InP-based
detectors” (principal investigator - F. Dubecký). The
project was financed by the Grant Agency for Science
(GAS) (No. 2/4151/04).
(2) “Nanocrystallic thin layer structures for sensorics
and microsystem techniques” (principal investigator
I. Hotový (SUT)). The project was financed by the GAS
(No. 1/3095/05).
Application research project
(3) “A new generation digital radiology system kit”
(principal investigator J. Mudroň). The project was financed by the Slovak Grant Agency (No. APVV-99-P06305).
International research projects
(4) “Monolithic X-ray optics based on multiple
successive diffraction” (principal investigator -

D. Korytár). The project was financed under a COST
programme No. P7 (X-ray and Neutron Optics).
(5) “Applications of semiconductor single crystals
for X-ray optics, monolithic X-ray detectors and high
efficiency solar cells” (coordinators: F. Dubecký (SK) and
C. Ferrari (I); a bilateral collaboration project IEE SASIMEM CNR;
(6) “Semiconductor detectors for diagnostics of hot
plasmas” (coordinators F. Dubecký (SK) and M. Scholz
(P)). A bilateral collaboration project between the IEE
SAS and the IPPLM.
Activities of the department within the
EUROATOM/EC are in progress.
The technology equipment, used for the fabrication
of devices as small as 1 µm, is situated in a 100&1000
clean room (225 m2). It consists of an automatic contact
lithography aligner, a projection lithography system, a
wet-chemical treatment line, a BALZERS UMS 500 UHV
evaporation system, a BALZERS BAS 450 magnetron
and reactive sputtering apparatus, an annealing furnace,
SECON XPD200 dry plasma equipment for the
deposition of dielectric layers, and a SECON XPL 200P
reactive ion etching system.
The key electronic testing equipment includes: an HP
4192A PC-controlled low-frequency impedance analyzer,
a DLS 82 PC-controlled deep-level spectrometer, an
automatic test system (AVT 110) with 50 controlled
needle probes, an X-ray diffractometer with a monolithic
four-fold monochromator and attachments for the Lang
and double crystal topography, an automatic I-V
measurement system (D/S Lab, Ltd.) up to 1 kV, and an
HP 54600 two-channel digital oscilloscope. The recentlyobtained microfocus X-ray source Hamamatsu, type 80
kV L6731, is used for X-ray digital non-destructive
evaluation, e.g. CT in micro-scale resolution (≈ 10 µm).
The department organized the 7th International
Autumn School on X-Ray Scattering from Surfaces and
Thin Layers (IASXSS), Smolenice 2005. It also
participated in preparing the programme of the 6th
ASDAM’06 International Conference (Advanced
Semiconductor Devices and Microsystems), held in
Smolenice in October 2006. We have started the
organization of the 8th IASXSS (Smolenice, September
2007) and also participate in the organization of the
important
international
conference,
SIMC-XIV
(University of Arkansas, Fayetteville, USA, May 2007).
Our research is based on long-term, fruitful
collaboration with many research groups in Slovakia and
abroad (e.g. INFN and University of Florence, IMEMCNR, Parma, both in Italy, Institute of Radio Engineering
and Electronics and Institute of Physics, Czech Academy
of Sciences, Prague, Czech Technical University in
Prague, Czech Republic, and Institute of Plasma Physics
and Laser Microfussion, Warsaw, Poland).
František Dubecký
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Imaging performance study of the quantum digital X-ray scanner
B. Zaťko and F. Dubecký

Digital X-ray radiography is a modern technique
which provides higher sensitivity, better resolution in
contrast, density profile identifying in comparison with
the standard film X-ray imaging [1]. The most important
feature is ability of detection of single photons and
determination of their energy. This new features can be
utilized in various applications, e.g. health service, online process control, non-destructive material evaluation
and security systems. Semi-insulating (SI) GaAs is one of
the most important candidates for fabrication of
semiconductor X- and γ-ray detectors applicable in digital
radiology instrumentations [2].
We continued in improvement of developed digital
quantum X-ray scanner based on a monolithic line array
of SI GaAs strip detectors [3, 4]. The step of its detection
unit was refined. Now we can take images using three
various steps: 254, 169 or 85 µm. The resolution in
direction of detector line is 250 µm (pitch of detectors).
Maximum pixel resolution of images reaches 564 × 408
pixels. Comparison of X-ray images taken with 254 µm
and 85 µm line steps is shown in Fig. 1. Spatial resolution
of bottom image in y direction is visible improved, about
3 times better then previous in x direction.
Figure 2 shows the image of mouse observed with
85 µm step of the detection unit. High voltage of X-ray
tube was 40 keV at 5 mA current. We measured also the
background image (so-called fixed pattern noise) using
the same conditions, but the subtraction of X-ray source
inhomogenity is not sufficiently exact. Another problem,

which can not be neglected, is connected with using a
polychromatic X-ray source and change of incident angle
to detectors during the moving of detection unit on its
trajectory.
Basic problem of the digital X-ray scanner is
connected with the fixed X-ray source. The best solution
is interconnection of X-ray source with step-by-step
movement of the detection unit. As was mentioned above,
the using of polychromatic X-ray source give rise to
brighter and darker stripes in the final image. One
problem is related with a construction of line detection
system, which consists of 20 elements containing 24 strip
line detectors. Each element is glued to aluminium (Al)
holder. Because it is necessary to keep a blank space
between each element, strip line detectors are placed on
both side of Al holder to avoid dead area. This caused
undesirable shielding of X-rays, when the detection unit
is located in the left or right side from the centre where
photons impinge vertically. This is not a serious problem
after using monochromatic X-ray, but the X-ray tube
produces polychromatic radiation and each wavelength
has different absorption coefficient. Due to this X-ray
spectrum is changed always when passing through an
object. Shielding of Al holder causes the unwanted
change of X-ray spectrum and also counting rate of strip
detector. However, this problem can be reduced by
considering specific absorption curve of X-ray spectrum
into image correction. In addition, it is important to
prevent vibrations of detection unit during scanning
operation (or motion of detection unit) because this can
give rise to undesirable fluctuation of total counts number
of strip detectors.
The work was supported by the Agency for Promotion
Research and Development No. APVV-99-P06305.
[1]
[2]
[3]
[4]

Fig. 1. Comparisom of the X-ray images of various objects
using 254 µm (up) and 85 µm (down) steps. The improvement
in spatial resolution is clearly visible.
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Mikulec, B.: Nucl. Instr. Meth. A 510 (2001) 1.
Beruccio, G., et al.: Nucl. Instr. Meth. A 410 (1998) 29.
Dubecký, F., et al.: Nucl. Instr. Meth. A 531 (2004) 282.
Zaťko, B., et al.: Nucl. Instr. Meth. A (2007) in print.

Fig. 2. X-ray images of mouse using 85 µm steps of detection
unit (40 keV, 5 mA, 150 ms).
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Progress in development and testing of quantum X-CT imaging system utilizing
semi-insulating GaAs radiation detectors
F. Dubecký, B. Zaťko, P. Boháček, D. Korytár, J. Huran, M. Sekáčová, and P. Vagovič
During the last decade a revolution in X- and γ-ray
imaging has been started, with potential applications in
medicine, on-line process control and security. The key
element of a new generation of digital radiology systems
presents suitable radiation detector. Originally, CdZnTe
have attracted considerable attention due to its high
stopping efficiency. The investigations were concentrated
also on GaAs by the end of the eighties. GaAs offers
some important advantages over II-VI compounds,
namely: (i) much lower cost, (ii) faster reaction rate, (iii)
a mature device technology, (iv) much better resistance
against radiation damage, and (v) high material quality.
The department developed high quality monolithic
imaging radiation detectors based on bulk semi-insulating
(SI) GaAs during previous decade [1,2]. The detectors
were successfully applied in the first quantum X-ray
digital scanner [3] based on GaAs detectors. In this
contribution, the most sophisticated application of the
monolithic radiation detectors is illustrated: first quantum
X-CT (computer tomography), mini testing board (Fig. 1)
recently developed. The board is assembled with 2
stepping motors (rotation, linear position) automatically
controlled by a PC. A new custom SW allowing control
the system and CT image reconstruction from taken data
– gamma projections - was also developed [4].

Four gamma projections of a small phantom taken at
various rotation angles are illustrated in Fig. 2a.
Calculated CT reconstruction and composition of the
tested phantom is depicted in Fig. 2b. As can be seen
from the gamma projections, dynamic range of the tested
phantom is very good. However, due to low gamma ray
intensity, the experiment is time consuming for now,
hence number of projections is limited. X-ray source will
be necessary for future more detail testing and processing
optimization. The system development is still in progress
[4].
The work was done in collaboration with the Institute
of Measurement Science, SAS, Bratislava (I. Frollo, et
al.). The project supported by the Agency for Promotion
Research and Development, Contract APVV-99-P06305.
[1] Zaťko, B., et al.: Nucl. Instr. Meth. A 531 (2004) 111.
[2] Zaťko, B. and Dubecký, F.: IEEE Trans. on Nucl. Sci. 53
(2006) 625.
[3] Dubecký, F., et al.: Nucl. Instr. Meth., A 546 (2005) 118.
[4] Dubecký, F., et al.: Proc. of the ASDAM´06, Smolenice,
Slovakia, 2006, p. 213.
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Fig. 1. a) Developed mini X-CT set-up with detail of tested
phantom with 2 optical sensors (left up corner); b) detail of
gamma-ray source, phantom and preamplifier.

Fig. 2. Gamma-ray projections (a) and quantum CT
reconstruction image with illustration of the tested phantom
with diameter of 12 mm (b).
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Role of temperature in radiation detectors based on semi-insulating GaAs
B. Zaťko and F. Dubecký

During last decade the interest has been increasing for
the semiconductor radiation detectors operating at room
temperature. Great effort is concentrated to development
of radiation detectors based on semi-insulating (SI) GaAs.
Main reasons include: high radiation resistance, sufficient
detection efficiency for γ-rays, high reaction rate and low
cost. Good energy resolution attained relatively small
active volume of imaging pixel detector. High reaction
rate is due to the high mobilities and drift velocity of
charge carriers. Wide band gap allows operation of the SI
GaAs detector at room temperature. Other important
features include well developed technology and low
production and operating costs [1–3]. These
characteristics are significant in digital radiography
systems, where detection of X- and γ-rays is done by a
monolithic array (1D, 2D) of semiconductor detectors
instead of photographic film.
Detectors were fabricated from LEC SI GaAs wafer
with resistivity of 1.1×107 Ωcm and the Hall mobility of
6500 cm/Vs measured at room temperature using the Van
der Pauw configuration. The substrate was polished down
to 200 µm prior processing. The detector had top
Schottky contact from Au/Zn metallization (120 nm) with
square shape of size 400 µm. Back contact was fabricated
by vacuum evaporation of Au/Ge/Ni – ohmic eutectic
alloy. Detector surface was passivated by sputtered
silicon nitride (100 nm) and tempered at 110 °C for
5 hours due to stabilization of the passivation and
contacts.
At first the current-voltage characteristics at different
temperatures were measured. The shape of curves good
corresponds to the thermionic emission electronic
transport. Decrease of the temperature by 20 K the
saturation current is reduced by about one order of
14.4 keV

Counts per channel
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Fig. 1. The best measured pulse height spectra of γ-radiation
source 241Am observed at different temperatures.
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[1] Zaťko, B. and Dubecký, F.: IEEE Trans. on Nucl. Sci. 53
(2006) 625.
[2] Dubecký, F., et. al.: NIM in Phys. Res. A 563 (2006) 159.
[3] Zaťko, B., et al.: NIM in Phys. Res. A 551 (2005) 78.

Total counts in photopeak

12000

magnitude. The value of breakdown voltage ranges from
260 V to 270 V.
The radiation detector has been coupled to the
standard spectrometric system, which consist of charge
sensitive preamplifier with CR 101D hybrid operational
amplifier, pulse shaping amplifier ORTEC 572 with semi
Gaussian shaping, analog-to-digital converter ORTEC
800, multichannel analyzer M2D and a PC. Reverse bias
for investigated radiation detector supplied ORTEC 459.
The required temperature of detector ensured 2 stages
Peltier cooler.
Pulse height spectra of detector were measured using
γ-sources 241Am and 57Co (Fig. 1) at reverse bias 50–
230 V at different shaping times (0.5, 1, 2, 3, 6, and
10 µs) and several temperatures. The peak efficiency, the
charge collection efficiency (CCE), energy resolution in
FWHM (full width at half maximum) and HWHM (half
width at half maximum) of the photopeak were evaluated.
Figure 2 shows peak efficiency of 59.5 keV photopeak vs.
temperature and reverse bias voltage of the SI GaAs
radiation detector. The best peak efficiency of 59.5 keV
photopeak at 273 K has been observed. The CCE with
decreasing temperature of detector rapidly reduces. The
highest value of the CCE (98.2 %) was observed at a bias
of 230 V at temperature 303 K, while the best attained
relative energy resolution was measured at 253 K with
19.8 % and 10.7 % in FWHM for 59.5 keV and
122.1 keV γ-photons, respectively.
The work was supported by the Grant Agency for
Science (2/4151/26) and by the Agency for Promotion
Research and Development (contract APVV-99-P06305).
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Fig. 2. Dependence of peak efficiency of 59.5 keV photopeak vs.
temperature and reverse bias of the detector.
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Development of fast neutrons detectors based on semi-insulating GaAs
F. Dubecký, B. Zaťko, P. Boháček, and M. Sekáčová

Schottky
contact

Active
volume

Ohmic
contact

Fast
neutron
Converter

of layers were used: “primer” (chlorinated polyethylene)
and synthetic “rubber” (polybutadiene rubber). These
converters have high content of hydrogen, but lower then
HDPE, while their deposition onto SI GaAs detector is
more convenient than high temperature processing of the
HDPE.
Current density vs. voltage (J-V) characteristics of
detectors before and after converters deposition are shown
in Fig. 2a. No influence of the converter is observed to the
detector surface leakage. Spectra of 239Pu-Be radionuclide
neutron source revealed with SI GaAs detectors without
and with converter layers are depicted in Fig. 2b. Both
detectors with converter layers detect proton signals over
γ-ray background due to detected protons from reaction
with neutrons. Higher yield is observed with rubber
converter.
Additional study toward optimization of the detector
technology and thickness of the converter is in progress.
The neutron converter layers were processed at the PI
SAS, Bratislava (I. Chodák) and detectors were tested at
the SUT, Bratislava (A. Šagátová).
Dierick, M., et al.: Nucl. Instr. Meth. A 542 (2005) 296.
Treimer, W., et al.: Nucl. Instr. Meth. A 542 (2005) 367.
Watterson, J., et al.: Nucl. Instr. Meth. A 513 (2003) 367.
Jakubek, J., et al.: Nucl. Instr. Meth. A 560 (2006) 143.
Morvic, M., et al.: Nucl. Instr. Meth. B 197 (2002) 240.
Schlessinger, T.E. and James, R.B.: Semiconductors for
Room Temperature Nuclear Detector Applications,
Semiconductors and Semimetals, vol. 43, Academic Press,
San Diego 1995.
1E-6

T = 303 K

-2

Current density (A mm )

[1]
[2]
[3]
[4]
[5]
[6]

1E-7
1E-8
1E-9
1E-10

a)
0

GaAs detectors:
bare
primer coated
rubber coated

50 100 150 200 250 300 350 400
Reverse bias voltage (V)

5000
Counts per channel

Neutron transmission imaging exhibits high contrast
for components containing oils, plastic adhesives, water
or organic fluids. Hence, the neutron imaging find
applications in petrology, archaeology, automotive
industry, in detection of contraband substances such as
drugs, etc. [1,2]. Resonance imaging with monoenergetic
fast neutrons enables imaging sensitive to elemental
composition [3]. Currently used neutron imaging systems
usually utilize a CCD camera with scintillator.
Substitution of the camera by an array of semiconductor
detectors (obviously Si) covered with a neutron converter
layer leads to better performances, especially in terms of
spatial resolution, linearity and dynamic range [4].
Another interesting application of neutron detectors
presents security monitoring in nuclear plants and
evaluation of emissions from hot plasmas (tokamak).
Relatively high resistance of bulk SI (semi-insulating)
GaAs against damage by neutrons [5] predestine them to
be a perspective candidate for neutron detector
fabrication. Recently, the SI GaAs detectors are investigated as a base for fabrication of fast neutron detectors.
Detectors are coated by suitable converter layer allowing
detection of neutrons due to e.g. proton production as a
result of n-hydrogen reaction (Fig. 1). The HDPE (high
density polyethylene) is mostly used as a converter due to
high content of hydrogen. Hydrogen has high elastic
scattering cross sections for fast neutrons, hence its
content in the converter layer must be high if an often (n,
p) reactions is required. This is necessary to reach a good
contrast resolution in imaging of components containing
hydrogen [1]. GaAs detectors are powerful for detection
of photons and charged particles (e.g. [6] and references
therein).
Our first developed neutron detectors are prepared
from bulk LEC SI GaAs. Circle blocking Schottky
contacts with a diameter of 1.4 mm and full area ohmic
contact were prepared by evaporation of AuZn and
AuGeNi eutectic alloys (120 nm), respectively. The
thickness of both-sided polished wafer was about 300 µm,
with the resistivity of 1×108 Ωcm and the Hall mobility
5000 cm2/Vs. The detectors were coated by converter
layers with a thickness of 25±10 µm. Two different kinds

3000
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U = -250 V
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Fig. 1. Principle of SI GaAs detector of fast neutrons.
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Fig. 2. J-V characteristics of the investigated SI GaAs
radiation detectors (a) and their spectral response to
neutrons generated by 239Pu-Be radioisotope source (b).
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Different electrode metallizations of semi-insulating InP radiation detectors
B. Zaťko, F. Dubecký, P. Boháček, and M. Sekáčová

Sample
label

Resistivity
(Ωcm)

Hall mobility
(cm2V-1s-1)

#1

3.2×107

2600

#2

5.6×107

2710

Electrode
system

Contact
area
(mm2)

Ti/Pt/Au
Pt/Al
AuZn

0.126
to
1.766

Detector
thickness
(µm)

[1] Dubecký, F., et al.: Nucl. Instr. Meth. A 487 (2002) 27.
[2] Zaťko, B., et al.: Nucl. Instr. Meth. A (2007) in print.
[3] Dubecký, F., et al.: Nucl. Instr. Meth. A 531 (2004) 181.

1400

Material #1

1200
1000

Ti/Pt/Au
contact
U = -400 V,
T = 255 K

800

U = -300 V,
T = 263 K

600
400

U = -200 V,
T = 273 K

200

U = -120 V,
T = 298 K

0

220

Tab. 1. Characteristics of investigated InP base materials
and fabricated detector structures.
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metallization. This reflects rather the higher resistivity of
material #2 than lower saturation leakage current.
Detectors were tested using spectrometric readout chain
(charge sensitive preamplifier with CREMAT CR 101D,
shaping amplifier ORTEC 572, high voltage supply
ORTEC 459, analog-to-digital converter ORTEC 800 with
a multichannel analyser M2D). Two stages Peltier cooler
was used for detector cooling. Pulse height γ-ray spectra of
241
Am (59,5 keV) and 57Co (122.1 and 136.5 keV) were
measured at temperatures down to 255 K.
Detector Ti/Pt/Au-SI InP#1-AuGeNi reaches the best
spectrometric performance at − 400 V and temperature
255 K. The attained energy resolution calculated from the
spectra is 7.0 keV (in FWHM) for 122.1 keV γ-photon
peak (Fig. 1) with the maximum CCE 83 %. Detector
Al/Pt−SI InP #1−AuGeNi has worse detection
performance. The CCE reaches a value of about 75 % and
energy resolution is hardly qualifiable. Gaussian curve
obtained by fitting the peak has 11.9 keV (in FWHM) for
59.5 keV γ-photons at 258 K. The last detector structure
AuZn-SI InP#2-AuGeNi did not resolved any peak even
at 500 V and temperature of 253 K. Possible explanation
of this effect is related to the worse base material
characteristics, in particular short charge carriers
lifetimes, and also used metallization. Noting however,
the fact of almost similar electrical transport parameters
(resistivity, Hall mobility) of both used SI InP wafers.
The work was supported in a part by the Grant
Agency for Science through grant No. 2/4151/24.

Counts per channel

InP is compound semiconductor suitable for
preparation of ionization radiation detectors due to high
atomic number of In (49). The band gap width and the
mobility of electrons are 1.35 eV and 5500 cm2/Vs at
300 K, respectively. Maximum drift velocity is higher
comparing to other materials (GaAs, Si, and CdTe) [1, 2].
As a base detector material, epitaxial semiconductive or
bulk grown semi-insulating (SI) InP can be used.
The study of SI InP:Fe-based particle detectors with
the emphasize to investigation of the electrode
metallization role is presented. Detectors fabricated with
various active contact areas and three types of “blocking”
contacts are studied. Two different base InP LEC (Liquid
Encapsulated Czochralski) materials processed by the
IREE Prague, Czech Republic and ROMELAB, USA,
labelled #1 and #2, respectively, were used in the study
(Tab. 1). Wafer fragments were polished down from both
sides to a thickness of about 220 µm. Full area ohmic
contact was formed by AuGeNi eutectic alloy evaporated
in vacuum onto chemically purified surface [2] and
alloyed at 400 ºC (2.5 min) in forming gas. On the
opposite side of the wafer circular electrodes with
diameters of 0.75, 0.5, 0.3 and 0.2 mm were formed by
photolithographic masking and lift-off process. Ti/Pt/Au
(15/35/60 nm) and Al/Pt (8/50 nm) multilayers were
deposited onto the surface of material #1 and AuZn
(100 nm) eutectic alloy was evaporated on the material
#2. Close before evaporation materials were chemically
etched in 1HCl:2H2O solution to remove native oxides.
Finished samples were glued to PCB holder using silver
paste and contacted by wire bonding.
Current-voltage characteristics of prepared samples
were measured at 300 K. Dependencies are linear in low
bias voltage region and demonstrate a quasi-ohmic
character of the electrical charge carriers transport
through the detector structure. Linear part of the I-V
dependence (up to ∼1 V) controlled by material resistivity
is followed by a slight sub-linear dependence in a range
between 10 V and 250 V. Over about 300 V a super-linear
part is observed and finally additional linear region with
about five times lower dynamic resistance compare with
the dependence in a low current region. The lowest
observable current revealed samples with AuZn

50

100 150 200 250 300 350 400 450 500
Channel

Fig. 1. Pulse height spectra of 57Co detected by radiation detector
with Ti/Pt/Au-SI InP-AuGeNi contact at different temperatures and
bias voltages.
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Physical properties of low temperature GaAs/InP strained heterojunction:
Micro-Raman spectroscopy and X-ray diffraction study
F. Dubecký

LOGaAs
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Takano, Y., et al.: J. of Crystal Growth 169 (1996) 621.
Herms, M., et al.: Mats. Sci. Eng. B 91-92 (2002) 466.
Gant, T.A., et al.: Appl. Phys. Lett. 60 (1992) 1453.
Srnánek, R., et al.: Proc. of the ASDAM´06, p. 55.
Leszczynski, M., et al.: Appl. Phys. Lett. 62 (1993) 1484.
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Fig. 1. Typical micro-Raman spectra from the bevelled LT
GaAs/InP structures annealed at various temperatures.
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high resolution X-ray diffraction.
Typical micro-Raman spectra taken from LT GaAs
layers, annealed at different temperatures are shown in
Fig. 1. In the vicinity of frequencies 250-260 cm-1 a mode
which corresponds to the presence of antisite AsGa defects
[2] was detected. Its intensity decreases with the
increasing of annealing temperature. It is found that the
concentration of AsGa point defects in the LT GaAs layer
are accumulated near to the InP/LT GaAs interface in
space 50 nm width as follows from the shifts of TO and
LO phonon peaks using model of Gant [3]. InAs, InO and
C are also present at the interface as follows from the
SIMS [4].
The Full Width at Half Maximum (FWHM) of the
GaAs 004 peak is reported for all the annealed samples
and the as grown sample (Fig. 2a). FWHM decrease from
1800 to 800 arc seconds is observed by increasing the
annealing temperature. The values are larger than those
observed in homoepitaxial LT GaAs [5], due to the large
lattice mismatch between GaAs and the InP. The lattice
parameter decreases by increasing the annealing
temperature (Fig. 2b), in agreement with previous results
on LT GaAs. The annealing contributes to solve the As
precipitates that are responsible of the lattice expansion in
the LT GaAs.
Collaboration with the SUT, Bratislava (R. Srnánek)
and the IMEM-CNR, Parma (C. Ferrari) is acknowledged.

FWHM (sec)

Low temperature (LT) GaAs is an epitaxial layer
grown by molecular beam epitaxy (MBE) at lowered
growth (Tg) temperature (Tg<350 °C) under As
overpressure resulting in incorporation of a large excess
concentration of arsenic atoms diluted in GaAs single
crystal [1]. The LT GaAs/GaAs structure is used in many
device applications such as a buffer or interface layers in
high speed FETs, active layers in ultrafast opto- and
photoelectronic devices, a surface cover layer, etc. [2].
InP is another important compound semiconductor
used for fabrication of a special electronic devices.
Monolithic intergation of GaAs technology onto InP
substrates in some particular applications [3] is required.
The LT GaAs as an interface buffer opens a new
technological solutions of this task. Moreover, as an
interface or buffer layer potentially helps to overcome
problems with M-S blocking or ohmic contact technology
in InP. The LT GaAs/InP system as strained pseudomorphic hetero-junction presents an interesting object for
physical study. Interfacial strains between the InP
substrate and the epitaxial GaAs layer is induced by the
large lattice mismatch (aGaAs=0.5653 nm and
aInP=0.58687 nm).
Different
thermal
expansion
coefficients (αGaAs=4.6x10-6 K-1, αInP=5.0x10-6 K-1) of
these materials introduce residual strains after cooling
from growth temperature. The strains stimulate creation
of structural defects, mostly dislocations at the interface.
No published paper is available today on the LT GaAs
grown on InP.
The LT GaAs epitaxial layer grown at 250 °C and
BEP=15 (As beam equivalent pressure) by MBE with the
final thickness of 500 nm onto bulk semi-insulating (SI)
InP substrate is studied. Four samples were annealed at
various temperatures (Tann: 360, 470, 560, and 640 °C) in
MOCVD reactor under arsin overpressure. Structures
were bevelled by wet chemical etching and used for detail
study of the interface by micro-Raman spectroscopy and

0.567

0.566

0.565

b)
as grown 360

640
o

Annealing temperature ( C )

Fig. 2. FWHM of 004 GaAs peak (a) and lattice parameter of
LT GaAs (b) as a function of annealing temperature.
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High resolution X-ray optical devices
D. Korytár and P. Vagovič
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Standard V-channel monochromators with the equal
asymmetries and with the final asymmetry factor
b = bI.bII = 0.2 (compression/expansion factor M=1/b=5)
are used for high resolution diffractometers in
combination with graded multilayer optics. Either to
increase the intensity (beam passing under Bragg
condition from the left to the right in Fig. 1) or to
compress the beam in 1D (in the opposite direction). We
have designed a new monochromator [4] with unequal
asymmetries and it has been successfully tested in beam
expanding mode. Compared to the standard symmetrical
channel-cut monochromator an intensity gain of 8.5 has
been obtained with this type of V-shaped monochromator,
at the expense of the output beam width of 4.5 mm. A
different X-ray optical device – four bounce monolithic
monochromator for CoKα1 radiation has been
successively tested as well [3].
This work was supported by the EC project COST P7.
[1] Shvyd’ko, Y. : X-ray optics. Springer-Verlag, Berlin, 2004.
[2] Korytár, D., et al.: J. Phys. D: Appl. Phys. 38 (2005) A208.
[3] Korytár, D., et al.: Chapter 6.3. High resolution 1D and 2D
crystal optics based on asymmetric diffractors, accepted to
the monograph „Modern Developments in X-Ray and
Neutron Optics” (eds. A. Erko M. Idir, Th. Krist, A.G.
Michette), to be published by Springer Verlag, 2007.
[4] Ferrari, C. and Korytár, D.: Patent pending 2006.
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For high resolution X-ray diffractometry (HRXRD)
X-ray optical devices with beam monochromatization and
1-dimensional (1D) collimation are necessary.
Additionally, beam compression in the other dimension
can be utilized to achieve high 2-dimensional (2D)
resolution in real space with the probing X-ray beam. A
compromise must be found when projecting high
intensity, high resolution in real and reciprocal space and
in energy [1]. The best resolution in reciprocal space is
achieved with crystal X-ray optics based mainly on Bragg
diffraction from multiple perfect crystals such as silicon
and germanium. Si(111) double crystal monochromator
for synchrotron and four-bounce Ge (220/440) Bartels
type monochromator for laboratory sources are typical
examples. High resolution in reciprocal space is given by
small widths of crystal Bragg peaks, approaching
theoretical values in the arcsec range as given by
dynamical theory. Their FWHM can be further decreased
using asymmetric diffraction in grazing incidence setting.
This setting is also known as a 1D beam expander in real
space. Combining two asymmetric diffractors with
mutually perpendicular scattering planes 2D beam
compression/expansion can be obtained [2,3].
Multiple successive diffractors prepared in one crystal
block represent one way of coupling diffractors
successively – a monolithic system of diffractors with the
tightest possible coupling. They are especially
advantageous because of their compact and monolithic
design offering extremely stable wavelength, small
dimensions, and high thermomechanical stability.
Mathematically, the coupling and adjustment are
represented by processing the diffraction vectors Hi of the
successive diffractors with matrix transformations without
changing the length of Hi (pure rotation, mirror reflection,
addition of a lattice vector) or changing it (adding a lattice
vector, change of the lattice parameter by means of
temperature or composition). Crystal 1D optics of this
kind (multiple bounce) is represented by a/symmetric
channel-cut monochromators and by their combinations
for which Σi Hi = 0. This condition has an important
consequence, namely that the incident and the outgoing
beams are mutually parallel. Such optics, either 1D or 2D,
is called in-line X-ray optics. The in-line optics with the
beams arranged in one plane is important in synchrotron
experiments because of simpler instrumentation and
remote control and in laboratory diffractometers also
because of easy change of the optical elements without
tedious readjustments. Several types of in-line
monochromators have been studied [3], one example is
presented below.

CuKα2

30000

8.5 times

20000

Imax=5245

10000

0
-600

CuKα1

10KV 10mA

-400

-200

0

200

400

arcseconds

Fig. 1. New V-channel-cut monochromator for CuKa1 radiation with unequal asymmetry factors (upper image) and a
comparison of its intensity gain with respect to symmetrical
channel cut monochromator (lower image).
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Tube-shaped crystal for focusing of X-ray radiation
P. Vagovič and D. Korytár

Curved crystal optics is used for focusing of X-ray
radiation and to increase intensity throughput from source
[1]. Many designs with single or double curved crystal
were employed using various techniques to force the
crystal to bend. In this work we present an alternative way
of focusing X-ray radiation from a microfocus X-ray
source by means of a thin monocrystaline tube-shaped
crystal (Fig. 1).
Tube-shaped crystal can be used for focusing of
radiation from point sources (microfocus X-ray sources).
Because of large radiation angle (up to 120 deg.) of such
sources we can use asymmetric diffraction from for
example 113 or 115 reflection which has more grazing
angle. Using brass target as a source [2] with Zn Kα1
radiation the output diffracted radiation can be almost
parallel with optical axis.
To develop tube-shaped crystal we needed to thin and
bend the Si crystals. Si samples were made from Si (001)
oriented wafers. Thin crystal can be bent either
mechanically or by introducing thermal strain on its
surface by evaporated appropriate metal layer. Using
mechanical grinding and polishing we thin the samples
down to 80 – 100 µm and etch them in KOH down to
approximately 20 – 30 µm. After etching samples were
mechanicaly bent around normal of ( 011 ) plane and
placed into sample holder. Using described technique
several tube-shaped crystals were done with radius of
curvature 5 mm and length about 5 mm (Fig. 2).
In order to get diffractive properties of this device the
ray-tracing simulation by means of two-beam dynamical
theory of X-ray diffraction was done [3]. In the simulation
the Mo Kα doublet source with various focus dimension
was used. Then the tube-shaped crystal was placed with
its axis on the optical axis. After crystal was placed to
area detector. From the results of simulation we observed
focusing of X-ray radiation and clear separation of Kα1
and Kα2 spectral lines for small source focus spots
(<50µm) .
Prepared tube-shaped crystals are currently tested by

means of X-ray diffraction. The developed device can be
applied for instance in spectral analysis of point X-ray
sources or for collimation of radiation from divergent
sources.
The work was supported in a part by the Grant
Agency for Science through grant No. 2/4151/26 and
Agency for Promotion Research and Development under
the contract No. APVV-99-P06305.
[1] Hitoshi, Y., Kiotaka, O., and Tetsuya, I.: J. Synchrotron
Rad. 5 (1998) 687.
[2] Vagovič, P., Tsusaka, Y., Korytár, D., and Matsui, J.:
Testing of new X-ray rotating anode and its usage for XRD
characterization of very shallow implanted layers, X-top
2004, 7th Biennial Conference on High Resolution X-ray
Diffraction and Imaging, Sept. 2004.
[3] Korytár, D., Baumbach, T., Ferrari, C., Helfen, L., Verdi,
N., Mukulík, P., and Vagovič, P.: J. Phys. D: Appl. Phys. 38
(2005) A208.
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Fig. 2. Photography of tube shaped crystal placed in a plastic
holder.
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Fig. 1. 3D model of device showing basic idea of operation of
tube-shaped crystal.
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Structural and bonding characteristics of hydrogenated amorphous carbon
films prepared by plasma-enhanced chemical vapor deposition
J. Huran
Amorphous hydrogenated carbon (a-C:H) films are
frequently deposited by plasma-enhanced chemical vapor
deposition (PECVD). This technology is very promising
because it enables to control the film quality; integrates
easily into the state-of-art microelectronic technologies;
and has a low cost, high efficiency, and reproducibility.
Recently, it has shown that such layers have various
optical and electrical properties [1]. Then, as such layers
can be easily etched by oxygen-fluorine plasma, they can
be used for a great number of optoelectronic components
(light sources, detectors, amplifiers, waveguides, optical
sensors, etc.).
The methane was introduced into capacitively coupled
plasma reactor through the shower head, which is also an
upper electrode with 12 cm diameter. An n-type silicon
wafer with resistivity 2–7 Ωcm and (111) orientation was
used as the substrate for the a-C:H films. The flow rate of
CH4 gas was 20 sccm. The deposition temperatures were
400 (sample T8) and 500 °C (sample T9), respectively.
The concentration of species in the films was determined
by the Rutherford backscattering spectrometry (RBS).
Chemical compositions were analyzed by infrared
spectroscopy. The hydrogen concentration was
determined by the elastic recoil detection (ERD) method.
For this purpose the 4He+ ion beam from a Van de Graaff
accelerator at JINR Dubna was applied. The energy of
2.4 MeV was chosen. The target was tilted at an angle α =
15° with respect to the beam direction and the recoiled
protons were measured in forward direction at an angle
Θ1 (30 °) by a surface barrier detector. 4He+ ions were
stopped in a 9 µm thick Al filter placed in front of the
detector. The second surface barrier detector was placed
at an angle Θ = 135o and was used to measure 4He+ ions
for the purpose of the normalization. The vacuum in the
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[1] Grill, A.: Thin Solid Films 355-356 (1999) 189.
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Fig. 1. The IR spectra, region 1200 – 1600 cm-1.
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experimental chamber was 10-4 Pa. For the determination
of the hydrogen concentration from the recoiled spectra a
computer program has been used. In this program, the
effects of detector resolution, strangling, and multiple
scattering of 4He+ ions and protons in the target and
stopper Al foil are included. These corrections essentially
improve the agreement between experimental and
simulated spectra.
After modelling of the RBS spectra of two samples T8
and T9 with different deposition conditions of the
deposited amorphous carbon films, we can show from
calculated results the presence of small amounts of
oxygen and nitrogen while the concentrations of hydrogen
in the carbon films are for T8 21 at.% and T9 17 at.%.
The a-C:H films contained also other species which were
under the detection limit of the RBS method. In the case
of sample T8 the concentration of carbon is 72 at.%. The
concentrations of C in sample T9 is 76 at.%.
The IR spectra illustrated in Fig. 1 revealed the main
absorption region between 1200 and 1600 cm-1. The
typical peak positions are indicated in the micrograph.
The most important result is that the sp3 hybridisation is
stronger in the sample deposited at higher temperatures.
This is evident in the for the wavenumbers between 2800
and 3150 cm-1 where a stringer sp3 CH3 feature appears at
2870 cm-1 compared to the low temperature sample T8.
At lower wavenumbers for the low temperature sample,
the sp2 CH olefinic related peak is more pronounced
compared to the high temperature case. For both samples
beside the sp3 bonds sp2 and graphite like related peaks
can be assigned.
In the FTIR-SE, as in the case of SE the parameters Ψ
and ∆ are defined from the ratio ρ of the complex
reflection coefficients for s and p polarizations,
respectively
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In 2005 and 2006, researchers at the Department of
Optoelectronics continued work on the epitaxial growth,
characterization and application of III-V semiconductor
layers and structures. Apart from work on InP/InGaAs,
GaAs/InGaP, and InGaP/GaP, our traditional material
systems, we extended our activities into the field of GaNbased materials and structures.
We prepared and investigated epitaxial structures
grown on both planar substrates and non-planar
(patterned) substrates. Growth on patterned substrates is
more complex than growth on planar ones, and it requires
an interdisciplinary approach that encompasses
crystallography, chemistry and the physics of epitaxial
growth. We also prepared a number of epitaxial structures
to investigate the local anodic oxidation of the structures
using atomic force microscopy (AFM).
We performed our growth experiments using an
Aixtron AIX 200 R&D MOVPE apparatus. Structures
were grown for our research work, but we also provided
structures for other departments of the Institute.
In 2005 and 2006, we worked towards the
completion of two research projects. One project was
entitled “New gallium phosphide grown by vertical
gradient freeze method for light emitting diodes”. It was
supported within the 5th Framework Programme under
identification number IST-2001-32793 and started on 1
March 2002. Our role in it was twofold: (i) We provided
assistance in the development of the epi-ready finalization
of gallium phosphide substrates produced by Phostec; (ii)
We used the MOVPE technology for the development of
high-brightness LED structures based on GaP substrates.
Participation in this project was prestigious and very
exciting: We achieved a number of interesting results
related to graded InGaP buffers grown on GaP substrates,
strain relaxation, and the development of high brightness
LED structures. We enjoyed excellent cooperation with
Phostec and agreed to continue to work together within a
new EUREKA project entitled: “VGF GaP based optics
for infrared sensors”.
The other project, funded by the Science and
Technology Assistance Agency (APVV), was entitled
“Submicron vector Hall probe microscope”. It was
centered on the development of a magnetic field vector
sensor based on submicron-sized Hall probes on pyramidshaped objects. To produce such a device, the
technologist needs to master difficult processing
techniques, including conformal resist deposition and submicron lithography with an atomic force microscope.
The APVV agency recently funded three of our
projects. They were oriented towards the development of
InGaP/GaP graded
buffers,
the growth
and
characterization of GaMnN for spintronics, and the
preparation of a new generation of tips for MFM
applications. It is of great importance that the funding of
the latter enabled us to buy a new atomic force
microscope.

The project resources were partly used to support our
PhD students. Two PhD students successfully finished
their work in 2006. Two other PhD theses are currently
close to completion.
In October 2005, we organized the 12th European
Heterostructure Technology Workshop at Smolenice
Castle (HETECH). Such workshops, organized on an
annual basis since 1990, bring together scientists,
engineers and post-graduate students with expertise in
semiconductor heterostructures and related device
technologies. Our MOVPE group is fully accepted by the
European community of MOVPE growers. We have been
honoured with the task of organizing another workshop EW-MOVPE 2007, which is a top European conference
in this field.
The Department of Optoelectronics has enjoyed
broad international co-operation. Most of the activities
mentioned above were part of broader international
efforts. In 2005 and 2006, we co-operated with the
following institutions: the Institute for Thin Films and Ion
Technology Research Centre, Jülich (Germany), the
Institute of Materials Research CSIC, Barcelona (Spain),
University of Parma and IMEM-CNR, Parma (Italy), and
the Institute of Radiotechnique and Electronics, Prague
(Czech Republic). Also vital for our work was close cooperation among members of the Department. I would
like to express my gratitude to all of them for their fruitful
work and enthusiasm in 2005 and 2006.
Jozef Novák
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MOVPE growth and characterization of InGaP/AlGaAs heterostructures
R. Kúdela, M. Kučera, J. Novák, and E. Dobročka

Incorporation of InGaP layers into AlGaAs/GaAs
structures can exploit the advantages of both
AlGaAs/GaAs and InGaP/GaAs systems. Nevertheless,
this step requires good knowledge of properties of
AlGaAs/InGaP interfaces. It is important to know the
band offset of AlGaAs/InGaP as well as a good quality of
the interface to be able to use the system in applications.
The InGaP/AlxGa1-xAs/GaAs structures were used in the
past for the preparation of heterobipolar transistor with
improved electrical parameters [1]. The band offset of
In0,5Ga0,5P/AlxGa1-xAs system has been systematically
studied in [2,3] on samples prepared by liquid phase
epitaxy.
Our Al0,3Ga0,7As/In0,49Ga0,51P structures were
prepared by a conventional low-pressure metal organic
vapour phase epitaxy (MOVPE) process in Aixtron AIX
200 equipment. Trimethyl-gallium, trimethyl-indium,
trimethyl-aluminium, arsine, and phosphine were used as
precursors, and the carrier gas was purified hydrogen.
The AlGaAs was grown at 700 °C and the InGaP was
grown at 560 °C.
We prepared both AlGaAs-on-InGaP (#801) and
InGaP-on-AlGaAs (#803) structures. Photoluminescence
(PL) spectra of the structures are shown in Fig. 1. One
can see additional peaks with energies of 1.74 and
1.77 eV besides the typical peaks observed in single
AlGaAs or InGaP layers. Because their energies are
significantly lower than the band-band transitions of both
materials, we attribute them to the type-II band
discontinuity at the interface, more precisely to the
transition from the conductive band of the InGaP to the
valence band of the AlGaAs (hereafter eInGaP- hhAlGaAs).
Figure 1 shows also another significant difference
between both types of structure. The positions of the

Fig. 1. PL spectra of the InGaP-on-AlGaAs (#803) and the
AlGaAs-on-InGaP (#801) structures.
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additional peaks have slightly different energies. As the
band discontinuity should be theoretically the same for
both types of structure, there must also exist another
additional mechanism influencing the PL spectra. We
suppose that it is an As-P exchange mechanism, which
plays a basic role during the MOVPE growth of the
AlGaAs/InGaP interface. When InGaP begins to grow on
AlGaAs, the As-atoms from the upper 1-2 layers of
AlGaAs are replaced by phosphorus atoms from the gas
phase in the MOVPE reactor. Because the AlGaP ternary
has a wider band gap than that of the AlGaAs, the
influence on the PL spectra is negligible, an X-ray
reflectivity was used for the characterization of the
AlGaAs/InGaP interfaces. A sample with ~15 nm InGaP
on 100 nm AlGaAs was prepared. The reflectivity and its
simulation are shown in Fig. 2. An agreement of
simulation with the experiment can be achieved only if a
thin AlGaP interlayer is inserted into the model of the
AlGaAs/InGaP interface.
However, the AlGaAs-on-InGaP reversal structure is
more prone to the As-P exchange effect. The P-atoms in
the top layers of InGaP are replaced by As-atoms, and a
low band gap InGaAs layer forms at the interface. One
can then expect a PL peak with a lower energy compared
with the previous one. As exchange process has a lower
band gap than that of the other components of the
structure. Consequently, it is very difficult to prepare the
reversal type of the interface with good quality
[1] Cheng, S.Y.: Semicond. Sci. Technol. 17 (2002) 701.
[2] Kim, I.J., Cho, Y.H., Kim, K.S., and Choe, B.D.: Appl. Phys.
Lett. 68 (1996) 3488.
[3] Kim, K.S., Cho, Y.H., and Choe. B.D.: Appl. Phys. Lett. 67
(1995) 1718

Fig. 2. Measured X-ray reflectivity from AlGaAs/InGaP
structure and simulation of the spectrum.
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Influence of switching sequences on the position of delta plane in GaAs
quantum well
J. Novák, P. Štrichovanec, R. Kúdela, and M. Morvic
Quantum well infrared photodetectors (QWIPs) have
emerged as promising devices for a large number of
applications, including remote sensing, night vision and
thermometry. The appearance of certain anomalies in the
low temperature dark current characteristics, in particular
the presence of a non-zero current (offset) at zero bias in
the dark current-voltage (I-V) curves is yet to be fully
explained. Usually these effects are ascribed to the dopant
segregation in the quantum well region [1, 2] or to the
asymmetry of AlGaAs barriers. In this work, we
investigate the MOVPE growth conditions effects on the
photovoltaic behaviour, on the dark-current and
responsivity asymmetries of well doped AlGaAs/GaAs
detectors.
Four samples with similar structure except for the
position of the delta doping in the well were grown by
MOVPE technique at Tg = 700 °C. The first sample was
grown with centre delta doping with expected doping
level of 1×1017 cm-3. All other wells were doped to level
of 1×1018 cm-3. The top (200 nm) and bottom (100 nm)
contact layers were doped with Si to level of 1×1018 cm-3.
All AlGaAs barrier were prepared with AlAs molar
fraction of x = 0.28 and all structures have 5 wells. We
shifted the position of the delta doping by changing of the
switching sequences. Detailed description of switching
time during the quantum well growth is in Table.
Sample
MO854
MO880
MO890

GaAs
3
1
1

Doping
6
5
3

GaAs
3
6
8

Micro-photoluminescence (µPL) was used for
determination of a δ-layer position and its spreading in Si
δ-doped GaAs well. A beam of He-Ne laser (λ = 632.8
nm) was scanned at room temperature along the bevelled
structure, and change of PL (at λ = 870 nm) was detected.
The bevels were prepared by chemical etching [3]; the
bevel angle was approximately 3×10−5 rad.
Figure 1 compares position of doping atoms in GaAs
quantum well for samples MO854 and MO880. As it
follows from this figure, the doping in sample MO854 is
shifted to the upper AlGaAs barrier. It continuation in the
barrier cannot be excluded. In sample MO880
(represented by squares in Fig. 1) a change of switching
sequences (shorter time before starting of Si doping) led
to shift of the delta more to the middle of the well.
Figure 2 shows the typical I-V characteristics
measured at liquid nitrogen temperature in the dark. A
consistent trend of the I-V asymmetry may be observed in
relation to the position of the delta layer in the GaAs well.
These experiments showed that the switching time
sequence (1-5-6) is close to the optimal one. Next
shortening of the doping time led to increase of the I-V
asymmetry probably due to shift of the delta layer closer
to the substrate related barrier.
The authors would like to thank to R. Srnanek, FEI
SUT for bevelling and micro-photoluminescence study.
[1] Liu, H.C., Wasilewski, Z.R., and Buchanan, M.: Appl. Phys.
Lett. 63 (1993) 761.
[2] Luna, E., Guzman, A., and Muňoz, E.: Infrared Physics &
Technology 47 (2005) 22.
[3] Srnanek, R., Geurts, R., Lentze, M., Irmer, G., Donoval, D.,
Brdecka, P., Kordos, P., Forster, A., Sciana, B.,
Radziewicz,D., and Tlaczala M.: Applied Surface Science
230 (2004) 379.
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Fig. 1. Influence of growth conditions on the position of delta
doping in the GaAs well in relation to the width.
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Fig. 2. Typical I-V characteristics measured at T = 77 K for all
samples under study.

39

Institute of Electrical Engineering

Department of Optoelectronics



Novel 2DEG structures for LAO
R. Kúdela, J. Martaus, V. Cambel, and M. Kučera

Typical structures used for tip-induced local anodic
oxidation are based on AlGaAs/GaAs system. This
system has been widely studied in the past and it is wellthought-out at present. An important advantage of the
AlGaAs/GaAs material system is the fact that the ternary
material, AlxGa1-xAs, is nearly lattice matched to GaAs in
the whole range of compositions. A negative property of
AlxGa1-xAs is the high reactivity of Al, mainly with
oxygen. As ternaries with a high content of aluminium are
hygroscopic, they are unusable in devices. Additionally,
the ones with the most interesting compositions (x ~ 0.3)
suffer from high densities of deep levels. The
disadvantage is important especially in sub-micrometer
devices and critical in the structures for local anodic
oxidation (LAO), where the thickness is less than 40 nm.
The AlGaAs surface is usually protected with thin (~
5 nm) cap, but this solution has some disadvantages. The
GaAs has band gap lower than AlGaAs and the
consequence can be redistribution of the charge to the
AlGaAs/GaAs interface. Second disadvantage is a high
density of surface states of the GaAs. Compared to
AlxGa1-xAs, the In1-xGaxP (hereafter InGaP) is chemically
more stable, contains a lower density of surface states,
and exhibits good etching selectivity. Our motivation was
to exploit the advantages of both AlGaAs/GaAs and
InGaP/GaAs systems. We expected better properties from
standard AlGaAs/GaAs structures with a high-mobility
two-dimensional electron gas covered by wider band gap
InGaP layers. The InGaP layers can also improve
passivation or serve as etch-stop layers. Nevertheless,
efficient incorporation of the InGaP layers into
AlGaAs/GaAs system requires good knowledge of
properties of the AlGaAs/InGaP interface. It is important
to know the band offset of AlGaAs/InGaP to be able to
use the system in applications.

Fig. 1. Dependence of the band discontinuities in strained
AlGaAs/InGaP structures on the TMIn ratio.
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Lattice matched AlGaAs/InGaP system has type-II
band alignment and it can be problematic for our
application. Therefore, we studied also interfaces with
strained InGaP. Several strained InGaP layers were grown
by MOVPE and band discontinuities were determined
from photoluminescent measurements. Results can be
seen in Fig. 1. Conduction band discontinuity equal to
zero has been measured on sample with TMIn ratio of
0.414 which corresponds to the ternary In0.34Ga0.66P
according to Vegard’s law. Our X-ray measurements
showed that the InGaP layer was fully strained.
The strained In0.34Ga0.66P layers were incorporated
into our GaAs/AlGaAs structures. We have prepared
several structures with two-dimensional electron gas
(2DEG). They consist of undoped GaAs substrate, 500
nm undoped GaAs buffer, 17 nm AlGaAs spacer, Si
delta-layer, top AlGaAs layer, and strained 3.5 nm InGaP
cap. Delta layers were prepared by keeping the samples in
1.65×10-4 mole fraction of silane during 2 minutes. This
procedure results in a sheet concentration 8.6×1012 cm-2
for the structure with 4 nm spacer and 100 nm top. The
thickness of our top AlGaAs layers for LAO varied from
3 to 12 nm. Electrical properties of the 2DEG structures
were evaluated from Hall measurements from 4.2 to
300 K using van der Pauw method. Measured sheet
concentrations and mobilities are apparent due to the
existence of two parallel charge layers – 2DEG and delta.
Only a small part of electrons is localized at the
GaAs/AlGaAs interface, the rest (about 90 %) is close to
the delta layer and/or on the surface. Strong dependence
of the mobility on the concentration in Fig. 2. supports
the idea that significant part of the electrons is near the
delta layer and it confirms good stability of the InGaP
surface.

Fig. 2. Dependence of apparent Hall mobilities on sheet
concentrations.
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TEM study of multi quantum well structures grown on high index surfaces
P. Štrichovanec, J. Novák, R. Kúdela, M. Kučera, and I. Vávra

To prepare GaAs/AlGaAs-based multi quantum well
(MQW) structures on patterned substrates with metal
organic chemical vapour deposition, two important
conditions should be fulfilled: (i) To reach sufficiently
high and uniform doping levels, growth temperatures
must be above 750 °C. This will secure diffusion-limited
growth conditions, at which the growth rates are
independent on the crystallographic orientation of the
growth front; (ii) However, to preserve the quantum well
interfaces sharp, it is necessary to have growth
temperatures as low as possible. It is important especially
for the growth of MQW structures for quantum well
infrared detectors, in which the desired intersubband
transport strongly depends on the quality of interfaces.
However, low growth temperatures strongly contradict
the first condition.
In this paper, we report on the MOVPE overgrowth of
high [0-11]-oriented ridges confined at sides to facets
related to {n11} crystallographic planes. We prepared
patterned substrates that had ridges with sides tilted at
either 30°, or 45°, or 55°.
The overgrowth of the patterned substrates with the
AlGaAs/GaAs MQW structure was realized in an AIX200
horizontal low-pressure IR-heated reactor at 740 °C. This
temperature was chosen with the aim to reach the
proposed maximal doping level of 1×1018 cm-3 in the
GaAs well as well as to grow a high quality AlGaAs
material. Despite the kinetic growth mode, the growth rate
on the sides of the mesa ridges was sufficient to allow for
the growth of an MQW system of good quality for the
preparation of the quantum well infrared detectors. We
studied the influence of the side tilt on the thickness of the
AlGaAs and GaAs epitaxial layers grown under the

condition of the kinetic growth mode. SEM, TEM and
low-temperature photoluminescence were used for the
characterization of the MQW structures prepared on the
sides of ridges tilted at 54.7°, 45°, and 30° to (100).
Figure 1 illustrates that the AlGaAs barrier and the
GaAs materials grew at variable rates on the top and side
facets of the ridges versus their facet tilt. The figure
clearly shows that the layer thickness for both materials is
close to the expected values of 8 nm and 40 nm,
respectively, only at a facet angle of 30 °. There is only a
small difference in AlGaAs layer thickness on the top and
side (~ 10 %), which can be simply corrected by adjusting
the side facet tilt slightly. This is very important for the
formation of a smooth edge between the top surface and
the side facet. If the growth rates at the top surface and at
the side facet are similar, the quantum well will “make a
smooth transition” over the edge. This is very important
for the excellent operation of the MQW in the devices.
Figure 2 shows a TEM image of the epitaxial structure
at the edge. Although the thickness of the GaAs cap layer
slightly differed between the top surface and the side
facet, the quantum wells “bent” over the edge continually.
The TEM study showed that if the MQW structure is
grown under kinetic mode, the structure is very able to
smooth out small surface features due to roughness and
defects on the patterned substrate. Moreover, when the
features are levelled, the growth continues smoothly in
the formation of further quantum wells.
[1] Štrichovanec, P., Novák, J., Vávra, I., Kúdela, R., Kučera,
M., and Šoltýs, J.: Phys. Status. Solidi C 2 (2005) 1384.
[2] Novák, J., Štrichovanec, P., Vávra, I., Kúdela R., and
Kučera, M.: Microelectronics J. 37 (2006) 1515.
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Fig. 1. Well/barrier thickness ratio as a function of angle
between the side facet and (001) plane.

Fig. 2. TEM cross-sectional image documents a smooth MQW
transition from the top surface to the side facet tilted at 30°.
The figure shows that the cap layer is thicker on the side facet
compared with the top surface.
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Optical characterization of Mn-doped GaAs
M. Kučera, S. Hasenöhrl, and J. Novák

found for future experiments in order to enhance the
concentration of electrically active Mn centers.
In PR, we observed two basic spectra types: either the
Lorentzian curve or a line with Franz-Keldysh oscillations
(FKOs). In Fig. 2, the both types are shown for samples
MO896 (Lorentzian) and MO898 (FKOs). The presence
of FKOs in a PR spectrum signalizes an enhanced
intensity of the surface electric field. Three possible
factors could have caused it: (1) a higher density of
charge carriers, (2) a higher density of charged surface
states, and (3) a sub-surface non-homogeneity with an
accumulated charge. We found out very small differences
in the hole Hall concentration among the samples, so the
cases (2) and (3) seem to be more probable. The case (3)
corresponds with secondary ion mass spectroscopy
results, which showed a strongly non-monotonic
distribution of Mn into the layer depth.
We evaluated the band-gap Eg of the GaAs:Mn layers
from PR spectra. In the inset of Fig. 2, the resulting plot
of Eg vs. p(MeCp)2Mn/pTMGa is depicted. It indicates the
tendency of Eg to lowering with an increase of the Mnprecursor pressure. The band-gap narrowing could result
from two potential effects: electrostatic interactions
among charged particles and/or the formation of a
Ga1-xMnxAs alloy. The Mn-doped samples did not show
remarkable differences in the hole Hall concentration, so
the change in Eg could have been caused by the alloying.
[1] Scheirer, W. and Schmidt, M.: Phys. Rev. B 10 (1974) 2501.
[2] Shen, H., et al.: Appl. Phys. Lett. 63 (1993) 1780.
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GaAs:Mn prepared by low pressure MOVPE was
studied by photoluminescence (PL) and photoreflectance
(PR). A set of samples was grown: reference sample
MO895 with no Mn content and samples from MO896 to
MO900 with the Mn-precursor ((MeCp)2Mn, bis(methylcyclopentadienyl) manganese) pressure in the
growth chamber gradually increasing. The samples were
grown at 600 ºC and a pressure of 2×103 Pa. In the Mndoped samples, p(MeCp)2Mn/pTMGa was varied from 0.015 to
0.045.
In Fig. 1, the impact of the Mn doping on luminescent
properties of the samples is shown. The PL spectrum of
reference sample MO895 shows features characteristic for
epitaxially grown GaAs: a dominant electron-acceptor
transition at 1.490 eV, an acceptor-bound exciton at
1.513 eV and a LO-phonon replica of the electronacceptor transition at 1.454 eV. With Mn-doping the
spectra radically change: a new set of peaks appears in the
energy range 1.3 eV to 1.45 eV. The peaks are connected
with an acceptor originating at the MnGa centre [1]. We
can distinguish three sets of peaks: a no-phonon pair and
their LO-phonon and 2LO-phonon replicas. In each pair,
electron-acceptor and donor-acceptor transitions are
present [2]. Starting with sample MO897, the intensity of
Mn-acceptor-related peaks does not change in the
samples. It implies that increasing the p(MeCp)2Mn/pTMGa
value above approx. 0.025 did not change the
concentration of active Mn centers. The relatively small
PL signals indicate that non-radiative recombination was
dominant. More suitable growth parameters have to be
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Fig. 1. Photoluminescence spectra of Mn-doped GaAs
samples prepared by low-pressure MOVPE.
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Fig. 2. Photoreflectance spectra of two selected samples.
The inset shows a plot of obtained band-gap values Eg vs.
Mn precursor partial pressure.
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Formation of sharp-apex pyramids for active tips used in scanning probe
microscopy
J. Šoltýs, D. Gregušová, R. Kúdela, and V. Cambel
It has been already predicted that the development of
scanning probe microscopy (SPM) techniques will take a
route towards the so-called laboratory on the tip. Such
active SPM tips will have active devices, such as
transistors, Hall sensors, etc., incorporated in their side
facets [1]. This will eliminate the need to measure
physical quantities via transformation to a mechanical
quantity (cantilever deflection), because such active tips
will directly provide for the measurement of electrical and
magnetic fields, temperature, charge, etc. In this
contribution, we report on the micromachining of pyramid
structures using a sacrificial AlAs layer and the
subsequent metal organic chemical vapour deposition
(MOCVD) overgrowth. Such 3D objects will serve as the
basic elements for active tips.
The experimental structure consisted of n-type (100)
GaAs substrate, a 0.1 µm-thick AlAs interlayer, and a
2 µm-thick GaAs cap layer prepared by MOCVD. Four
sets of masking patterns were used: squares, circles,
lozenges, and rotated squares. After etching in a H3PO4 based solution, the GaAs cap and the AlAs layer were
removed using a solution based on HF in ultrasonic
vessel [2]. On the top of the 3D objects, the plateau or
apex was formed, depending on the mask square side
length. The etched 3D objects were about 5 ÷ 7 µm high.
After the formation of the 3D objects with or without a
plateau, the samples were overgrown by MOCVD to form
GaAs about 350 nm-thick n-doped GaAs layer.
The shape of the object etched depends on the mask
topology as well as on the etching process. The AlAs
layer controls the lateral etching rate and it influences the
cross-sectional profile of the GaAs 3D objects. On the
basis of our experiments we found that the rotated squares
were the most suitable mask patterns for the preparation
of tips of pyramidal shape.

Fig. 1. The SEM picture of the etched pyramid. The
micromachining of the GaAs substrates was carried out in
1H3PO4 : 3H2O2: 8H2O solution via the Ti mask patterns.

The quality of the sidewalls, sidewall slope, and
curvature of the tip were studied by atomic force
microscopy (AFM) and scanning electron microscopy
(SEM). In Fig. 1, one can see that the mesa sidewalls are
smooth, with a constant tilt for the selected directions, and
all the crystallographic features and the diffusion profiles
are suppressed. The etching technique applied provides
the formation of symmetric GaAs pyramids with the
sides, tilted at the same 39 º slope. The inset shows a
detail at the apex of the pyramid. A typical diameter of
curvature of the tip is 13 ÷ 35 nm.
In Fig. 2, SEM study of the overgrown pyramid is
presented. One can see that the sidewalls are continuously
covered with GaAs. We observe that the sidewall slope
changes at the upper part of the pyramid from angle 39°
to about 33 °. We suppose that at upper part the layer was
close to the (203) crystallographic plane which is at
33.65 ° to (100).
We evaluated the surface roughness of the sidewalls
using the AFM. The root mean square roughness in the
lower part of pyramids was about 7 nm, whereas a
roughness of 0.8 nm in the upper part was measured. This
finding gives us new possibilities in the future. We will
prepare pyramids with a sidewall slope of 33.7 ° and 45 °
which belong to (203) and (101), respectively. The
roughness of such sidewalls will be probably better after
the overgrowth.
The authors would like to thank to A. Šatka, FEI SUT
Bratislava and I. Kostič, II SAS Bratislava for
collaboration. This work was supported by the Slovak
Agency for R&D, APVV-51-045705.
[1] Bending, S. J.: Adv. Phys. 48 (1999) 449.
[2] Cambel, V., Gregušová, D., and Kúdela, R.: J. Appl. Phys.
94 (2003) 4643.

Fig. 2. The SEM picture of the upper part of the overgrown
pyramid. Smooth surface probably represents a (203)
crystallographic plane.
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Deposition of conformal, planarizing, and bridging resist layers
on microstructured III-V substrates by a “draping” technique
P. Eliáš, D. Gregušová, and P. Štrichovanec
Integration of cantilever probes with active electronic
devices, such as magnetic, electrical, thermal, and optical
sensors, extends the potential of the classical atomic force
microscopy and scanning probe microscopy probes. It is
desirable to integrate the sensors as close to the apex of
the probe tips as possible. To process such devices,
unconventional technological approaches must be applied.
Although lithography can be used for the purpose, the
deposition of resist on surfaces with three-dimensional
(3D) topographies is a challenge.
We investigated an unconventional technique to
deposit photo-resist on substrates with 3D topographies.
Its principle is illustrated in Figs. 1a and b: A thin
AZ5214-E photo-resist sheet (diazonaphthoquinoneDNQ/novolac) is formed on the water surface as the result
of different surface tensions between water and liquid
photo-resist (Fig. 1a). As the sheet forms on the water
surface, its polymer material becomes glassy. The sheet is
then lowered onto a patterned substrate, which traps some
water between the substrate and the sheet (Fig. 1b). While
the water is released through the sheet, it is draped over
the substrate – hence the name: draping technique [1].
The water is released mainly by permeation via the
sheet. Concurrently, water moisturizes, interacts with, and
relaxes the AZ5214-E polymer matrix whose segments
and chains can become mobile. The process is thermally
activated. At a certain temperature, the state of the sheet
begins to turn from glassy to rubbery. The temperature is
called the glass transition temperature Tg.
When the AZ5214-E sheet is soft-baked while being
concurrently permeated by water, the Tg of its material
becomes lower compared with the Tg of standard
AZ5214-E that lies between 110 and 125 °C. The Tg of

the sheets was depressed well below 90–95 °C, which is
the standard soft-bake temperature of AZ5214-E [2].
Upon reaching the glass transition, the stiffness κ of
the sheet is reduced, and it becomes mouldable and
conformable to a 3D topography. The magnitude of the
effect depends on temperature T during drying and on
partial water vapour pressure difference p(T, P, κ). In
general, Tg = f (C(T, p), p(T, P, κ)) is lowered as the
concentration C of water increases with T and p, where P
is the permeability of the sheet. At room temperature T <
Tg, the sheet is glassy and too stiff to yield to adhesion
and capillary forces (F). It cannot conform to a 3D
topography and forms a self-sustained, bridging layer
over it (Fig. 1b on the left). The sheet can yield to the
forces (F) at T ≈ or > Tg and can either contour or
planarize a 3D topography depending on its geometry and
thickness (Fig. 1b on the right). Figure 1c exemplifies
bridging and conformal AZ5214-E layers over a Vgrooved GaAs substrate.
We used the technique to deposit AZ5214-E on
patterned III-V substrates with a variety of sharp-edged
3D topographies, such as mesas confined to ordinary and
re-entrant facets, pillars and stubs defined by
perpendicular facets, and inverted pyramids [2]. The
technique was used for the processing of devices on III-V
patterned substrates.
This research was sponsored under projects APVT-26020902, APVV-51-045705, VEGA 2/6096/26 and VEGA
2/6184/26.
[1] Eliáš, P., Gregušová, D., Martaus, J., and Kostič, I.:
J. Micromech. Microengn. 16 (2006) 191.
[2] Eliáš, P., Štrichovanec, P., Kostič, I., and Novák, J.:
J. Micromech. Microengn. 16 (2006) 2608.

Fig. 1. Draping technique – formation of an AZ5214-E sheet on the water surface and its lowering onto a non-planar substrate
(a);Deposition of glassy sheets at T < Tg (left) and of rubbery sheets at T ≈ or > Tg (right) (b);Bridging and conformal AZ5214-E
layers over a V-grooved GaAs substrate (c).
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Draping technique in the processing of a vector Hall probe
D. Gregušová, P. Eliáš, and R. Kúdela

Symmetrical four-sided ~12 µm high pyramids with
30 °-tilted sides were revealed by the etching of semiinsulating (100) GaAs substrates in 1H3PO4:xH2O2:8H2O
at ~25 °C via sacrificial <001>-oriented Ti/GaAs/AlAs
(100/2000/100 nm) etching mask patterns. The pyramids,
metal organic chemical vapour deposition (MOCVD)overgrown with an InGaP/AlGaAs/GaAs heterostructure,
were used as the base for magnetic field vector sensors.
Each sensor consisted of three Hall probes defined in the
sides of a pyramid. The device processing was realized
via AZ5214-E layers deposited conformally over the
pyramids by draping from water surface. The technology
involves (1) three-dimensional (3D) micromachining of
planar GaAs substrates to reveal pyramids confined to
specific facets; (2) MOCVD overgrowth of the pyramids
with a III-V semiconductor heterostructure; and (3)
device processing to form the Hall probes in the
overgrown facets [1]. The growth rates of GaAs,
AlGaAs, and InGaP were 10, 12.7, and 20 nm/min,
respectively, as determined from the planar (100)
reference sample. The rates were ~1.5 times higher on the
30 °-tilted facets.
The device processing included (1) definition of an
AZ5214-E etching mask pattern for the transfer of the
topology of the Hall probes into the pyramidal facets and
the adjacent (100) surfaces; (2) transfer of the topology
by Ar+ sputtering down through the InGaP/AlGaAs/GaAs
heterostructure into the substrate; (3) definition of an
AZ5214-E lift-off mask pattern for the transfer of the
topology of ohmic contacts to the probes; (4) evaporation
and lift-off metallic films for the ohmic contacts; (5)
alloying of the metallic films.
The non-planar resist deposition in steps (1) and (3)
was realized using the draping technique. It involved (a)
the formation of a floating AZ5214-E layer on the water
surface in a temperature-controlled vessel; (b) the
lowering of the layer onto a patterned GaAs substrate held
under the water surface in the vessel; (c) the draping of
the layer over the substrate via a temperature-controlled

Fig. 1. Pyramid revealed by wet etching using an AlAs
sacrificial layer.

drying process. For each pattern transfer (steps (1) and
(3)), a floating AZ5214-E layer was formed from a 15 µlsized drop of AZ5214-E that spilled over the water
surface in the vessel. The layer was lowered onto the
substrate, dried in the air during 30 minutes, and finally
soft-baked at 90 °C for 5 minutes. The resultant ~5 µm
thick layer was firmly attached to the substrate. It was
exposed using a standard soft-contact aligner and
developed in AZ400K at room temperature. The draping
technique can coat the pyramids reproducibly with nearly
conformal resist layers. When an AZ5214-E layer is
formed floating on the water surface, it is relatively very
planar. The planarity remains practically the same when
the layer is lowered onto the substrate and firmly attached
to the substrate in steps (b) and (c) [2]. In step (a), the
layer is attached only loosely to a patterned substrate, but
it will firmly attach to it during step (c) if the soft-bake is
carried out under appropriate conditions. The layer will
not adhere to the substrate in step (b) partly because it is
visco-elastic and partly because water remains trapped
between the layer and the substrate
The trapped water plays a crucial role in the following
soft-bake treatment: It permeates via the resist layer and
moisturizes it. As a consequence, the layer becomes
plasticized if the temperature is appropriate. When the
AZ5214-E becomes rubbery, adhesion forces will make
the layer conform to the 3D topography and adhere to the
substrate. The draping technique was successfully used
for the dry etching and lift-off processes. It is necessary to
optimize
the
growth
condition
of
the
InGaP/AlGaAs/GaAs heterostructure.
[1] Gregušová, D., Eliáš, P., Öszi, Zs., Kúdela, R., Šoltýs, J.,
Fedor, J., Cambel, V., and Kostič, I.: Microelectronics J. 37
(2006) 1543
[2] Eliáš, P., Gregušová, D., Martaus, J., and Kostič, I.: J.
Micromech. Microengn. 16 (2006) 191.

Fig. 2. Photoresist mask for transfer of the Hall probe pattern
into the heterostructure (a); detail of the photoresist mask (b).
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CCl4-based RIE pattern transfer into facets of mesas
formed by wet etching in (100) InP
P. Eliáš, Š. Haščík, and J. Martaus
The concept of the vector Hall probe magnetic field
sensor (developed for scanning Hall probe microscopy) is
based on the monolithic integration of three (four)
individual Hall probes in the side facets of a micro-sized,
four-sided pyramidal object micromachined in (100) III-V
semiconductor substrates by wet etching. The topology of
the probes is defined both in the side facets and in the
(100) surface of the substrate. The definition can be
realized by wet or dry etching. If wet etching is used, the
etching process must be isotropic to transfer the patterns
undistorted, i.e. the patterns should be etched into all
relevant surfaces and facets at similar (or ideally
identical) etching and undercutting rates. This condition
can be achieved more easily for GaAs than InP. To
process the vector sensor on InP, dry etching techniques
are more appropriate.
We tested reactive ion etching (RIE) in CCl4/He
plasma to transfer patterns into (100) surfaces and {110}-,
and {211}A-related side facets of 9–70 µm high mesa
objects. The patterns were transferred via openings
in conformal AZ5214-E photo-resist layers. The samples
were etched in RIE mode in CCl4/He-based plasma
in a ROTH & RAU MICROSYS 350 machine. The
plasma was generated by a radio-frequency (RF) field at
13.56 MHz supplied via a stainless steel electrode (∅ 200
mm) whose temperature was stabilized at 25 °C by He
flown into the chamber at 4 sccm. Before the introduction
of CCl4/He, the chamber was evacuated to a background
pressure < 5.10-4 Pa. During etching the flow of CCl4/He
was 13.6 sccm. Atomic force microscopy was used to
evaluate r(100), r(110) and r(211)A etching rates for various
RIE conditions.

Fig. 1. Depth etched by RIE into the (100) surface and {110}and {211}A-related facets versus etching time.

46

The RIE yielded r(100) between 8.8 ± 0.4 and 53.8 ±
1.7 nm/min, very little or no trenching, good surface
finish at a chamber pressure P of 0.8 Pa, and self-bias
between –100 V and –150 V. After 10 min long RIE at
0.8 Pa, –150 V and an RF power of 100 W, the (100)
surface had root-mean-square roughness σ = 1.65 ± 0.1 nm
(before RIE σ = 0.59 ± 0.10 nm).
At P = 0.8 Pa and a self-bias of –150V and RF power
of 100 W, (100), {110}, and {211}A were etched at
almost identical rates: r(100), r(110), and r(211)A were 53.8 ±
1.7; 56.0 ± 1.5; and 57.7 ± 2.7 nm/min, respectively, with
r(100) : r(211)A : r(110) ≈ 1:1.07:1.04 (Fig. 1). The etching
process proceeded slightly faster at the {110}- and
{211}A-related surfaces than at (100) because of a higher
efficiency of surface chloride removal from the slanted
surfaces.
The experiment demonstrated that RIE in CCl4/He
plasma is appropriate for the transfer of device topologies
at nearly identical etching rates into the (100) surfaces
and {110}- and {211}A-related facets (Fig. 2). The
etching technique can be used to define key sensing areas
of the vector Hall probe magnetic field sensors and active
cantilever probes.
This research was sponsored under projects APVT-26020902, VEGA 2/3115/23, VEGA 2/3187/23, and VEGA
2/3114/23.
[1] Eliáš, P., Haščík, Š., Martaus, J., Kostič, I., Šoltýs, J., and
Hotový, I.: Electrochem. Solid-State Lett. 9 (2006) G27.

Fig. 2. Definition of test patterns by RIE in (100) surfaces, and
{110}- and {211}A-related InP facets into a depth of about
200 nm during 10 min at 0.8 Pa, –135V and 79 W.
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Performance studies on unpassivated and passivated AlGaN/GaN HFETs
P. Kordoš, D. Gregušová, and J. Novák

Physical properties of GaN make this semiconductor
favorable for the preparation of transistors to be used at
high frequencies and high powers in future
communication and information systems. However,
experimental results in this field show that the material
structure as well as the device fabrication needs to be
optimized to obtain predicted output parameters of
AlGaN/GaN heterostructure field-effect transistors
(HFETs) [1]. We proposed and experimentally verified
some procedures related to the performance improvement
of unpassivated and passivated devices, their reliability,
and to the understanding of their operation. The main
results are summarized as follows (more details can be
found in references given below):
• A simple undoped AlGaN/GaN double-layer
structure is commonly used at the preparation of HFETs.
We applied a modified structure that, comparing to
conventional one, contains thin GaN cap layer (3 nm) in
order to enhance the effective Schottky barrier height as
well as a doped AlGaN interlayer (2×1018 cm-3) to
achieve higher carrier density in the channel. Lower gate
leakage current, higher saturation drain current and
higher transconductance were obtained [2].
• The influence of surface treatment before gate
metallization on the gate leakage and drain current
collapse of the devices was observed. In the case of a
short HCl treatment (~5 s), a relatively small gate
leakage (<10−6 A/mm at −6 V gate bias) but large current
collapse (~30 % after applying 5 µs wide pulses) were
measured. On the other hand, devices with a longer
surface treatment (15–20 s) showed an increased gate
leakage (>10−4 A/mm) and simultaneously a negligible
current collapse (<5 %). It is assumed that a thin
interfacial oxide layer under the gate might be
responsible for a lower leakage current and a larger
current collapse of the devices [3].
• We found that the larger the gate leakage current, the
smaller the drain current collapse of unpassivated
AlGaN/GaN HFETs with thin GaN cap [4] This is
explained by assumption that additional carriers that exist
due to the leakage path can reduce the surface trapping of
electrons, which was comfirmed recently by others.
• Surface passivation between the gate and the
source/drain contacts to suppress the degradation
(current collapse) of GaN HFETs is extensively studied
since recently. We found that the type of passivation
(SiO2 and Si3N4) and its preparation conditions
(thickness, deposition temperature, etc.) can induce
different additional stress (from compressive to tensile)
at the GaN/passivation interface [5]. The sheet charge
density and the saturated drain current increased up to

27 % and 37 %, respectively, with increasing stress from
compressive (-150 MPa) to tensile (50 MPa). For nonstressed conditions, a passivation-induced sheet charge
density of ~1.3×1012 cm-2 is extrapolated. This indicates
that the passivation-induced stress is only a partial effect
of the HFET passivation, compared to the surface states
reduction.
• The current collapse of passivated HFETs was
evaluated by consecutive current-voltage (I-V) sweeps
measured with different integration time (20 ms and
416 µs). This study shows that the devices with 30 nm
thick Si3N4 passivation exhibited the best performance.
However, at least two processes with different time
constants need to be considered [6]. Trapping processes
at the GaN/passivation interface as well as in the
AlGaN(GaN) barrier layer are supposed to be
responsible for the observed behaviour.
• Long-term (up to 150 h) high-electric-field stress of
unpassivated AlGaN/GaN HFETs with GaN cap (that
devices which exhibit very small current collapse but
relatively high gate leakage current before the stress [4])
was studied. The drain current, gate leakage current and
transconductance decrease and the current collapse
increase were found [7]. This observation is compatible
with an assumption that a generation of acceptor traps
during the stress takes place. Observed degradation is
comparable with previously reported results on HFETs
without the GaN cap. This indicates that the GaN cap
itself has no specific impact on high-electric reliability of
AlGaN/GaN HFETs and surface passivation is needed to
ensure stable high-voltage operation.
Presented results were obtained partially by
cooperation with the Department of Microelectronics
FEI STU Bratislava, Slovakia, the International Laser
Center Bratislava, the Forschungszentrum Jülich,
Germany and University of Padova, Italy.
[1] Kordoš, P., in: Handbook of Semiconductor Nanostructures
and Devices, Eds.: A.A. Balandin and K.L. Wang, Amer. Sci.
Publ. (ISBN:1-158883-076-4), Vol. 3 (2006) pp. 95–152.
[2] Kordoš, P., Bernát, J., and Marso, M.: Microel. J. 36
(2005) 438.
[3] Kordoš, P., Bernát, J., Gregušová, D., Marso, M., and Lüth,
H.: Semicond. Sci. Technol. 21 (2006) 67.
[4] Kordoš, P., Bernát, J., Marso, M., Lüth, H., Rampazzo, F.,
Tamiazzo, G., Pierobon, R., and Meneghesso, G.: Appl.
Phys. Lett. 86 (2005) 253511.
[5] Gregušová, D., Bernát, J., Držík, M., Marso, M., Novák, J.,
Uherek, F., and Kordoš, P.: Phys. Stat. Sol. (C) 2 (2005)
2619.
[6] Kordoš, P., Kúdela, P., Donoval, D., and Gregušová, D.:
Semicond. Sci. Technol. 21 (2006) 1592.
[7] Meneghesso, G., Rampazzo, F., Kordoš, P.,Verzellesi, G.,
and Zanoni, E.: IEEE Trans. Electron Dev. 53 (2006) 2932.
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Characterization of AlGaN/GaN MOSHFETs with SiO2 and Al2O3 gate oxide
D. Gregušová, R. Stoklas, K. Čičo, T. Lalinský, J. Novák, and P. Kordoš

Application of a gate oxide to the AlGaN/GaN HFET
combines improvement of the gate leakage current with a
passivation effect of the oxide layer. A key issue related
to the MOSHFET performance is the understanding of an
insulator impact on the properties of an AlGaN/GaN
material structure. We prepared and characterized the
MOSHFET devices using a SiO2 [1–4] and Al2O3 [5] gate
oxide. The SiO2 was used as a typical gate oxide in
semiconductor industry. On the other hand, thin layer of
Al2O3 might better fulfil requirements on a gate material
for GaN-based devices because of its suitable physical
properties. The dielectric constant of Al2O3, ε = 8−10, is
two times larger than that of SiO2 and comparable with
other “high−κ” materials. The breakdown field of Al2O3
is also large, E > 10 MV/cm.
At first, performance of AlGaN/GaN MOSHFETs
with 10 nm thick SiO2 was investigated and compared
with that of unpassivated and SiO2-passivated HFETs.
Passivated HFETs and MOSHFETs yielded an increase of
the sheet carrier density from 7.6×1012 to 9.2×1012 cm-2
and a subsequent increase of the drain saturation current
from 0.75 to 1.09 A/mm [1]. The MOSHFETs exhibited a
gate leakage current of 5×10-10 A/mm [2], which was
about four orders of magnitude lower than that of HFETs.
The small-signal rf characterization of the MOSHFETs
with 0.7 µm gate length showed an extrinsic current gain
cutoff frequency of 24 GHz and a maximum frequency of
oscillation of 40 GHz [3], which are higher than those
typical for state-of-the-art AlGaN/GaN HFETs. This is
explained due to higher drift mobility in the MOSHFET
channel [4]. The output power density of 6.7 W/mm of
the MOSHFETs measured at 7 GHz [1] is about two
times larger than that of HFETs, as shown in Fig. 1. The
results obtained demonstrate the suitability of
AlGaN/GaN MOSHFETs for application in high-

Fig. 1. Output power density of AlGaN/GaN MOSHFET (10
nm SiO2 gateoxide), unpassivated and passivated HFETs.
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frequency and high-power electronics.
Since recently, we investigated performance of
AlGaN/GaN MOSHFETs with 9 and 14 nm thick Al2O3
gate oxide deposited by MOCVD technique [5]. Channel
conductivity
and
capacitance-voltage
(C−V)
measurements (Fig. 2) on the FATFETs (40 µm gate
length) were performed to characterize an impact of the
gate oxide on the properties of material structure used.
Slightly higher drift mobility for given gate voltage for
the MOSHFETs compared with the HFETs but the same
µd − ns dependence with 825 cm2/Vs peak drift mobility
were found. In contradiction to previously reported data,
the extrinsic transconductance for the MOSHFETs is
slightly higher (up to 37 % of the peak values) than that
for the HFET. This indicates on semi-conductive rather
than insulating properties of Al2O3 gate oxide. However,
this observation needs to be studied in more details.
Pulsed current-voltage measurements (pulse width 1 µs)
yielded lower but still measurable current collapse in the
MOSHFETs compared to the HFETs. Nevertheless,
obtained results show that Al2O3 gate oxide, after
optimising its microstructure and thickness, can be
preferable for the preparation of AlGaN/GaN
MOSHFETs.
[1] Kordoš, P., Heidelberger, G., Bernát, J., Fox, A., Marso, M.,
and Lüth, H.: Appl. Phys. Lett. 87 (2005) 143501.
[2] Heidelberger, G., Bernát, J., Gregušová, D., Fox, A., Marso,
M., Lüth, H., and Kordoš, P.: Phys. Stat. Sol. (a) 203 (2006)
1876.
[3] Bernát, J., Gregušová, D., Heidelberger, G., Fox, A., Marso,
M,. Lüth H., and Kordoš, P.: Electron. Lett. 41 (2005) 667.
[4] Marso, M., Heidelberger, G., Indlekofer, M., Bernát, J.,
Fox, A., Kordoš, P., and Lüth, H.: IEEE Trans. Electron
Devices 53 (2006) 1517.
[5] Gregušová, D., Stoklas, R., Čičo, K., Novák, J., and Kordoš,
P.: accepted in Phys. Stat. Solidi ( 2007).

Fig. 2. The C-V characteristics of AlGaN/GaN HFET and
MOSHFETs with 9 and 14 nm Al2O3 oxide.
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The role of surface-layer conductivity in local anodic oxidation by AFM tip
V. Cambel, J. Šoltýs, J. Martaus, D. Gregušová, and R. Kúdela

The nano-oxidation process (or local anodic oxidation,
LAO) by the tip of atomic force microscope (AFM) is
nowadays a standard method used for fabrication of
nanometer scaled structures and devices. LAO can be
applied to semiconductor heterostructures, on which
quantum point contacts, quantum wires, and various
mesoscopic objects can be designed.
The challenge of the present work is to improve the
LAO process itself, i.e., to create narrower oxide lines
that represent higher energy barriers. Present work
summarizes our progress in this field – theoretical and
experimental as well.
We show that the width and the shape of oxide lines
observed in the experiments can be controlled by the
conductivity of the surface layer oxidized [1]. This
founding is supported by a simple electrostatic model.
When the process is applied to structures with lowconductive surface layer, the highest field in the structure
is located at the tip/water/air boundary, and not at the end
of the AFM tip (Fig. 1). In this case the electric field in
the water layer is oriented more or less in parallel with the
sample surface. Consequently, OH- ions that are created at
fields above 109 V/m, are transported in the water layer
far from the AFM tip. This leads to the effect, observed
experimentally, and not satisfactory explained until now:
minima can be created at the centre of written lines.
In the second part of the work [2], linear oxide
patterns were formed by local anodic oxidation using
AFM on an n-doped GaAs substrate, a 10 nm-thick

Fig. 1. Electric field distribution versus cap-layer conductivity in
contact mode. Water layer is 1 nm thick, meniscus radius is
10 nm. Tip of radius 10 nm is placed 1 nm above the 5 nm thick
cap of conductivity σcap = 10-4 S/m. Low cap conductivity shifts
the maximum field apart the central part (shown by white
arrows).

titanium layer, and on shallow GaAs/AlGaAs-based
heterostructures capped either with a 5 nm-thick undoped
GaAs layer or a 2 nm-thick undoped InGaP layer. Each
heterostructure had a 2DEG buried at a specific depth
between 22 and 45 nm. LAO was performed in contact
and non-contact AFM modes with the aim to explain the
phenomenon of single and double line formation
depending on material oxidized. The occurrence of the
phenomenon was also simulated. The results showed that
the occurrence of the double lines is linked with the
thickness of native oxides (Fig. 2). This characteristic can
be employed to check the thickness of native oxide on
semiconductors, or to evaluate of the native-oxide-growth
speed on different materials.
This work was supported by the Slovak Agency for
R&D, APVV-51-045705.
[1] Cambel, V., Martaus, J., Šoltýs, J., Kúdela, R., and
Gregušová, D.: Surf. Sci. (2007) doi:10.1016/
j.susc.2006.12.058.
[2] Šoltýs, J., Cambel, V., Kúdela, R., and Eliáš, P.: Surf. Sci.
(2007), doi:10.1016/j.susc.2006.12.029.

Fig. 2. Local-field maxima as functions of native oxide
thickness on n-doped GaAs substrate as found in the
calculations. For oxide thickness > 2 nm the maximum electric
field is shifted from the end of the tip to the meniscus.
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Preparation of high-energy barriers by local anodic oxidation
J. Martaus, V. Cambel, R. Kúdela, D. Gregušová, and J. Šoltýs

We studied the transport of a two-dimensional
electron gas through a potential barrier prepared on a
shallow GaAs/AlxGa1-xAs/InGaP heterostructure by local
anodic oxidation (LAO) with an atomic force microscope
(AFM). The heterostructure was prepared by organometallic vapor phase epitaxy (OMVPE). The experiment
was supported by a computer simulation of currentvoltage (I-V) characteristics using an ensemble MonteCarlo method, which included molecular dynamics to
account for the electron-electron and electron-donor
interactions. The potential barrier height increased several
times after the oxide removal from the oxide line, which
was probably caused by increased charge trapping at the
surface. High LAO barriers are promising for nanometresized structures or devices used at room temperature.
A sample surface becomes locally oxidized the tip of
an AFM. The process is controlled by a negative voltage
applied to the tip with respect to the sample. If the local
electric field reaches 109 V/m, adsorbed water molecules
disintegrate to H+ and OH– ions. The OH– ions react with
the surface atoms and form oxides. When LAO is applied
to a heterostructure with a shallow 2DEG, it becomes
fully depleted under the locally oxidized areas [1]. This
experiment is usually performed on a shallow δ-doped
GaAs/AlxGa1-xAs heterostructure with a 2DEG prepared
by molecular beam epitaxy.
We studied a δ-doped GaAs/AlxGa1-xAs/InGaP
heterostructure with a 2DEG 31 nm below the surface. It
consisted of a semi-insulating GaAs (100) substrate, a 500
nm GaAs buffer layer, a 17 nm AlGaAs spacer,
Si δ-doping at 8.6×1012 cm-3, a 12 nm AlGaAs cover layer
and a 2 nm-strained InGaP cap layer.
Hall bars with 5 µm-thick arms were defined on the
heterostructure. An oxide line (Fig. 1) was formed by
LAO across one arm of the Hall bar. This formed a
potential barrier that divided the 2DEG of the device into
two symmetric regions.
We
evaluated
temperature
dependent
I-V

characteristics of electron transport through the barrier
before and after the oxide line removal both
experimentally and theoretically (the Monte Carlo
simulations [2]). The characteristics were used to
calculate the barrier height as a function of voltage
applied with and without the oxide. The results, which
differ from those obtained on GaAs/AlxGa1-xAs
heterostructures, are summarized in Fig. 2.
In the GaAs/AlxGa1-xAs/InGaP heterostructures, the
effective barrier heights at 300 mV for a line with and
without the oxides were 55 meV and 270 meV,
respectively (Fig. 2). The difference can be explained by
increased mobile charge trapping at the surface when the
oxide is removed [3].
This work was supported by the project APVV-51045705.
[1] Held, R., Vancura, T., Heinzel, T., Ensslin, K., Holland, M.,
and Wegscheider, W.: Appl. Phys. Lett. 73 (1998) 2.
[2] Cambel, V., Šoltýs, J., Martaus, J., and Moško, M.: J. de
Physique IV 132 (2006) 171.
[3] Martaus, J., Cambel, V., Kúdela, R., Gregušová, D., and
Šoltýs, J. In: ASDAM 2006. Proc. 6th Int. Conf. Eds. J. Breza
et al. Piscataway: IEEE 2006. ISBN: 1-4244- 0396-0. p.
253-256.
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High brightness LED structures grown on graded buffers
J. Novák, S. Hasenöhrl, P. Štrichovanec, P. Eliáš, and I. Vávra

electroluminescence intensity (a.u.)

The most widespread type of a high brightness (HB)
LED is based on a MOCVD-grown structure with a lightemitting PN junction formed in the AlGaInP quaternary
whose composition makes it lattice matched to GaAs
substrate. However, GaAs substrate absorbs a
considerable part of radiation emitted in the active part of
the LED structure. The absorption can be eliminated by
separating the light-emitting structure from the absorbing
substrate. The LED structure is subsequently moved to
GaP substrate applying a wafer bonding technique.
Another possibility is to grow the active LED structure
directly on the GaP substrate covered with an InGaP
graded buffer. The role of this buffer is to change the
lattice constant of InGaP so that its bandgap energy can
reach a visible part of the spectra. The direct-indirect
crossover of InxGa1-xP takes place between xIn = 0.27 and
0.29 [1].
InxGa1-xP layers were grown by low-pressure IRheated MOVPE on sulphur doped (100) exactly oriented
GaP wafer with epi-ready finalization. A 300 nm GaP Si
doped buffer layer (n = 1.9×1018 cm-3) was deposited
before the growth of step-graded Si doped InxGa1-xP
buffer. It consisted of eight 300 nm thick InxGa1-xP layers
with compositional change ∆xIn = 0.04 between the steps.
The growth conditions were described in detail in [2].
The final In content in the top graded buffer layer was
evaluated to be xIn = 0.36 from room temperature
photoluminescence and electroluminescence measurements. The top of the graded buffer the N-P LED
structure consisted of 1000 nm Si doped In0.36Ga0.64P and
of 1000 nm Zn doped In0.36Ga0.64P. The lattice mismatch
represents 2.37 % between the GaP substrate and the top
In0.36Ga0.64P
layer.
At
the
structure
the

1,0

0,8

electroluminescence (EL) peak position at 590 nm was
obtained. A similar growth process was used to prepare
HB LED structures with a final In mole fraction of 0.32,
0.298, and 0.28, respectively.
Typical EL spectra of homo-junction InxGa1-xP LEDs
measured at 300 K by an Ocean Optics spectrometer are
shown in Fig.1. All the measured EL spectra peaks
(depending on a different In content) were in the range
from 562 nm to 596 nm (i.e. from green to orange
colours). All data depicted in Fig. 1 were measured at a
forward current of 30 mA. A typical turn-on voltage close
to 1.7 V and full width at the half maxima of 25 nm were
measured.
Figure 2 shows a transmission electron microscopy
(TEM) crossectional view on the graded buffer with a PN
LED structure on top. As follows from the TEM study,
the main part of the threading dislocations is glided into
interfaces between the graded buffer layers. The number
of threading dislocations in the active layer is very low.
The etch pit density (EPD) measurements made after wet
chemical etching showed that the number of EPD was
comparable with that of the substrate.
This work was done in close cooperation with the
Department of Microelectronics, Slovak University of
Technology, Bratislava within joint project VGF GaP
LEDs.
[1] Novák, J., Hasenöhrl, S., Kúdela, R., and Kučera, M.:
Journal of Crystal Growth 275 (2005) 1281.
[2] Hasenöhrl, S., Novák, J., Vávra, I., and Šatka, A.: Journal
of Crystal Growth 272 (2004) 633.
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Fig. 1. Spectral characteristics of InxGa1-xP- based homojunction
LEDs with different In content.

Fig. 2. The TEM cross-sectional image of the graded buffer
with a LEDs structure on top.
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Switching properties of permalloy elements observed directly by Hall sensor
V. Cambel, D. Gregušová, J. Fedor, and R. Kúdela

Patterned magnetic elements are investigated as
interesting physical objects as well as for their potential
applications in scanning probe techniques. Magnetic
properties of such elements depend significantly on their
shape and thickness. Magnetic moment of alongate
elements are almost parallel to the long axis, and circular
elements tend to form vortex state.
In this work we have studied switching properties of
microstructured permalloy elements (Ni80, Fe20) deposited
directly onto Hall bar. The advantage of the approach
consists of the direct control of the magnetic state of the
element by Hall voltage measurement. The domain
reconfiguration in the element by external magnetic field
can be observed as Hall-voltage jumps in the output
signal of the Hall sensor. We have studied the magnetic
configuration in the element also by magnetic force
microscopy (MFM).
The Hall sensor used is based on shallow
InGaP/GaAlAs/GaAs heterostructure prepared by
metallorganic chemical vapour deposition. A twodimensional electron gas (2DEG) created at the
GaAs/AlGaAs heterointerface serves as an active layer of
the sensor. The structure consists of 500 nm GaAs buffer
layer, 20 nm AlGaAs spacer, δ-like doted region, 20 nm
AlGaAs cap, and 5 nm isolation InGaP cap. The 2DEG
electron concentration was approximatelly 1.2×1012 cm-2
and the electron mobility of 6300 cm2/V/s at room
temperature. Hall probes were defined on the top of the
heterostructure by means of optical lithography using dry
etching. The second step consisted of Ohmic contact
prepared by lift-off after the evaporation of Au-Ge-Ni
metallization. Then a set of microstructured permalloy
elements were fabricated by means of optical lithography

Fig. 1. Hall bar with the permalloy object.
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and lift-off technique. Permalloy magnetic film was
deposited in absence of magnetic field asymmetrically
onto the Hall sensor (Fig. 1).
The switching behaviour of the elements was
observed in the magnetization experiments in which
magnetic field parallel with the longer axis of the element
was applied to the Hall bar. Figure 2 shows the typical
dependence of the Hall voltage versus applied magnetic
field. For certain values of the external field, the magnetic
domain reconfiguration minimizes the total energy that
consists of magnetostatic energy and exchange energy
between the domains, and huge jumps on the Hall voltage
curves are observed.
During the experiment, scanning probe microscopy
was used to inspect the size and the thickness of the
elements, and simultaneously, magnetic force microscopy
was employed to observe the domain configuration in the
element after applying external magnetic field. The insets
of the Fig. 2 show corresponding domain structure as
observed by the MFM [1,2].
The authors would like to thank to G. Karapetrov and
V. Novosad from Argonne Nat. Lab., USA, for the
collaboration. This work was supported by the Slovak
Agency for R&D, APVV-51-045705.
[1] Belkin, A., Fedor, J., Pankowski, P., Iavarone, M., Novosad,
V., Karapetrov, G., Cambel, V., Gregušová, D., and Kúdela,
R.: Applied Physics Lett. 89 (2003) 182513.
[2] Cambel, V., Gregušová, D., Haščík, Š., Karapetrov, G., and
Novosad, V.: In: 14th Inter. Workshop on Heterostructure
Technol. (HETECH 05). Sci Program. & Book of Abstracts.
Bratislava: ElÚ SAV 2005.

Fig. 2. Local magnetic field near the permalloy sample (as
measured by the Hall probe) vs applied magnetic field parallel to
the long axis of the element. Insets: magnetic force microscope
images of magnetic structure of the sample at different external
applied magnetic fields of −2.0 Oe (a), −5.8 Oe (b), −9.3 Oe (c),
−14.9 Oe (d), and −131.0 Oe (e).
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The main research activities of the Department of
Thin Oxide Films include the growth and characterization
of thin metallic and oxide films and structures. They are
prepared using liquid source delivery (liquid injection)
and standard “thermal evaporation” metal organic
chemical vapour deposition (MOCVD) techniques. The
techniques were previously used at the Department to
prepare various types of oxide film. Recently, we have
been focused on the preparation of oxide films and their
application in semiconductor devices with the aim to
increase their performance.
Our Department was involved in the following
research projects during 2005 and 2006:
“Thin oxide films for advanced MOS structures”,
Slovak Research and Development Agency, project
No. APVT- 51- 017004,
“InAlN/(In)GaN Heterostructure Technology for
Ultra-high
Power
Microwave
Transistor”,
ULTRAGAN, 6th Framework Programme, Specific
Targeted Research Project No.006903,
“Thin films and structures perspective for
electronics”, VEGA, project No. 2/5130/25.
The growth of oxide layers was carried out using
home-made MOCVD reactors. The Department uses three
horizontal MOCVD reactors based on a TriJetTM liquid
precursor delivery technology of AIXTRON AG.
The structural characterization of the films was
performed by means of X-ray diffraction using a recently
installed high-performance Bruker AXS D8 Discover
Super Speed Diffraction System. With this versatile
equipment, we were able to analyze very thin films (~
10 nm) using grazing incidence X-ray diffraction and Xray reflectivity measurements.
We prepared and characterized alternative thin highpermittivity (high-κ) dielectric films under the project
entitled “Thin oxide films for advanced MOS structures”.
Such films, along with conducting layers (metallic,
conducting oxides), are developed to be applied in
advanced gate stacks for silicon-based complementary
metal-oxide-semiconductor (CMOS) technology.
Within the project, we have studied properties
dielectric thin films based on rare earth oxides (Gd2O3,
La2O3, Nd2O3 and Pr6O11). The films were prepared by
metal organic chemical vapour deposition. LaSrCoO3
conducting oxide, considered as the potential material for
the gate electrodes, was investigated for its stability in the
hydrogen ambient using in-situ X-ray diffraction.
Great efforts were devoted to the study of properties
of complete gate stacks. We developed a technique to
determine the work function of the gate electrode by
capacitance-voltage measurements using structures with a
gradually etched (slanted) dielectric film. The work
function of the Ru gate electrode was precisely
determined. Based on the value of the Ru work function
and using values obtained by X-ray photoelectron
spectroscopy, we were able to construct the energy band
diagram of the Ru/HfSiO/Si structure. We also studied the

thermal stability, fixed charges and leakage currents of
the Ru/HfSiO/Si gate stack.
Within the ULTRAGAN project, we developed
insulating films for InAlN/GaN high electron mobility
transistors (HEMT). Al2O3 dielectric films were chosen
for this application. At first, we analysed the performance
of a MOS structure based on Al2O3/GaN. We were also
able to summarize the first results on Al2O3 gate insulated
InAlN/GaN MOS HEMT devices.
In the recent years, the Department intensively
collaborated with the AIXTRON AG company in Aachen,
Germany to develop the MOCVD technology for the
application of electrodes and high-κ gate dielectrics in
silicon technology.
The Department enjoyed contacts with institutes and
laboratories from Slovakia and European countries.
Within the project entitled “Thin oxide films for advanced
MOS structures”, we collaborated with the Department of
Microelectronics, Faculty of Electrical Engineering and
Information Technology, Slovak University of
Technology, Bratislava and with the International Laser
Center, Bratislava.
At the international level, we collaborated with the
Department of General and Inorganic Chemistry, Vilnius
University, Lithuania and with the Laboratoire des
Materiaux et du Genie Physique, INPG, Grenoble,
France. The composition of thin films, prepared at the
Department,
were
investigated
by
Rutherford
backscattering analysis under co-operation with the Joint
Institute for Nuclear Research, Dubna, Russia and with
the Instituto de Ciencia de Materiales de Sevilla, CSIC,
Spain. Work on the ULTRAGAN project helped us to
establish fruitful co-operation with the Institute for Solid
State Electronics, Vienna University of Technology,
Austria. We also began to co-operate with the Institute of
Electronic Structure and Laser, FORTH, Greece working
on the technology and properties of GaN-based MOS
HFET transistors with high-k dielectric.
Our activities in high-κ dielectric films were also
supported under a joint research project on the
investigation of properties of Ru/high-κ capacitors with
the Institute of Solid State Physics, Sofia, Bulgaria. We
would also like to acknowledge the contacts with the
Zurich Research Laboratory, IBM Research Zurich,
Switzerland and with the IMEC Leuven, Belgium.
Karol Fröhlich
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Preparation and characterisation of rare earth oxides based MOSFET gate
stacks
K. Fröhlich, R. Lupták, E. Dobročka, K. Hušeková, K. Čičo, and A. Rosová
Rare earth oxide thin films are considered as potential
alternative gate dielectrics for sub 65 nm silicon CMOS
technology. They exhibit high dielectric constant, energy
band gap close to 6 eV, and high conduction band offset
with respect to silicon. We focused therefore on
preparation and characterisation of thin (5 – 20 nm) rare
earth oxide (Gd2O3, La2O3, Nd2O3 and Pr6O11) films [1].
Their properties were analysed by means of X-ray
diffraction (XRD), X-ray reflectivity (XRR), transmission
electron microscopy, (TEM), and X-ray photoelectron
spectroscopy, (XPS). Finally, electrical properties of the
rare earth oxides gate stack with Ru electrode were
evaluated.
We have prepared Gd2O3 and La2O3 thin films by
metal organic chemical vapour deposition (MOCVD)
using thermal evaporation of metal organic precursors.
Nd2O3 and Pr6O11 thin films were prepared by colleagues
at the Vilnius University, Lithuania using liquid injection
MOCVD. The films were grown at 500 oC on silicon
substrate. Formation of amorphous layer for the thickness
below 10 nm was observed by X-ray diffraction for La2O3
and Nd2O3 films. Figure 1 displays X-ray diffraction
pattern of Nd2O3 films with thickness from 7 to 25 nm.
Absence of the strongest 222 diffraction peak indicates
amorphous nature of the 7 nm thin film. In contrast to
Nd2O3,even 6 nm thin Pr6O11 film exhibited fairly well
developped diffraction pattern. Transmission electron
microscopy confirmed presence of amorphous layer close
to the interface with silicon in Gd2O3 and La2O3 films.
XPS analysis revealed presence of carbonates in the
Gd2O3 and La2O3 films. Surface of the La2O3 film was
found to be very sensitive to ambient atmosphere. The
surface layer transformed completely to carbonates after
exposure to air during 50 h. In both films we observed
formation of silicates at the silicon interface. SiO2 layer
was detected at the interface of the Gd2O3 film with

silicon. Even though we have not directly observed SiO2
at the interface with silicon in the La2O3 film, its presence
cannot be ruled out due to close positions of lanthanum
silicate and SiO2 peaks in the O(1s) core level spectrum.
Based on XRD, XRR, TEM and XPS analysis we
concluded that there is amorphous silicate layer present at
the rare earth film/silicon substrate interface in MOCVD
grown films. The thickness of the silicate layer depends
on the particular system and on the deposition conditions.
Enhanced tendency for silicate formation was observed
by XRD, TEM and XPS in La2O3 films with thickness
below 10 nm.
Rare earth oxide films with thickness between 6 and
20 nm exhibited lower dielectric constant κ (12 – 14, see
Fig. 2 for Nd2O3 gate stack) in comparison to thick rare
earth oxide films, presumably due to certain admixture of
SiO2, lower density and/or carbon contamination. MOS
structures with rare earth dielectric films exhibit high
fixed oxide charge densities that can be decreased by
post-deposition annealing, preferably before gate
electrode deposition. Further analysis is necessary to
assess the effect of post-deposition oxygen annealing on
the interface between rare-earth oxide films and silicon.
The authors are grateful to M. Lukosius and A.
Abrutis from the Vilnius University for preparation of
samples and to J. P. Espinos, ICM Sevilla for performing
XPS analysis. This work was supported by the Slovak
grant agency APVV (project APVT-51-017004) and by
VEGA (project 2/5130/25).
[1] Fröhlich, K., Luptak, R., Dobrocka, E., Husekova, K., Cico,
K., Rosova, A., Lukosius, M., Abrutis, A., Pisecny, P., and
Espinos, J. P.: Mat. Sci. in Semicon. Proc. 9 (2006) 1065.
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Fig. 1. X-ray diffraction pattern of Nd2O3 films.
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Growth of Gd2O3 films for advanced MOSFET gate application
R. Lupták, K. Fröhlich, A. Rosová, K. Hušeková, M. Ťapajna, and D. Machajdík
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Fig. 1. Evolution of O(1s) photoemission peak for a Gd2O3/Si
film subjected to depth profiling (see text for details).

[1] Wilk, G.D., Wallace, R.M.,and Anthony, J.M.: J. Appl.
Phys. 89 (2001) 5243.
[2] Gupta, J.A., Landheer, D., Sproule, G.I., McCaffrey, J.P.,
Graham, M.J., Yang, K.C.,Lu, Z.H., and Lennard, W.N.:
Appl. Surf. Sci. 173 (2001) 318.
[3] Lupták, R., Fröhlich, K., Rosová, A., Hušeková, K.,
Ťapajna, M., Machajdík, D., Jergel, M., Espinós, J.P., and
Mansilla, C.: Microelectronic Engineering 80 (2005) 154.
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should be linked to both cations, hence, the peak should
correspond to gadolinium silicate Gd2Si2O7 [2].
For capacitance-voltage (C-V) characterization we
used Ru/Gd2O3/Si structures with the dielectric film
thickness ranging from 6.5 to 17.5 nm. All samples
received the forming gas annealing (FGA) at 470 °C. Fig.
2 shows C-V characteristics of the Ru/Gd2O3/Si
structures. We note the distortion of the C-V curve for the
thinnest Gd2O3 film. Capacitance equivalent oxide
thickness (CET) was determined from the capacitance in
accumulation. From the slope of the CET versus thickness
dependence we determined dielectric constant κ = 11.4
and from the intercept at physical oxide thickness tox = 0,
we obtained interfacial layer thickness tIF = 1.7 nm,
assuming SiO2 at the interface [3]. If we consider
gadolinium silicate at the interface, indicated by XPS, the
interface layer should be thicker, depending on the
gadolinium silicate dielectric constant.
Further optimisation, in particular suppression of the
interfacial silicate layer growth at the Gd2O3/Si interface
is needed to replace SiO2 in CMOS technology.
We would like to thank to J.P. Espinós and C.
Mansilla, ICM Sevilla, Spain for X-ray photoelectron
spectrocopy analysis and M. Jergel, IP SAS for X-ray
reflectivity measurements. This work was supported in
part by the Slovak republic governmental project (2003
SO 51/03R 06 00) and by the VEGA agency.

Capacitance (µF/cm )

Downscaling of device dimensions in the
complementary metal-oxide-semiconductor (CMOS)
technology below 65 nm node demands replacement of
the silicon dioxide gate dielectric by high permittivity
(high-κ) oxides [1]. Such replacement is necessary in
order to suppress unacceptable leakage current
(> 1 A/cm2) through the thin SiO2 gate dielectric. Gd2O3
films are considered as a possible candidate for SiO2
replacement.
We have prepared Gd2O3 films using thermal
evaporation of Gd (TMHD)3 precursor in a low-pressure
hot-wall quartz metal organic chemical vapour deposition
(MOCVD) reactor at 500 °C. The growth rate was
approximately 40 nm/hour.
Crystallinity of as grown Gd2O3 layers was examined
by X-ray diffraction (XRD). The spectra show slightly
distorted polycrystalline cubic structure, with the (2 2 2)
reflection as the strongest peak (not shown).
Composition of the as grown film was studied by Xray photoelectron spectroscopy (XPS) analysis. The most
important characteristics of our films can be deduced
from comparison of the O(1s) spectra, Fig. 1. On the top
of the film (curve a) we notice two peaks in the O(1s)
spectrum, corresponding to O = (Gd2O3) and CO3= species
at 530.6 eV and 532.9 eV, respectively. After removal of
the surface contamination by Ar ions bombardment, we
obtained the O(1s) spectra, typical for the volume of the
film (curve b). Main peak on the spectrum is linked with
O= species (Gd2O3). By sputtering for a longer period, a
new peak emerged at 532.0 eV (curve c). The peak at
532.0 eV reached it maximum intensity after next
sputtering period (curve d) and the peak corresponding to
Gd2O3 (530.6 eV) disappeared. At this stage two different
metallic cations were detected by XPS: Gd+3 and Si+4 on
Gd(3d5/2) and Si(2p) spectra, respectively (not shown).
We suppose that the single oxygen species at 532.0 eV
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Fig. 2. High-frequency (500 kHz) C-V curves for
Ru/Gd2O3/Si MOS structures as the function of Gd2O3
thickness.
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Microstructure of HfO2 and HfxSi1-xOy dielectric films prepared on Si for
advanced CMOS application
A. Rosová, M. Franta, M. Ťapajna, E. Dobročka, and K. Fröhlich
We have studied thermal stability of thin hafnium
dioxide and hafnium silicate dielectric layers [1]. These
materials are considered as possible candidates for SiO2
replacement in sub-45 nm technology node of
complementary metal oxide semiconductor (CMOS) field
effect transistors. In this technology dielectric films
should maintain their properties up to 1000 °C/10 s heat
treatment under N2.
HfO2 and HfxSi1-xOy films with nominal thickness
range from 3 to 6 nm were prepared by metal organic
chemical vapour deposition (MOCVD) in IMEC in
Leuven. The layers were deposited on (100)-oriented ptype boron doped silicon covered with thin chemical
oxide (~0.8 nm). As a gate electrode we used Ru layer
deposited at 350 °C by MOCVD. From capacitancevoltage measurements we estimated dielectric constants
of HfO2 and HfxSi1-xOy films to be 20 and 12,
respectively.
Structure of the films with nominal thickness of 6 nm
was studied by X-ray diffraction in grazing incidence
mode (GI-XRD) on Bruker AXS – D8 Discovery
equipment with X-ray tube with rotating anode.
Transmission electron microscopy (TEM) observations
were performed by JEOL JEM 1200 EX microscope with
120 kV accelerating voltage. In this study we compare
microstructure of HfO2 and HfxSi1-xOy films in as-grown
state and that of rapid thermal annealed (RTA) films at
900 oC.
As-deposited HfO2 layer has polycrystalline character
and HfO2 is present there as a mixture of major
monoclinic phase and second phase. Non-equilibrium
deposition conditions, presence of SiO2 and small size of
growing objects result in presence of unstable tetragonal
or orthorhombic phase as the second phase. RTA
suppresses the unstable phase and favors the monoclinic

phase.
As deposited hafnium silicate films are amorphous
according our GI-XRD measurement. However, TEM
shows in these “X-ray-amorphous” layers presence of
tetragonal or orthorhombic HfO2 clusters of subnanometer or nanometer size. The clusters were
confirmed by dark field mode TEM as well as by wide
diffuse rings on the electron diffraction pattern, see
Fig. 1a. During RTA treatment small HfO2 clusters grow
up and their unstable “second phase” remains, probably
stabilized by small size of grains, amorphous matrix
and/or diffusion of Ru. HfO2 nanocrystallites are
embedded in the amorphous matrix, and they are mutually
isolated, (Fig. 1b). The phase separation can also explain
starting inter-diffusion between HfxSi1-xOy dielectric and
Ru electrode [2] at 900 °C. After crystallization and
growth of HfO2, Si/Hf ratio in the amorphous matrix
increases and the matrix becomes similar to SiO2. As it is
already known, ruthenium inter-diffuses with SiO2 at
temperatures of about 900 °C.
This work was supported by the Slovak grant agency
APVT (project APVT-51-017004). We would like to
thank to T. Schram and S. De Gendt from IMEC, Leuven,
Belgium for providing HfO2 and HfxSi1-xOy films.
[1] Franta, M., Rosová, A., Ťapajna, M., Dobročka, E., and
Frőhlich, K.: Proceedings ASDAM 2006 Conference,
Smolenice, Slovakia, 2006, p. 47.
[2] Ťapajna, M., Hušeková, K., Machajdík, D., Kobzev, A. P.,
Schram, T., Lupták, R., Harmatha, L., and Frőhlich, K.:
Microelectronic Engeneering 83 (2006) 2412.

HfO2

Ru

Fig. 1. Dark field TEM image of HfO2-rich crystallites and corresponding electron diffraction pattern in the as-deposited
Ru/HfxSi1-xOy/SiO2 stack (a) and after RTA at 900 °C (b).
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Phase stability of La0.5Sr0.5CoO3-y films upon annealing in hydrogen atmosphere
A. Rosová, K. Hušeková, D. Machajdík, and K. Fröhlich

Several conducting oxides could be considered for
application as a gate electrode in MOSFET. Strontiumdoped lanthanum cobalt oxide films with La0.5Sr0.5CoO3
(LSCO) composition have been successfully used as
electrodes in ferroelectric-based devices. LSCO films
exhibit low electrical resistivity values (typically a few
100 µΩcm) and are expected to have good chemical
stability with many gate dielectrics.
In a CMOS process flow, MOSFET gate stack should
be post-annealed in hydrogen atmosphere (forming gas
(FG), 10% H2 + 90% N2) to passivate the
semiconductor/dielectric interface. Unfortunately, LSCO
as well as other conducting oxides exhibits limited
stability in reducing atmosphere. To circumvent the
problem we tried to improve the stability of LSCO by
adding small amounts of oxygen during FG annealing [1].
Thin LSCO films were prepared by metal organic
chemical vapour deposition at 800 oC on (001) single
crystal SrTiO3 substrates. The films were analysed by insitu X-ray diffraction using Bruker AXS – D8 Discover
equipment and by transmission electron microscopy.
The evolution of the 002 diffraction peak in pure FG
between 100 and 800 °C is displayed in Fig. 1. Initially
positioned at 2θ = 47.5°, the 002 peak gradually moves
with increasing temperature to lower angles (higher
interplanar distances). Above 225 °C, an abrupt shift of
the peak position develops up to the transition
temperature Tt = 275 °C, above which the peak position
remains approximately constant. At the decomposition
temperature Td = 600°C, the diffraction peak disappears.
In comparison, position of the SrTiO3 002 line at 2θ =
46.463° moves linearly to lower angles with increasing
temperature up to 800 °C.
Similar experiments were carried out in FG containing
0.01, 0.1 and 1 % of O2. To summarize these data, the
temperature development of the out-of-plane pseudocubic

lattice parameter ac, calculated from the position of the
002 line is shown in Fig. 2. Significant influence of small
admixtures of O2 is evident from the upward shift of the
phase-transition temperatures Tt defined by the abrupt
enhancement of the lattice parameter. Tt shifts from about
275 °C in pure FG to 450 °C in FG + 0.01 % O2 and to
650 °C in FG +0.1 % O2. Then the lattice parameter
gradually increases up to the temperature at which the
LSCO structure decomposes.
Transmission electron microscopy revealed that in
pure FG LSCO undergoes a phase transition around
275 °C into a new oxygen-deficient phase with
superstructure. Electron diffraction patterns demonstrate
that this is a transition into an oxygen-deficient ordered
phase with a 0,1/3,0 and 0,2/3,0 superstructures. Addition
of increasing amounts of oxygen to the forming gas
increases the thermal stability of the LSCO phase.
Already 0.01 % mol. O2 enables a shift of the phase
transition temperature above 400 °C; 0.1 % even shifts it
to 650 °C. Original conducting LSCO can be recovered
from the oxygen-deficient phase simply by annealing in
oxygen at moderate temperatures (≥ 430 °C).
The study of thermal stability indicates that LSCO
films can be used as metal gate electrodes in CMOS
technology, where post-annealing in forming gas is
required to passivate the semiconductor/dielectric
interface.

Fig. 1. In-situ X-ray diffraction pattern of the 002 LSCO
diffraction during heating up in pure forming gas.

Fig. 2. Evolution of the LSCO lattice parameter during
annealing in forming gas with various oxygen content.

The authors are grateful to C. Rossel IBM Zurich
Research Laboratory, for performing in-situ X-ray
diffraction and for helpful discussions. This work was
supported by the Slovak grant agency APVV (project
APVT-51-017004) and by VEGA (project 2/5130/25).
[1] Rossel, C., Rosová, A., Hušeková, K., Machajdík, D., and
Fröhlich, K.: J. Appl. Phys. 100 (2006) 044501.
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Precise work function determination of Ru gate electrode
M. Ťapajna, K. Hušeková, and K. Fröhlich

In modern CMOS technology, continuous scaling of
the SiON gate oxide thickness below 2 nm leads to
unacceptable power consumption and reliability issues
due to the direct tunnelling leakage current. In addition,
polycrystalline silicon (poly-Si), used as a gate electrode,
suffers from poly-depletion effect, boron penetration, and
high sheet resistance. Consequently, a dual metal gate
with appropriate metal work function (4.2 and 5.1 eV for
n-MOS and p-MOS field effect transistor, respectively)
should replace the poly-Si [1].
Effective metal work function (Φm,eff) is commonly
determined from the capacitance-voltage (C-V)
measurements of the MOS capacitors with different gate
oxide thickness. However, in this method, the location
and the magnitude of the oxide charge (Qox) is assumed to
be constant for all MOS capacitors. This might not be the
case, especially for high-κ oxides. Therefore, we have
prepared the slanted high-κ dielectric by gradual wet
etching in order to extract precise value of electrode Φm,eff.
As the C-V measurements were performed on the same
wafer, the assumption of constant Qox is fulfilled.
We have analysed Ru/slanted HfxSi1-xOy/Si MOS
capacitors by means of C-V measurement. MOCVD
grown HfxSi1-xOy dielectric with nominal thickness of
9 nm was gradual etched in the HF based solution
(HF/HCl/H2O, [HF]=0.03 m/l, pH=1) [2]. Then the Ru
was deposited by liquid injection MOCVD. After
standard patterning, the samples received forming gas
annealing (FGA) at 430 °C/30 minutes.
Figure 1 shows the extraction of Ru Φm,eff from linear
fit to flat band voltage (VFB) vs. equivalent oxide
thickness (EOT) plot. Note good linearity of the fits. We
obtain Φm,eff of 5.1 and 4.7 eV after deposition of Ru gate
and after FGA, respectively. As we discuss in Ref. [3], the

[1] International Technology Roadmap for Semiconductors
2005 edition, (http://public.itrs.net).
[2] Shamiryan, D., Paraschiv, V., Claes, M., and Boullart, W.:
Proc. of the NATO Advanced Research Workshop on
Defects in High-κ Gate Dielectric Stacks, Evgeni Gusev
(Ed), Vol. II/220, Springer, Dordrecht, 2005, p. 331.
[3] Ťapajna, M., Hušeková, K., Espinos, J.P., Harmatha, L.,
and Frohlich, K.: Mat. Sci. Semicond. Proc. 9 (2006) 969.
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The authors thank to J.P. Espinos, ICM Sevilla, Spain
for UPS analysis and helpful discussion with L.
Harmatha, FEEIT SUT, Bratislava. This work was
financially supported by project No. APVV-51-017004.
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Fig. 1. Extraction of Φm,eff from the linear fit to VFB vs.
equivalent oxide thickness data.
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work function shift is caused by reduction of the thin
RuOx layer presented at the metal/dielectric interface after
deposition. In accordance with the literature, work
function of Ru is 4.7 eV while RuO2 has work function of
5.1 eV.
In order to confirm the value obtained from C-V
analysis, we employed ultraviolet photoelectron
spectroscopy (UPS) for the work function determination.
Figure 2 shows the UPS spectrum measured on the
Ru/HfxSi1-xOy gate stack after FGA. The spectrum was
taken from the Ru gate electrode close to the
Ru/HfxSi1-xOy interface. The onset of the secondary
electron emission (cut off) and the valence-band offset in
the spectrum equal to 21.10 eV and 4.52 eV, respectively,
were determined by fitting the experimental curves with
straight lines. The work function of the Ru electrode was
calculated as a difference between the cut off and the
valence-band offset energy. The Ru work function was
found to be 4.62 eV. Hence, we can conclude good
agreement with the C-V analysis.
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Energy band diagram of the Ru/Hf0.75Si0.25Oy/Si gate stack
K. Fröhlich, M. Ťapajna, K. Hušeková, and R. Lupták

High-κ gate stack of the nanoscale MOSFET is a great
technological challenge. The most important properties of
the MOSFET gate are high capacitance and low leakage
currents. To achieve low leakage current, the gate stack
should exhibit sufficient barriers against emission of
carriers into oxide bands. Conduction and valence band
offsets greater than 1 eV are considered as satisfactory
barrier heights to suppress leakage currents caused by the
emission.
We have analysed Ru/Hf0.75Si0.25Oy/Si gate stack
grown by metal organic chemical vapour deposition
(MOCVD). The HfxSi1-xOy layers were grown by
MOCVD, based technique - AVD® (Atomic Vapour
Deposition®) in an AIXTRON Tricent® system [1]. The
Ru films were deposited by MOCVD at 290 °C
Ru(thd)2(cod) precursor dissolved in toluene.
X-ray photoelectron spectroscopy (XPS) in
combination
with
capacitance-voltage
(C-V)
measurements and reflection electron energy loss
spectroscopy, (REELS), was used to determined valence
and conduction band offsets. Finally, energy band
diagram of the Ru/Hf0.75Si0.25Oy/Si gate stack was
constructed [2,3].
Effective work function of the Ru gate electrode was
extracted from the C-V measurements on wet etched
Hf0.75Si0.25Oy sample (slanted sample). The technique of
the work function extraction from C-V characteristics on
slanted dielectric results in precise results because oxide
charges distribution is constant within the sample.
To determine Ru/Hf0.75Si0.25Oy valence band offset we
analysed the Ru/Hf0.75Si0.25Oy interface by XPS. To reach
the Ru/Hf0.75Si0.25Oy interface, upper part of the Ru film
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was removed by Ar milling until Hf 4f7/2 core level peak
emerged in the XPS spectrum. The spectra were taken
after sequential sputtering and were calibrated against Ru
3d5/2 core level peak positioned at 280.86 eV. The onset of
the spectrum (0 eV binding energy) corresponds to Fermi
level of the Ru electrode. The gradual shift of the Hf 4f7/2
core level peak with the depth we ascribe to charges in the
Hf0.75Si0.25Oy film.
We have determined valence band alignment from
XPS spectra using procedure described by Kraut et al. [4].
The valence band offset was determined as 3.1 eV. Band
gap of the Hf0.75Si0.25Oy was obtained from reflection
electron energy loss spectrum of O1s photoelectrons by
extrapoling the segment of negative slope to the
background level of the first electron loss signal. The
band gap of the Hf0.75Si0.25Oy was determined as 5.5 eV.
Knowing Ru/Hf0.75Si0.25Oy valence band offset we
calculated barrier height between Fermi level of the Ru
electrode and conduction band of Hf0.75Si0.25Oy (2.4 eV)
and finally, affinity of the Hf0.75Si0.25Oy (2.37 eV). Taking
into account affinity of Si (4.05 eV) and Si band gap
(1.12 eV) we determined conduction and valence band
offsets between Hf0.75Si0.25Oy and Si as 1.68 and 2.7 eV,
respectively.
Complete
energy
band
diagram
of
the
Ru/HfxSi1-xOy/Si gate stack is displayed in the Fig. 1. We
found that the barrier heights (conduction and valence
band offsets) are higher than 1 eV and therefore they are
sufficient to suppress leakage currents caused by emission
of charge carriers.
The authors are grateful to AIXTRON A.G for
providing Hf0.75Si0.25Oy films and to J. P. Espinos, ICM
Sevilla, Spain for performing XPS and REELS
measurements. This work was supported by the Slovak
grant agency APVV (project APVT-51-017004).
[1] Van Elshocht, S., Weber, U., Conard, T., Kaushik, V.,
Houssa, M., Hyun, S., Seitzinger, B., Lehnen, P.,
Schumacher, M., Lindner, J., Caymax, M., De Gendt, S., and
Heyns, M.: J. Electrochem. Soc. 152 (2005) F185.
[2] Frohlich,K., Espinos, J. P., Vincze, A., Tapajna, M., and
Husekova,K.: Materials Selection, Role of Interfaces, and
Reliability Implications, MRS Proceedings Vol. 917E, 2006.
Editors: R. Jammy, A. Shanware, V. Misra, Y. Tsunashima,
S. De Gendt. P. 0917-E05-02.
[3] Fröhlich, K., Espinos, J.P., Ťapajna, M., Hušeková, K., and
Lupták, R.: Proc. 6th Int. Conf. on Advanced Semiconductor
Devices and Microsystems. Eds. J. Breza. et al. Piscataway:
IEEE 2006. ISBN: 1-4244-0396-0, Smolenice 16 – 18. 10.
2006, p. 29.
[4] Kraut, E.A., Grant, R.W., Waldrop, J.R, and Kowalczyk,
S.P.: Phys. Rev. Lett. 44 (1980) 1620.

Fig. 1. Ru/Hf0.75Si0.25Oy/Si energy band diagram.
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Thermal stability of Ru/Hf-based dielectrics gate stack
D. Machajdík, K. Hušeková, M. Ťapajna, and K. Fröhlich

The demand for ever increasing density and
performance of electronic circuits has led microelectronic
industry to substantial downscaling of complementary
metal-oxide-semiconductor (CMOS) devices during the
past decades. The most important technological step that
made such a size reduction possible was the utilization of
amorphous SiO2 as the gate dielectric. Its outstanding
electrical and thermodynamic properties, including a high
quality interface of Si/SiO2 stacks, allowed for the
downsizing process and all application requirements for
rather a long period of time. However performance
improvement of microelectronic elements was linked to
a reduction of the SiO2 gate dielectric thickness. As
the result, the classical Si-based CMOS technology has
closely approached its physical limits.
It is generally accepted that the Si/SiO2 stack must be
replaced with new gate dielectric and gate electrode
materials to sustain the increase in device performance
[1]. Nevertheless such new materials must meet
challenging requirements regarding their technology and
electrical properties. Metallic Ru and Hf-based dielectrics,

such as HfO2, HfSiOx and HfSiON, have been considered,
among other materials, for the gate electrode and gate
dielectrics, respectively. The new materials must
withstand rapid thermal annealing (RTA) up to 1000 °C,
which is one of necessary technological steps. This
contribution reports on the thermal stability of the gate
stack systems comprised of Ru/Hf-based dielectrics.
Thin HfO2, HfSiOx and HfSiON layers of 6 nm
nominal thicknesses were prepared by MOCVD at
500 °C in IMEC, Leuven. The layers were deposited on
the (100)-oriented p-type boron-doped silicon, covered
with a 0.8 nm-thick chemical oxide layer. Ru films were
subsequently deposited in a low-pressure hot-wall quartz
MOCVD reactor at a deposition temperature of 350 °C.
The samples were RTA-treated at 800, 900 and 1000 °C
for 10 seconds in pure nitrogen ambient. The thermal
stability of the stacks was analyzed by Rutherford
backscattering (RBS).
The RBS analysis of the Ru/HfO2/Si, Ru/HfSiOx/Si
and Ru/HfSiON/Si gate stacks revealed important
differences between them. While in the stack with an
HfO2 layer we found a small diffusion at both interfaces
already after the application of RTA at 800 °C, the stack
with an HfSiOx layer showed to be stable at this
temperature. However, a small diffusion was identified in
the stack after RTA at 900 °C. The most resistant
appeared to be the HfSiON dielectric based gate stack.
We did not found diffusion in the HfSiON stack even
after annealing at 900 °C (Fig. 1a). RTA at 1000 °C
resulted in a massive diffusion between the layers and
also into the substrate (Fig. 1b) in all types of stack.
This work proved that the presence of Si atoms in Hfbased dielectric improved the thermal stability of the
layer. Furthermore, the additional presence of nitrogen
optimized the thermal stability such a dielectric up to
900°C. Consequently, the use of such gate stacks requires
annealing at lower activation temperature in the CMOS
process and/or an optimization of technology for the
deposition of such layers, which may lead to an
improvement of the thermal stability.
This work was supported in part by the Slovak grant
agency APVV (project APVT-51-017004) and VEGA
(project 2/5130/26). The authors would like to thank to T.
Schram and S. De Gendt from IMEC, Leuven, for
providing HfO2, HfSiOx and HfSiON samples.

Fig. 1. Comparison of a measured RBS spectrum with respective
theoretical spectra:
a) for Ru / HfSiON / Si-substrate. annealed by RTA at 900 °C;
b) for Ru / HfSiON / Si-substrate annealed by RTA at 1000 °C.
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Leakage currents in the Ru/Hf0.75Si0.25Oy/Si MOS capacitor
M. Ťapajna, K. Hušeková, and K. Fröhlich

Hf-based dielectric films are expected to be the first
option to succeed the current SiON dielectrics in metaloxide-semiconductor (MOS) technology. Obviously,
leakage current through such dielectrics is of great
importance. Besides parameters as band gap and band
offsets between Si and the particular dielectric, the
leakage current is also related to the defect levels in the
dielectric band gap. Hence, the leakage mechanism in Hfbased dielectrics should be studied in details.
In this work, we have analysed the current densityvoltage (J-V) characteristics of the Ru/Hf0.75Si0.25Oy/Si
MOS capacitors. Different thicknesses of Hf0.75Si0.25Oy
(tox=3.4, 4, 7, and 9 nm) gate dielectrics were deposited
by atomic vapour deposition (AVD®) by Aixtron A.G.,
Aachen. The thickest film was gradually etched in HFbased solution to prepare the slanted dielectric (SD), i.e.
dielectric with varying thickness. Ru metal gates were
deposited by atomic layer deposition at 300 °C. J-V
characteristics were measured on both, MOS capacitors
with constant thickness (herein referred as uniform
dielectric (UD) as well as SD).
Typical J-V characteristics measured in the
accumulation region on MOS capacitors with
Hf0.75Si0.25Oy thickness of 3.4 and 9 nm are shown in the
Fig. 1. Solid and open symbols in the Fig. 1 represent the
data taken on MOS capacitor with UD and SD,
respectively. In order to identify the plausible current
mechanism, we determined the electron barrier height for
electrons (φb) as 2.4 eV, using X-ray photoelectron
spectroscopy (XPS) and capacitance-voltage (C-V)
measurements [1].
In the Fig. 1, the line in the gate voltage range
between -3 and -7 V represents the Fowler-Nordheim

tunneling simulation (FNT) through the dielectric band
gap with φb = 2.4 eV, and tox= 9 nm. The effective
electron mass in the dielectric (mox) was used as a fitting
parameter. As we obtain good fit, J-V characteristics of
MOS capacitors with tox= 3.4 nm were simulated using
direct tunneling (DT) mechanism with the same
parameters. Again, we obtain very good fit for sample
with SD. J-V characteristics of MOS capacitors with UD,
especially for one with tox= 3.4 nm, deviate from FNT and
DT simulations. This was attributed to the dielectric
surface contamination. Nevertheless, the electrode barrier
height limited current mechanism observed in MOS
capacitors with SD indicates high-quality dielectric films.
We also studied the leakage current at low electric
fields in the oxide (Fox) of the samples with tox= 9 nm.
Although we obtain straight line of J-V data in the socalled Pool-Frenkel plot, the slope was, however, not
consistent with the dynamic dielectric constant. Figure 2
shows the ln(J/Fox) vs. Fox representation of J-V data with
very good linearity, that indicates the hopping effect.
Therefore, we suppose that electrons are injected into the
deep levels in the dielectric band gap and then they tunnel
to another level. This results in hopping-like trap-assisted
tunneling with more than one level involved in the
transport.
This work was financially supported by project No.
APVV-51-017004. The author thank to Aixtron A.G.,
Germany for providing Hf0.75Si0.25Oy samples.
[1] Ťapajna, M., Hušeková, K., Espinos, J.P., Harmatha, L.,
and Frohlich, K.: Mat. Sci. Semicond. Proc. 9 (2006) 969.
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Fig. 1. J-V characteristics of Ru/HfSiOx/Si MOS capacitors.
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Fixed charges in Ru/HfxSi1-xOy/Si metal oxide semiconductor gate stack
K. Fröhlich, R. Lupták, K. Hušeková, K. Čičo, and M. Ťapajna

Hafnium silicate is considered to be a promising
dielectric
material
for
advanced
metal-oxidesemiconductor field effect transistor (MOSFET) devices.
It has high dielectric constantκ, while preserving an
interface quality comparable to that of SiO2/Si.
Furthermore, due to the SiO2 content, hafnium silicate
remains amorphous even at elevated temperatures.
Unfortunately, as all high-κ dielectric film, also
hafnium silicate layers suffer from large amount of fixed
charges. Origin of the fixed charges in high-κ films is not
completely understood. A shift in the flat band voltage
due to fixed charges results in unacceptable transistor
threshold voltages. Furthermore, charges in the dielectric
film cause scattering of carriers in the field effect
transistor channel, thereby reducing their mobility. The
amount of fixed charges in dielectric films is dependent
on deposition and post-deposition processes.
In our work we focused on the influence of postdeposition annealing in forming gas (10 % H2 + 90 % N2)
on fixed charges in Ru/HfxSi1-xOy/Si gate stack [1].
The HfxSi1-xOy layers were grown by a metal organic
chemical vapour depostion (MOCVD) derived technique AVD® (Atomic Vapor Deposition®) in an AIXTRON
Tricent® system at 550 °C. The Ru films were deposited
by MOCVD at 300 °C using Ru(thd)2(cod) precursor
dissolved in n-octane.
We have investigated Ru/HfxSi1-xOy/Si gate stack
structures containing HfxSi1-xOy films having Hf/Si =
75/25 and Hf/Si = 50/50 compositions. The HfxSi1-xOy
films with the composition Hf/Si = 75/25 exhibited a high
dielectric constant κ = 18, as determined from the slope of
the equivalent oxide thickness (EOT) vs. physical
thickness.
Figure 1 displays the effect of annealing in forming
gas (FGA) at temperatures from 430 to 550 °C on
capacitance-voltage (C-V) characteristics of the
Ru/Hf0.75Si0.25Oy/Si gate stack with 7 nm oxide film. The
characteristics were measured at 1 MHz. With increasing

Fig. 1. Capacitance-voltage characteristics of Ru/Hf0.75Si0.25Oy
structures annealed at different temperatures in forming gas.

64

annealing temperature up to 550 °C the C-V
characteristics shift to negative voltage. The flat band
voltage VFB (i.e. shift of the C-V characteristics) in a real
MOS structure is a sum of the voltages from the fixed
charges and the difference between work function of the
metal and semiconductor substrate. Constant Ru work
function 4.62 eV was obtained from ultraviolet
photoelectron spectroscopy (UPS) for both samples
annealed at 430 and 550 °C. Therefore, the shift of the CV characteristics was attributed to the fixed charges in the
oxide film. Calculated fixed oxide charge density in the
Hf0.75Si0.25Oy film annealed at 430 °C is -5.3 × 1012 cm-2.
With increasing annealing temperature up to 550 °C the
capacitance-voltage characteristics shift to negative
voltage. This indicates a decrease of negative fixed
charges, or compensation of negative charges by an
increase of positive charges in the oxide film with
annealing temperature.
Summary of results is shown in the Fig. 2. With
increasing annealing temperature, amount of fixed
charges Nox decreases. This could be explained by the
formation of positive centers [Si2=OH]+ in the HfxSi1-xOy
film during annealing in hydrogen at elevated
temperatures. The density of interface traps Dit , obtained
from the C-V measurements showed the lowest values
after a forming gas anneal at 430 °C.
The authors are grateful to AIXTRON A.G for
providing Hf0.75Si0.25Oy films and to J. P. Espinos, ICM
Sevilla, Spain for performing UPS measurements. This
work was supported by the Slovak grant agency APVV
(project APVT-51-017004).
[1] Fröhlich, K., Lupták, R., Huseková, K., Cico, K., Tapajna,
M., Weber, U., Baumann, P.K., Lindner, J., and Espinós,
J.P.: J. Electrochem. Soc. 153 (2006) F176.

Fig. 2. Density of fixed charges Nox and interface traps
densityDit as a function of forming gas annealing.
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Measurement of surface generation velocity on Ru/HfO2/Si MOS capacitor
M. Ťapajna and K. Hušeková

Despite rapid progress in the preparation of gate
dielectrics with high dielectric constant (high-κ) for
advanced metal-oxide-semiconductor (MOS) technology,
the gate oxide-Si interface and the sub-surface Si are of
low quality. Measurement of surface generation velocity
(sg) and generation lifetime (τg) represents an excellent
tool for further technology optimization, as these
quantities are directly connected with the electrical
activity of defects in the regions of interest. However,
MOS capacitors with high-κ dielectrics suffer from high
leakage current that disqualifies conventional technique
for sg and τg evaluation. Liu et al. [1] determined τg using
the leakage current of inverted MOS capacitor. We
extended his analysis for sg determination on a
Ru/HfO2/Si MOS capacitor grown by metal organic
chemical vapour deposition (MOCVD).
Consider a MOS capacitor composed of a p-type
substrate, thin high-κ oxide and metal gate. Under
positive bias condition, silicon substrate represents the
cathode. The leakage current is limited by supplying of
the electrons in Si. Since Si is not able to provide a
sufficient amount of minority carriers, the capacitor is
driven into deep-depletion. In this state, generation
process is responsible for supplying of electrons and the
leakage current can be rewrite as generation current [2]
qn 2ε 0κ Si
(1)
( V − 2ϕ + V )+ qn s
J = i

MOS capacitors grown by MOCVD. Patterned samples
receive forming gas annealing (FGA) at 430 and
510 °C/30 min. As the dielectrics (with oxide thickness
ranges from 2 to 6 nm) were polycrystalline, the leakage
was not limited by the oxide itself but it flows through
grain boundaries.
Figure 1 shows the typical current density-voltage (JV) characteristics of the samples after FGA at 510 °C
measured in the dark. Clearly, leakage currents at
inversion condition are saturated due to slow process of
thermal electron-hole pair generation. Extraction of τgeff
and sgeff for different thermal treatment is shown in Fig. 2
and one can conclude good linearity of the data. We
obtained values of τgeff = 80, 90, and 200 ns and values of
sgeff = 5.8, 4.1, and 0.9 m/s for samples after deposition,
after FGA at 430 °C, and after FGA at 510 °C,
respectively. Note that SiO2-Si system shows typical
generation lifetime in order of 10-4 s and sgeff in the order
of 10-3 m/s. It is likely that metallic contaminants
incorporated into sub-surface Si during high-κ and/or
metal gate deposition are responsible for such high sgeff
and low τgeff.
The authors thank to S. De Gendt and T. Schram
from IMEC Laboratories, Leuven, Belgium for providing
the gate dielectrics and helpful discussion from L.
Harmatha, FEEIT SUT, Bratislava. This work was
supported by the project No. APVT-51-017004.

where τgeff and sgeff denotes effective values of τg and sg,
respectively, and other symbols have their common
meaning. Hence, the τgeff and sgeff can be evaluated as the
slope and the intercept of Jg vs. ( Vg − 2ϕ F + VFB ) plot,

[1] Liu, C.Y., Chen, B.Y., and Tseng, T.Y.: J. Appl. Phys. 95
(2004) 5602.
[2] Ťapajna, M., Hušeková, K., and Harmatha, L.: Solid-State
Electron. 50 (2006) 177.
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Optimization and performance of Al2O3/GaN metal-oxide-semiconductor
structures
K. Čičo, J. Kuzmík, D. Gregušová, R. Stoklas, T. Lalinský, and K. Fröhlich
Conventional Schottky-barrier III-V transistors suffer
from high gate leakage currents. Reduction of the gate
leakage current can be achieved by employing an
insulated gate metal-oxide-semiconductor (MOS)
technique. We deposited Al2O3 film between GaN and
gate electrode. In this paper, we investigate influence of
various pre-treatment on electrical properties of
Ni/Al2O3/GaN MOS structures.
For the present study, the MOS and the reference
Schottky-based structures were fabricated using n-type
GaN (doped to 2x1017 cm-3) grown on sapphire. Before
deposition of Al2O3 film, the samples were dipped into
HCl/H2O (1/2) solution for 20 s. Several technological
parameters were varied for the GaN MOS structure
processing. We tested in-situ exposure either to O2 for 5
min. at 500 °C, or ramp heating up to 600 °C in Ar
atmosphere, or ramp heating up to 750 °C in NH3
atmosphere, respectively. Afterwards Al2O3 was grown
by liquid injection MOCVD technique at 600 °C using
aluminium acetyl-acetonate dissolved in toluene.
Thickness of the deposited film was 14 nm.
Comparison of current density-gate voltage (J-V)
characteristics of the MOS structures (Fig. 1) with a
characteristic of the Schottky barrier diode shows a clear
decrease of the leakage currents, from 3 to 5 orders of
magnitude in the reverse bias. In the forward bias, NH3treated samples show diode-like (i.e. exponential J-V)
characteristics. Significant decrease of leakage current in
the forward bias was observed for samples with O2 pretreatment, and for samples with Ar pre-treatment annealed
at 400 °C. We assume that changes in the forward bias
are related to different interface states distribution at the
Al2O3/GaN junction. Interface states may cause pinning
of the Fermi level (EF) and consequently increase the
potential barrier. Elucidation of this phenomenon is in
progress.
As a next step we have measured break down voltage
of the Al2O3. The electrical strength of the film with

14 nm was determined to be about 6.1 MV/cm for Ar pretreated samples and O2 pre-treated samples. Value of
break down voltage in NH3 pre-treated samples could not
be determined due to high values of leakage currents.
From thermal J-V measurements we extracted barrier
height ΦS-I ~ 1.6 eV and ~ 2.5 eV for O2 and Ar treated
samples, respectively. However it seems that no
semiconductor-insulator barrier ΦS-I, which would reduce
the forward leakage current, is created if the NH3 pretreatment is used. Alternatively, barrier height at the
metal-insulator interface ΦM-I (reverse direction) was
determined to be ~ 3.5 eV. Estimated values of the barrier
heights are in good agreement with theoretical values [1].
Capacitance-voltage (C-V) characteristics of structures
with various pre-treatment are shown in Fig. 2.
Capacitance values of the Al2O3 film indicate permittivity
to be 9.7, 4.1, and 3.2, for NH3, O2, and Ar pre-treatment,
respectively. Lower apparent permittivity values for O2
and Ar pre-treatment may be due to the “residual” space
charge region in GaN, which is caused by the Fermi level
pinning at ionized acceptor-type (i.e. negatively charged)
interface states as the contact positive bias increases. NH3
pre-treatment seems to lead to the low interface state
density and, consequently, correct permittivity values are
obtained in this case. The unique effect of the NH3 pretreatment complies also with previous observation in
diodes J-V performance (Fig. 1).
This work was supported by the 6th FP project
ULTRAGAN, contract No. 6903.
[1] Čičo, K., Kuzmik, J., Gregušová, D., Lalinský, T.,
Georgakilas, A., Pogany, D., and Fröhlich, K.: In: ASDAM
2006. IEEE 2006. p. 197.
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Gate insulation for the InAlN/GaN HEMTs
J. Kuzmík, K. Čičo, and K. Fröhlich
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[2] Kuzmik, J., et. al.: IEEE Trans. on Electron Devices 53
(2006) 422.
[3] Medjdoub, F., et. al.: Electronics Lett. 42 (2006) 779.
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Rsheet however if NH3 pre-treatment is used. In addition,
the channel sheet resistance Rsheet is increased by about
40 %. Thus we assume that EF at the surface is moved
deeper into the bad-gap of InAlN if the NH3 pre-treatment
is used.
In Fig. 2 we present the output and the gate leakage
characteristics of InAlN/AlN/GaN MOS HEMTs. The
threshold voltage of the transistor has been increased from
about –6 V for the Schottky contact gate HEMT to about
–8 V for the MOS HEMT, due to the decreased
capacitance of the gate contact. The same time the gate
contact shows extremely low leakage, only about
1 nA/mm at VDS = 10 V and VGS = 0 V. The HEMT could
operate up to VGS = 4 V without significant increase of the
gate leakage (not shown). At this bias condition the drain
current density was about 1 A/mm which is an
unprecedented value taking into account the geometry of
the present device (gate length 2 µm and source-drain
distance 8 µm) and the sapphire wafer. Pulsed testing of
the device (not shown) confirmed collapse-free
performance of the device.

Drain current (A/mm)

Gate current (mA/mm)

InAlN/GaN HEMTs represent an attractive alternative
to already established AlGaN/GaN HEMTs because of
very high piezoelectric-induced electron density n2DEG in
the quantum well channel [1-4]. However high leakage
currents through the InAlN/GaN Schottky barrier gate has
been observed [2] and the gate insulation seems to be
needed for the HEMT optimal performance. We
investigate technology and properties of the
InAlN/AlN/GaN HEMTs with Al2O3 gate insulation. We
use different methods of the surface pre-treatment before
the Al2O3 deposition, analyze the impact on device
performance using different test structures, discuss the
position of the Fermi level EF at the surface and we
present the performance of the InAlN/AlN/GaN MOS
HEMTs.
The InAlN/AlN/GaN structures have been grown on
sapphire by MOCVD [4]. Hall experiment indicated n2DEG
= 3 x 1013 cm-2 and mobility µ = 815 cm2/Vs. 10 nm thick
Al2O3 insulating film was deposited at 600 °C by
MOCVD in the processing sequence after ohmic contacts
annealing. We tested three different methods of the InAlN
in-situ pre-treatment before the oxide deposition:
exposure either to O2 for 5 min. at 500 °C, ramp heating
up to 600 °C in Ar atmosphere, ramp heating up to 750 °C
in NH3 atmosphere. Optical lithography was used to
define 2 µm gate length devices.
Experimental results on HEMT gate contacts show
that MOS approach reduces the reverse leakage in
comparison to the Schottky barrier diodes and the highest
reduction (up-to seven orders of magnitude) was observed
for the Ar pre-treatment, see Fig. 1. Analyses of the
impact of the Al2O3 on the channel sheet resistance Rsheet
using the transmission line model (TLM) test structure
show that Ar and O2 pre-treatment have no impact on

Fig. 2. Output and gate leakage performance of 2 µm gatelength InAlN/GaN MOS HEMT.
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In 2005 and 2006, the department focused mainly on
the detailed study of thin nanocomposite films. The films
were prepared using a modified magnetron sputtering
system, which had previously been used to deposit
metallic superlattices.
Our nanocomposite films are periodic multilayers that
contain non-continuous metallic and continuous
insulating sublayers. The metallic sublayers are composed
of crystalline nucleation islands (in-plane dimension of
a few nanometers) separated by amorphous insulating
sublayers.
The deposition method has the following advantages:
(1) metallic particles of crystalline perfection can be
deposited; (2) it is possible to easily control the distance
between the particles in the normal direction of the film
plane. The quality of our nanocomposite layers was
confirmed by electrical characterization, e.g. by Coulomb
blockade observed at a low temperature.
The department is involved in a project entitled
“Nanocomposite thin films and coatings” supported by
the Slovak Grant Agency, VEGA. Within the project, we
have studied the structural, electrical and mechanical
properties of nanocomposite films.
The department participated in two APVT projects:
“Integrated MEMS sensors of electromagnetic radiation
based on magnetoresistive thin films” and “Nontraditional multiphase nanostructured materials with
extraordinary physical properties”. Great efforts were
expended for the development of the epitaxial growth of
manganite perovskite layers on the GaAs substrate using
MgO as a buffer layer.
Besides the study into the nanocomposite films
prepared at the Institute, we also investigated samples
prepared by other techniques under bi-lateral cooperation
with our partners.
In the last two years, we collaborated very effectively
with MFA Budapest within the project “Thin
nanocomposite films”. Our main contribution was the
application of electrical methods for the characterization
of nanocomposite Ti-C. The results of the work were
published in Carbon 43 (2005) 2192.
Two of our bilateral projects were focused on
superconducting nanocomposites: “Study of the transport
properties of superconducting nanograins in dielectric
matrix” (collaboration with CNR Padova) and “Study of
nanogranular superconductors” (collaboration with JINR
Dubna). The former yielded a paper published recently in
Phys. Rev. B 75, 024423, 2007.
Two doctoral theses were completed at our
department:
“Structural
characterization
of
nanocomposite thin films” (successfully defended by K.
Sedláčková) and “Magnetic properties of selected microand nano-structured materials” (submitted by P.
Majchrák).
The department participated in the organization of two
national conferences on nanotechnology entitled
“Nanoved”, and it is also active in the preparation of the
up-coming Nanoved 2007 conference.

The basic experimental equipment available at the
department includes:
• cryopumped vacuum apparatus for the deposition of
periodic multilayers by magnetron sputtering,
• cryopumped vacuum apparatus for the ion-assisted
deposition and ion beam etching,
• JEOL1200EX transmission electron microscope,
technology of cross-sectional TEM specimens,
• BS340 scanning electron microscope adapted to perform
simple direct electron lithography,
• measuring stand for electro- and magneto-transport
measurements in the range of 4–300 K and magnetic
fields up to 1.7 T.
To perform successful research into nanomaterials,
“sophisticated”
vacuum
technology,
detailed
nanostructural analysis, special lithographic techniques
and sophisticated electrical measurements are necessary.
Also, it is a prerequisite that the staff members work
together very intensively. I would like to express my
gratitude for the work my colleagues have done within the
two-year period.
Ivo Vávra
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Ferromagnetic resonance in nanosystems – discontinuous multilayers
Fe97Si3/SiO2/Fe97Si3
P. Majchrák, I. Vávra, P. Lobotka, and J. Dérer
In this study, the granular films were fabricated in the
form of the multilayer consisting of discontinuous
ferromagnetic (FM) metal and continuous insulator layer.
Sequential deposition technique used for preparation
of discontinuous multilayers (DMs) provides great
advantage in a sense that their magnetic or
magnetotransport properties can be effectively controlled
by varying a nominal thickness of constituents.
At first we approximated the DM without exchange
coupling (EC) as a system consisting of parallel layers of
the identical magnetic dipoles lying in a square lattice.
The internal field at given nanoparticle position is a sum
of external field, dipolar fields of all other nanoparticles
and its own demagnetizing field.
The resonance field H for single layer in external field
normal to the sample plane is H = ω/γ + 3/2h0, h0 is the
dipolar field produced by the remaining particles of the
same layer, ω is the frequency and γ is gyromagnetic ratio
[1]. In multilayers the resonance field splits into
Hout=H-hc and Hout=H-2hc for outer and inner layers
respectively, with amplitudes proportional to the ratio of
the inner and outer layers. The dipolar field hc is produced
by magnetic particles in other layers [1].
We assume that the qualitative description of the
observed multiresonance ferromagnetic resonance (FMR)
spectra is based on the dipolar interparticle interactions
and EC via the insulating spacer (Fig. 1). The resonance
curve splits due to dipolar coupling in terms of theory
mentioned above and in terms of approximation for
exchange coupled multilayers. The origin of the EC we
ascribe mostly to the electrons tunneling through the
oxide barrier. This fact is also proved by electrical
measurements. The tunneling magnetoresistivity implies
the presence of the tunneling, which is the necessary
condition for the EC mediated between particles via
tunneling electrons.

Fig. 1. Idealized geometry of DM. External field H is acting
on system of magnetic moments µ, which represents the
granules of DM. Springs, depicted between particles, stand
for the EC.
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Room
temperature
multifrequency
FMR
measurements of DMs with various FeSi particle layer
and oxide spacer thicknesses reveal two resonances
(optical and acoustic mode) typical for exchange-coupled
systems (Fig. 2). The precessional motions of
nanoparticle magnetic moments are coupled that gives
rise to an acoustic mode in which all the magnetic
moments precess in phase as well as to the optical mode
in which the magnetic moments precess in antiphase:
2J
− 32 h0 ) .
ω AC = γ ( H − 32 h0 ) , ωOP = γ ( H − dM
Magnetic coupling was determined from the relative
positions of these modes. The optical mode is located at a
higher field than acoustic mode (which is mostly more
intensive) for the antiferromagnetic coupling, and vice
versa for FM coupling. We observed relatively high
values of total FM exchange coupling J = –3.5; –2.8 and
–2.9 mJ/m2 for samples (A), (B) and (C), respectively (see
Fig. 2 caption for sample parameters). Measured high
values of the EC is signifying, that also other kinds of
exchange-coupling between Fe particles are conceivable
as proposed in ref. [2].
FMR technique used for magnetic characterization of
DMs with proper modification of the resonance theory for
the thin films and multilayers is able to provide the direct
measure of dipolar and exchange coupling.
The authors would like to thank to Zdeněk Frait from
IP ASCR, Prague and to Denis Horváth from IP, Šafárik
University, Košice for collaboration.
[1] Kakazei, G.N., et al.: J. Appl. Phys. 97 (2005) 10A723.
[2] Toscano, S., et al.: In Magnetism and Structure in Systems
of Reduced Dimension, edited by R. F. C. Farrow et al.
(Plenum Press, New York 1993) p. 257.

Fig. 2. FMR at 25 GHz, three DMs with various Fe97Si3 and
oxide spacer thickness (A) Fe97Si3 layer thickness is 3,2 nm,
SiO2 is thick about 2.3 nm thick; (B) 4.8 nm Fe97Si3 layer
and 1.8 nm SiO2; (C) 8.5 nm Fe and 1.4 nm SiO2. Due to
stronger dipolar interaction, caused by higher particle
diameter to separation (a in Fig. 1) ratio, the splitting (it is
indicated by arrows for sample (C)) of optical modes in (B)
and (C) are more evident.
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Spinwave excitations in arrays of magnetic dots
P. Majchrák, I. Vávra, V. Šmatko, E. Kováčová, and J. Dérer

Dynamic microwave properties of arrays of circular
Fe97Si3 dots were studied by ferromagnetic resonance
(FMR) technique in wide range of frequencies at room
temperature. All of the dots had the same lattice
parameter 4 µm, thickness 40 nm, and were arranged into
square array with different dot diameters (D = 1.5-2.2
µm). In the case of perpendicular magnetization multiple
resonance peaks were observed below the main FMR
peak (Fig. 1). For all the samples the relative positions of
individual resonance peaks were independent of the
separation between dots in the array, while the absolute
field positions of the peaks changed with the change of
the dot separation. This property of the FMR spectra in
perpendicularly magnetized dot arrays indicates that the
dipole–dipole interaction between the dots creates an
additional effective perpendicular bias field, but does not
change the structure of the spectrum of spin wave modes.
Thus, in the following we interpreted our experimental
results as mostly determined by the size, shape, and
properties of the individual magnetic dots [1].
To explain the experimentally observed FMR spectra
we used dipole-exchange theory of spin wave spectra in
unrestricted in-plane magnetic films, where quantization
of the in-plane component of the wave vector due to the
finite radius of the dot was taken into account. For a
perpendicularly magnetized unrestricted inplane magnetic
film of the thickness L an approximate diagonal dipoleexchange spin wave dispersion equation [2] can be
written in the form similar to the form of a classical
Herring–Kittel spin wave dispersion equation in a bulk
sample.

Fig. 1. Spin wave spectra of a) continuous Fe97Si3 film and
b) array of magnetic dots (diameter 2.2 µm) made of this
thin film in external field normal to the sample plane at 17
GHz. No sight of periodic spectra was found for continuous
film, supporting the idea that the additional modes with
discrete frequencies are due to the confined in-plane
geometry of the patterned films and have magnetostatic
nature.

It is natural to assume that in the cylindrical geometry
the dipolar eigenmodes of a thin disk-like dot excited by
FMR will have a shape of a zeroth-order Bessel function
(Fig. 2). Subseqently it was necessary to averaged
properly the inhomogeneous internal bias field inside a
nonellipsoidal dot for different spatial profiles of standing
spin wave modes (Fig. 2).
Using the theory mentioned above we can compute
resonance field at given frequency just for first spinwave
mode. These parameters are crucial for ultrafast
magnetization proceses used in novel magnetic recording
and sensing devices based on the small magnetic
particles.
Moreover from measured first spinwave modes we
estimated directly strenght of the interdot dipolar
interaction. Interaction field was about 40-56 mT for dot
separations 1.8-2.5 µm.
For higher spinwave modes we used model in which
the volume magnetization is nonuniform within the film
(Fig. 2), such a model led to a uniformly spaced spinwave
spectrum [3]. Uniform character of spinwave spectrum
was clearly confirmed by linear fit of the measured
resonance fields for higher modes.
The authors would like to thank to Zdeněk Frait from
IP ASCR, Prague and to Denis Horváth from IP, Šafárik
University, Košice for collaboration.
[1] Kakazei, G.N., Wigen, P.E., Guslienko, K.Y., Novosad, V.,
Slavin, A.N., Golub,V.O., Lesnik, N.A., and Otani, Y.: J.
Appl. Phys. 85 (2004) 443.
[2] Kalinikos, B.A. and Slavin, A.N.: J. Phys. C 19 (1986) 7013.
[3] Portis, A.M.: Appl. Phys. Lett. 2 (1963) 4.

Fig. 2. Spin-wave eigenmodes spatial profiles µm(ρ), (where
ρ is a distance from the disc center), for the first three
modes
and
the
coordinate-dependent
effective
demagnetizing factor N(ρ) for the cylindrical dot along their
normal direction. Simulated configuration of magnetic
moments in the dot influenced by the external field (2.2 T)
and the internal demagnetizing field N(ρ).Ms (Ms stands for
saturated magnetization) is in-set.
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Microbolometer for detection of THz radiation
P. Lobotka, I. Vávra, T. Lalinský, Š. Chromik, M. Španková, J. Dérer, V. Šmatko, and K. Sedláčková

Astrophysicists claim that 98 % of photons emitted
since the Big Bang fall into THz range. So one can say
that the space is immersed in THz energy. Nowadays the
interest in this frequency region is coming not only from
astronomy but also from the field of medicine (T-rays do
not ionize atoms), gas analysis, security, etc.
Unfortunately, in the frequency range ~1-10 THz (the socalled THz gap) there is a lack of detectors coming either
from the side of “optics” or “electronics”. In such a case
bolometers (that convert incident electromagnetic
radiation into change in resistance caused by minute
raising of temperature) seem to be a proper choice,
because they are principally wideband detectors.
We decided to develop a microbolometer based on our
two previous achievements: we found that the slope of
temperature dependence of resistance in manganite
perovskite in a certain temperature interval reached 11 %
per Kelvin [1]. The second achievement was the
successful micromachining of GaAs for a different kind
of sensor (thermal converter) developed in the
Department of Microelectronic Structures [2]. The core of
the sensor was a thermally well-isolated GaAs island only
2 µm thick.
The sensitive element is made of La0.67Sr0.33MnO3
(LSMO) thin film. This material exhibits paramagneticferromagnetic transition above room temperature. The
material is magnetoresistive but this property is not used
in our microbolometer. We exploit the fact that maximal
slope in R(T) occurs around 300 K. The value of
temperature coefficient of resistance (TCR) is about ten
times higher than that of metals, which ensures sufficient
sensitivity. Due to this, we have chosen a concept of

uncooled detector with prospect of its integration into an
array together with front-end on-chip electronics.
In order to keep the noise and resistance of LSMO
sensitive element low, it was indispensable to grow the
film epitaxially. In case of oxides the growth temperature
must be sufficiently high which brings about a severe
problem regarding GaAs substrate as it decomposes at
around 550 °C. Moreover, there is a lattice parameter
mismatch between the perovskite and GaAs. These
problems can be solved by use of a buffer layer. From
usual materials e.g. ZrO2, YSZ, CeO2, MgO, we have
chosen MgO since it can be epitaxially grown at the
lowest temperature from all other materials. The GaAs
substrates are capped also from the bottom side. Thus
LSMO film can be deposited by magnetron sputtering at
T > 550 °C which is essential when aiming at singlecrystalline perovskite in order to achieve high TCR and
low resistance and noise. The details on deposition of
buffer and LSMO layers are presented in [3,4].
The outline of the microbolometer is shown in Figure
1. It consists of LSMO disk of a diameter of 8 µm situated
at the feed point of a log-periodic antenna made of gold.
The antenna is designed for the frequency range of
1,4 – 11 THz, i.e., it covers the above-mentioned THz
gap. The usage of an antenna brings about higher
sensitivity but also puts limit on the resistance of the
manganite disk to ensure impedance matching. The
design took into account the request to keep the response
time below 0,1 ms. The measuring stand and software for
determination of basic bolometric parameters of the
microbolomer prototype has been developed. The 3-ω
method for determination of thermal conductivity of thin
films has been implemented.
The bolometer is being developed under the grant
APVT-51-032902.
[1] Lobotka, P., Lexmann, M., Gaži, Š., Vávra, I., Sedláčková,
K., Pripko, M., and Fröhlich, K.: Proc. 16th Eurosensors
Conf., Prague 2002, p. 65.
[2] Lalinský, T., Držík, M., Chlpik, J., Krnáč, M., Haščík, Š.,
and Mozolová, Ž.: Proc. 18th Eurosensors Conf., B7_3,
Rome 2004.
[3] Vávra, I., Sedláčková, K., Dérer, J., Španková, M., Chromik,
Š., and Lobotka, P.: this issue, p. 73.
[4] Španková, M., Chromik, Š., Vávra, I., Sedláčková, K.,
Lobotka, P., Lucas, S., and Stanček, S.: submitted to Applied
Surface Science (2006).

Fig. 1. Outline of the microbolometer designed for the THz
region. The sensing element in the middle of the log-periodic
antenna is made of manganese perovskite thin film. Two
micrometers thick GaAs membrane fixed on four bridges
ensures thermal isolation of the microbolometer.
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Epitaxial La0.67Sr0.33MnO3/MgO heterostructures on GaAs (001)
I. Vávra, K. Sedláčková, J. Dérer, M. Španková, Š. Chromik, and P. Lobotka

Colossal magnetoresistive manganites undergo phase
transition from the paramagnetic insulating phase to the
ferromagnetic metallic phase below the corresponding
Curie temperature. The phase transition is accompanied
with a large decrease in manganite resistivity. This
decrease becomes smaller under the application of an
external magnetic field (magnetoresistive effect).
Therefore the applications of these materials are supposed
predominantly for making magnetoelectronic devices, e.g.
magnetic memories, magnetic field sensors and
schwitching devices.
Depending on the origin the magnetoresistive effect in
manganites is of two types. The intrinsic colossal
magnetoresistive (CMR) effect is restricted to the vicinity
of metal-insulator transition and to high magnetic field of
several Tesla. Where as extrinsic CMR effect, like grain
boundary magnetoresistance (GBMR) becomes evident at
moderately low field and in wide temperature range down
to low temperatures. GBMR is observed in polycrystalline
manganites and is interpreted in terms of spin-polarized
tunneling through electronic barriers in grain boundaries.
The consequence of two kinds of magnetoresistivity in
manganites is the dependence of the steepness of metalinsulator transition on the structural perfection of CMR
material. The most abrupt resistivity change is observed
in the single crystals and epitaxial manganese layers.
The abrupt change in resistivity is interesting from the
point of view of the bolometric applications [1]. The
compatibility of the bolometer with high speed electronics
(GaAs based) needs to prepare epitaxial manganese layers
on GaAs substrate.
The aim of this work is to prepare epitaxial
La0.67Sr0.33MnO3/MgO heterostructure on the GaAs (001)
substrate with the highest possible degree of structural
perfection of La0.67Sr0.33MnO3 layer.
The direct deposition of the La0.67Sr0.33MnO3 (LSMO)
layers on the GaAs substrate is impossible because of
high chemical reactivity of the GaAs surface at elevated
temperatures. Therefore it is necessary to use a diffusion

barrier between the GaAs substrate and the LSMO layer.
One of the suitable buffer layers on the GaAs surface,
which can be prepared in epitaxial form is MgO.
The MgO layers were deposited by rf magnetron from
the MgO target in Ar atmosphere at a pressure of 10-2 Pa;
substrate temperature was 650 ºC. The layer grows with
001 orientation and a relatively large azimuthal
misorientation. The arcing of the diffraction spots is
approx. 2 º and the size of mosaic blocks is ~ 50 nm.
The subsequent deposition of the LSMO was
performed by dc magnetron sputtering in Ar/O2
atmosphere at a total pressure of 50 Pa. During the
deposition the substrate was heated to 650 ºC. The
thickness of the LSMO films was 90 nm. The X-ray
diffraction patterns of the resulting LSMO/MgO/GaAs
heterostructure confirm the epitaxy of both, the MgO and
LSMO layers. The ω scans of the (002) LSMO and (002)
MgO peaks reveal the same width at half maximum
(∆ω ≈ 2º). The same fact was confirmed by TEM of the
LSMO/MgO interface.
In this work, the feasibility of obtaining epitaxial
manganese oxide/MgO heterostructure on the GaAs (001)
substrate with a high degree of structural perfection was
shown. It was found that the epitaxial growth started at
the temperature of 500 °C. The highest quality of the
MgO buffer layer was obtained at the substrate
temperature of 650 °C - the highest possible temperature
that can be applied for an uncapped GaAs substrate. The
subsequent deposition of the LSMO film revealed that the
mosaicity of the buffer layer is “replicated” into the
LSMO. Therefore the mosaicity of the MgO buffer layer
practically determines the structural perfection of the
subsequently deposited LSMO.
[1] Lobotka, P., Lexmann, M., Gaži, Š., Vávra, I., Sedláčková,
K., Pripko, M., and Frohlich, K.: In: Proc. of the 16th
European Conference on Solid-State Transducers,
September 2002, Prague, Czech Republic, p. 1413.

Fig. 1. In-plane TEM micrograph and corresponding electron diffraction of the epitaxial La0.67Sr0.33MnO3 layer deposited on
MgO buffered GaAs.
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C-Ti nanocomposite thin films
K. Sedláčková and P. Lobotka

Nanocomposite coatings composed of crystalline and
amorphous nanophase mixtures have recently attracted
increasing interest with respect to industrial applications
[1,2]. More generally, the use of carbon–metal composite
films is aimed to ensure a good adhesion of the films to
different substrates, to increase their hardness, modulus of
elasticity and improve their wear properties [3].
For all applications and scientific questions,
characterization of the films on nanometer scale is
essential. In this work we investigated the relationship
between the structure, mechanical and electrical
properties of C-Ti nanocomposite thin films.
Carbon–Ti nanocomposite thin films were prepared by
dc magnetron sputtering from two sources (C and Ti) in
argon at 2.5x10-1 Pa. The films were deposited on
oxidized silicon substrates at different deposition
temperatures in the interval between 25 °C and 800 °C.
As it was revealed by TEM analysis, all the films
prepared at temperatures ranging from 25 °C to 800 °C
had the columnar structure. Figure 1 shows the C-Ti thin
film prepared at 200 °C. This film consisted of columnar
crystallites (width ~ 10 nm) and thin carbon matrix. The
electron diffraction showed the TiC phase of crystallites.
Increasing of deposition temperature resulted in the
growth of width of the TiC columns.
The thickness of the carbon matrix between adjacent
TiC columnar crystallites was ~ 2 - 5 nm. Energy
dispersive spectroscopy elemental analysis of film
composition showed that all the films deposited between
25 °C and 800 °C exhibited ~ 80 at.% C and 20 at.% Ti.
According to nanoindentation test, the mechanical
properties (hardness, reduced modulus of elasticity) of CTi nanocomposite thin films showed a distinct variation
with the deposition temperature. Hardness and reduced
modulus of elasticity are quite high in the interval of
deposition temperatures from 25 °C to 400 °C. But the
film deposited at 200 °C had the highest hardness ~
18 GPa and the highest modulus of elasticity ~ 205 GPa.

Fig. 1. Cross sectional TEM image of C-Ti nanocomposite
thin films prepared at 200 °C.
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At T ≥ 600 °C these values drop abruptly stepwise. The
same behaviour was found also in the C-Ni
nanocomposites [2].
Temperature dependence on the film resistance was
measured in the interval of 80 - 330 K. Figure 2 shows
results of R(T) measurements, normalized to R(300 K).
The C-Ti nanocomposite shows different values of the
temperature coefficient of resistivity (TCR) for various
deposition temperatures. There is a relation between the
sign of TCR and structure: the films deposited at
temperatures ranging from 25 °C to 600 °C have negative
TCR, which can be explained by structural observation
that the thin carbon matrix is disordered (amorphous).
Recalling our recent paper [2], we suppose that in
transport a tunneling current can play some role since the
amorphous carbon can be considered a barrier between
adjacent metallic columns.
The film prepared at 800 °C has slightly positive TCR,
which implies different mechanisms of electrical
transport. The film shows a metallic type of conductivity,
i.e., in the film at least a percolation conduction path
formed by connected metallic particles (TiC) exists.
The most peculiar R(T) dependence showed the film
deposited at 200 °C, which has also extraordinary
mechanical properties. The high slope of the R(T) curve in
the interval of 250 – 300 K can be related to strong nonlinearity of I(V) curves, the origin of which is not clear at
the moment.
This work was supported in part by the FULLMAT
EC Human Potential Programme. The authors would like
to thank to G. Radnóczi, T. Ujvári, R. Grasin and I.
Bertóti for collaboration.
[1] Pei, Y.T., et al.: Surface & Coatings Technol. 198 (2005) 44.
[2] Sedláčková, K., Lobotka, P., Vávra, I., and Radnóczi, G.:
Carbon 43 (2005) 2192.
[3] Laidani, N., et al.: Surf. & Coat. Technol. 100-101 (1998)
116.

Fig. 2. R/R300 (T) dependence of C-Ti nanocomposite thin films
prepared at various substrate temperatures.
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The Department of Superconductor Physics (DSP) is
focused on the study and development of applicable
superconducting
materials
and
high-current
superconducting systems. We have been motivated to
understand basic topics at the theoretical, material and
application levels.
Regarding the applications, DSP manufactures
composite wires/tapes from low-temperature or hightemperature superconductors. The wires and tapes are
fabricated using a wide range of technological operations.
Both are fully characterized by electrical measurements
and mechanical testing.
Various unconventional deformation techniques were
developed in the past, and they have been used to prepare
high-performance, low-temperature (LTS) Nb3Sn wires
and cables, high-temperature (HTS) Bi-2223/Ag tapes
and recently medium-temperature (MTS) MgB2/metal
composites.
In 2001, the binary metallic MgB2 compound was
discovered to be superconducting below the critical
temperature Tc = 39 K. Compared with ceramic HTS
materials, the intrinsic properties of MgB2 make the wire
production simpler. Also, the raw materials are
considerably less expensive. Thus, the estimated cost of
MgB2-based conductors is at least a factor of ten below
that of HTS. Compared with LTS, the higher Tc enables
systems operating in the 20 – 30 K range, which can
easily be reached by direct conduction cooling. Such
systems are inherently safer, easier to design, more
compact. Also, their production and maintenance are
cheaper. As a result, the existing NbTi technology can
potentially be replaced by cryo-cooled MgB2 systems,
which will bring significant savings and an increased
deployment of lower-cost superconducting prototype
systems in the electro technical (generators, motors) and
energy sector (transformers, SMES).
To achieve thermally stable MgB2/metal composite
wires capable of carrying high critical currents, the
metallic elements must have low chemical reactivity with
the Mg+B and MgB2 compounds. Also, they must be
mechanically workable and possess high thermal and
electrical conductivities. It is equally crucial to improve
the basic superconducting properties (upper critical field,
pinning and current densities in high external magnetic
fields). Additionally, mechanical stress is an important
issue when considering a winding from MgB2 composite
wires.
The features of superconducting filaments in a
ferromagnetic matrix could be influenced both by the
qualities of the materials used and by the arrangement of
the filaments. The electromagnetic properties of the
MgB2/Fe and Bi-2223/Ag composites were studied
experimentally and theoretically, using the finite element
commercial codes. Such studies are essential for the
future applications of composite superconductors in
electric power devices. When the electrical currents will
be transported in the range of kA, the superconducting
wires should inevitably be cabled. We dedicate systematic
efforts to the understanding of distributions of currents,
magnetic fields, and the resulting energy losses in flat

cables used in the nuclear fusion technology. Concerning
the cables for power transmission, we have designed,
manufactured and tested short laboratory models to
investigate some peculiarities in the current distribution,
AC transport capacity and AC loss.
On the national level, the activities of DSP have been
financially supported by the academic grant agency
VEGA within the projects “The effect of magnetic field on
the properties of superconductors with ac transport
current” and “Superconducting MgB2 wires with artificial
pinning centers”, and by the grant agency APVT in the
projects “Superconductors in conditions of high current
equipments” and “Composite superconductors for
cryogen-free devices”.
DSP has had intensive and long periods of
international collaboration with INFN Genua, Materials
Department of Oxford University, High Pressure Institute
Warszawa, Twente University Enschede, Tampere
University and others.
DSP was significantly involved in international
collaboration under multilateral projects of the 6th
Framework Programme of the EC: “Superconducting
coated conductor cable”, “Nano- and micro-scale
engineering of higher-performance MgB2 composite
superconductors for macro-scale applications”, the
network for superconductivity “SCENET”, cost sharing
action: “AC losses measurements on high temperature
superconductors” and the Centre of Excellence “Applied
Superconductivity Training and Research Advanced
Centre”
or
net
NESPA
“Nano-Engineering
Superconductors for Power Applications”.
Pavol Kováč
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Properties of ex-situ and in-situ MgB2 wires
P. Kováč, I. Hušek, and T. Melíšek

-2

critical current density [Acm ]

Composite MgB2 wires made with in-situ (using Mg +
B mixture) and ex-situ (using pre-reacted MgB2) powderin-tube (PIT) techniques are intensively studied [1-5]. The
ex-situ process requires a final heat treatment at a
temperature close to 950 °C to allow recrystalization and
sintering of the MgB2 core, which improves the grainconnections substantially. The heat treatment of in-situ
wires requires much lower temperatures (600-750 °C),
provoking a solid state or solid-liquid reaction between
magnesium and boron.
Four-filament ex- and in-situ MgB2 wires were
prepared with the rectangular wire-in-tube (RWIT)
technique [1,4,5]. Based on experience with single-core
wires, 10 wt% of W was added to the ex-situ and 10 wt%
of SiC to the in-situ powders, which were packed into Fe
and Nb/AgMg tubes, respectively, and two-axially rolled
into composite conductors [2,3]. The ex- and in-situ
conductors are compared in terms of field-dependent
transport critical current density, effects of filament size
reduction and twisting, mechanical behavior and thermal
stability.
Figure 1 compares the Jc(µ0H) characteristics at 4.2 K
of the ex-situ wires with 10 wt% of W addition with those
of the in-situ four-core wires with 10 wt% of SiC.
Comparable Jc values are measured for the ES and IS
wires only at µ0H = 3 T. While the current density of the
ex-situ wires decreases rapidly with external magnetic
field (by 5 orders of magnitude from 0 to 10 T), the Jc of
in-situ wires decays less in the same field range (less than
3 orders of magnitude). This Jc(µ0H) difference is
attributed to the effect of SiC addition to MgB2, leading to
grain size refinement and artificial pinning centers.

The high self-field transport Jc values cannot be
measured at 4.2 K due to poor thermal stability. Only a
rough extrapolation of Jc(0 T, 4.2 K) is made in Fig. 1,
yielding current densities above 3 x 105 Acm-2 for the IS
wire and above 2 x 106 Acm-2 for ES one. Figure 2 shows
the self field critical current of the ES and IS wires,
measured using short triangular current pulses at
temperatures above 26 K. These high-temperature data
confirm the higher Jc(0 T) for ex-situ wire. The insert in
Fig. 2 shows the R(T) transition, with a more than 3 K
higher Tc value and a narrower transition for the ES wire.
These differences originate in the lower annealing
temperature used for the in-situ process and also in the
SiC addition that reduces the critical temperature. On the
other hand, the Nb/AgMg-sheathed IS wire has a lower
normal state resistance.
This work was supported by the Science and
Technology Assistance Agency under the contract
number APVT-51-029902, and by the EU FP6 contract
number NMP3-CT2004-505724.
[1] Kováč, P., Hušek, I., Melišek, T., Dhallé, M., Müller, M.,
and den Ouden, A.: Supercon. Sci. Technol. 18 (2005) 615.
[2] Kováč, P., Hušek, I., Melišek, T., and Štrbík, V.: Supercond.
Sci. Technol. 18 (2005) 856.
[3] Kováč, P., Hušek, I., Melišek, T., Kulich, M., and Štrbík, V.:
Supercond. Sci. Technol. 19 (2006) 600.
[4] Kováč, P., Hušek, I., and Melišek, T.: Advances in Science
and Technology 47 (2006) 131.
[5] Kováč, P., Hušek, I., Melišek, T., Martinez, E., and Dhallé,
M.: Supercond. Sci. Technol. 19 (2006) 1076.
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Fig. 1. Jc(µ0H) dependence for ex-situ and in-situ wires at
liquid helium temperature (E – ex-situ, I - in-situ, S – square
shape, F – flat, R – round).
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Fig. 2. Self-field critical current above 26 K for ES and IS
wires. The insert shows the R(T) dependences of both wires.
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Critical current anisotropy of flat MgB2 superconductors
P. Kováč, T. Melíšek, and I. Hušek

Flattened composite superconductors have an
advantage of increased fill factor and improved turn’s
stability in the magnet winding. The critical current
density of superconductors depends very strongly on the
distribution of pinning centers preventing the motion of
flux lines. For the case in which the external field and
transport current are perpendicular to each other,
important is if the distribution of pinning sites is isotropic
over the conductor cross section. Therefore, flat MgB2
superconductors were measured in the external magnetic
field of variable orientations [1-3]. Single core MgB2/Fe
and MgB2/Nb composite tapes of different aspect ratios
(width to thickness - b/a) were prepared by in-situ
process. Critical currents measured in parallel and
perpendicular field directions have revealed that Ic
anisotropy is increasing with the tape aspect ratio b/a and
also with applied temperature T. The effect of aspect ratio
is saturated for b/a > 5, but increased temperature is
increasing Ic anisotropy systematically. Large Ic
anisotropy makes the application of flattened MgB2
composite tapes for windings more problematic.
Application of Nb inner sheath and nano-size additions
into MgB2 are reducing anisotropy effectively. Critical
current anisotropy dependences of these composite tapes
are compared and discussed.
Figure 1 shows the anisotropy factor ka = Ic-par / Ic-perp
for MgB2 - 10 % SiC / Nb tapes differing by the aspect
ratio b/a = 2, 3, 5 and 9. Nearly exponential increase of Ic
anisotropy was measured for each tape’s aspect ratio
above 4 T and increased b/a gives the larger ka. It is
apparent that ka is not increasing more for b/a > 5 (see
dotted line for the external field 7 T) and shows the
saturation with ka ≈ 1.22. Similar behavior was measured
for not doped MgB2/Nb tape with higher saturation level
ka ≈ 1.70. The effect of final grain alignment for these two

Fig. 1. IC anisotropy expressed by the anisotropy factor ka for
MgB2 -10 % SiC / Nb tape samples differing by the aspect
ratio.

samples is not the same due to an improved pinning in
SiC doped sample and consequently changed Jc(B)
characteristic.
Figure 2 shows the ka of iron-sheathed tape at
temperatures T = 4.2, 7, 14 and 22 K. Very sharp and
nearly linear increase of ka dependence can be observed at
lower fields for T = 4.2 - 14 K, which is going into
exponential one at higher fields. The measured ka values
are really high and they are increasing rapidly with
temperature. Ic anisotropy is increasing with tape’s aspect
ratio, but it is saturated for b/a > 5. This shape
dependence is similar to the behavior of high temperature
Bi-2223/Ag tapes, which confirms the dominant effect of
the texture also for anisotropic MgB2 tape.
Such high Ic anisotropy at elevated temperature can
lead to a serious application problem similarly as in the
case of Bi-2223/Ag tapes at 77 K, where high radial field
component strongly reduced the total transport current of
the coil winding.
This work was supported by the Science and
Technology Assistance Agency under the contract
number APVT-51-029902 and by VEGA 2/5088/25.
[1] Kováč, P., Melišek, T., and Hušek, I.: Supercond. Sci.
Technol. 18 (2005) L45.
[2] Kováč, P.: IEEE Trans. on Appl. Superconductivity 16
(2006) 1453.
[3] Kováč, P., Melišek, T., and Hušek, I.: Supercond. Sci.
Technol. 19 (2006) 470.

Fig. 2. The temperature dependence of kα for iron sheathed
tape with the aspect ratio b/a = 4.25.
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Current transfer in MgB2 wires with different sheath materials
T. Holúbek and P. Kováč

Practical superconductors are composite materials,
consisting of superconducting filaments embedded in a
metallic matrix that is needed to stabilize the filaments
electrically, thermally and mechanically. Current transfer
between matrix and filament occurs in a number of
situations, ranging from current injection at joints
between conductors, over the shunting of localized weak
spots in filaments, to current diffusion at the propagating
front end of a normal zone during a quench. Mentioned
current transfer is always accompanied by an ohmic
voltage and undesirable heat generation. Two crucial
parameters determine the shape of a potential profile:
current transfer length (λ) – a conductor-dependent
length-scale that is essentially given by the ratio between
the transverse matrix-to-filament resistance and the
longitudinal matrix resistance and the surface resistance
between MgB2 and supporting metal.
To scan the voltage profile along the conductor
embedded in liquid helium bath, a tip-holder with an inline arranged gold-plated tips was pressed on the outer
metallic sheath of the conductor in the vicinity of the
soldered joint. λ is extracted from the potential gradient
achieved for different MgB2 conductors in a wide range
of injected under-critical currents and applied external
magnetic fields [1,2]. Analyzed samples are differing in a
number of filaments which represent 1st part of the name
attributed to the sample, secondly in used sheath material
– 2nd part, and finally in a type of processing technique
which could be in-situ, or ex-situ – 3rd part.
Figure 1 describes λ, as a function of transport current
density for all analyzed samples. Very good agreement in
λ between iron-sheathed samples was found. Contrary to
expectations, λ was found to depend on transport current

density for samples 4NbAgMg-in, 1Fe-in and 4Fe-ex,
where a slight decrease of λ with the increasing transport
current density was observed. This λ(J) dependence is not
yet understood. R□ of Fe-sheathed wires ranges from
∼ 2 up to ∼ 6.10-11 Ωm2 (Tab. 1).
Compared to the Fe-sheathed samples, the 3 - 6 times
thicker interface reaction layer in the FeNiCo-sheathed
wire should lead a significantly higher λ value than those
measured in the Fe-sheathed samples, even if its sheath
resistivity ρn is also higher (Tab. 1). Indeed, Fig. 1 shows
a nearly two times larger λ for the FeNiCo-sheathed wire
compared to the Fe-sheathed samples, and a ∼ 30-fold
increase in the surface resistance R□ (Tab. 1).
Surprisingly, the λ value of the Nb/AgMg-sheathed
sample is even higher than that of the FeNiCo wire. This
is partly explained by the low resistivity of niobium.
However, in spite of the absence of a visible reaction
layer, the value of the surface contact resistance is about a
factor 10 higher than typical values for the Fe-sheathed
samples. A possible explanation of this unexpected
behavior might be the occurrence of transverse cracks in
the MgB2 core due to the very different thermal expansion
coefficients of MgB2 and Nb. Such cracks can form while
the sample is cooled down from the reaction temperature
to the operating temperature (1250 K and 4.2 K) and
might form an obstacle for uniform current transfer
between Nb and MgB2.
The resistivities of MgB2/metal interfaces, calculated
for conductors creating resistive submicron layers during
the heat treatment procedure state in last column of
Tab. 1. These results confirm conclusion [1], where an
approximately 100 times higher resistivity of the Fe2B
layer in comparison to the Fe sheath was found.
This work was supported by the Science and
Technology Assistance Agency under the contract
number APVT-51-029902 and by VEGA 2/5088/25.
[1] Holúbek, T., Kováč, P., and Melišek, T.: Supercond. Sci.
Technol. 18 (2005) 1218.
[2] Holúbek, T., Dhallé M., and Kováč, P.: Supercond. Sci.
Technol. 20 (2007) 123

Fig. 1. λ(J) dependence for various samples.
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sample
ρn, 4.2 K
λ
name
[mm]
[nΩ m]
1Fe-in
28.5
0.55 – 0.7
1Fe-ex
28.5
0.65
4Fe-ex
24.4
0.35 – 0.5
1FeNiCo-ex
109
1.06
4NbAgMg-in
11.4
1.97
1NbFe-in
—
0.78
Table 1: Measured sheath resistivity,
resistance and interface layer resistivity.

R□, 4.2 K
[pΩ m2]
29 – 47
55
16 – 32
1090
307
—
calculated

ρi, 4.2 K
[µΩ m]
5.8 – 9.4
7.2
1.6 – 3.2
34.6
—
—
λ, surface
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Cryogen-free superconducting magnet wound of Bi-2223/Ag superconductor
Ľ. Kopera, P. Kováč, and T. Melišek

Compact size high temperature superconducting
magnet cooled by a single stage Gifford-McMahon
cryorefrigerator was designed, manufactured and tested.
Design criteria of the magnet were optimized to maximize
cooling efficiency of the Bi2223/Ag winding and
minimize the heat generation by eddy current losses
during high-speed excitation. Technology of pancake
coils manufacturing and assembling had demonstrated
capability for reliable performance of the magnet without
training [1]. To achieve wide angular access and adequate
magnetic field homogeneity in the magnet centre a splitpair coil configuration was applied.
The magnet winding is made up of twelve pancakes
wound from Bi-2223/Ag tape composed to six doublewound modules. A thin copper plate inserted between of
each module improves heat transfer from the pancake
winding. Base and side flanges of the magnet frame are
made from OFHC copper. To minimize heat generated by
eddy currents, side flanges and copper plates are divided
by slots to smaller sections. The main parameters of the
magnet are listed in the table:
Outer / inner diameter of winding
Total high of the winding
Air-gap between coils
Total no. of turns
Total length of conductors
Stored energy at 18K
Cool down time to 18K

98/50 mm
72 mm
14 mm
1164
275 m
450 J
90 minutes

The magnet assembly is mounted to the cold head of
single-stage Gifford-McMahon cycle cryorefrigerator and

inserted to a laboratory cryostat system designed specially
for this assembly.
Stability of conduction-cooled magnet depends on the
cooling power of the cryorefrigerator and thermal loads of
the whole magnet assembly [1,2]. The thermal loads
include heat generated by current in resistive current
leads, heat flow from warm side of current leads, joule
heat generated in junction resistance, radiation heat
leakage, heat generated by eddy currents and conductive
heat leakage trough measurements wires and fixtures. For
conduction-cooled
magnets
almost
two-stage
cryorefrigerators are used, where the most of the heat
leakages are thermally linked to the first stage and only
the magnet is linked to the second stage of the
cryorefrigerator. We used a single-stage cryorefrigerator
for the magnet and, therefore, the whole assembly was
designed with necessity to optimize the balance between
the cryorefrigerator cooling capacity and thermal loads.
Figure 2 shows magnetic field in the magnet centre
with and without added iron poles. The field is evaluated
for the whole excitation range of the magnet. Curve with
circles represents calculated values Bcentre for the magnet
assembled with the iron; the solid line without symbols is
Bcentre characteristic measured without iron.
This work was supported in part by the Science and
Technology Assistance Agency under the contract
number APVT-51-029902 and by the Öst-West project
GZ45-481/2-VII/B/8a/2000.
[1] Kopera, Ľ., Melišek, T., Kováč, P., and Pitel, J.: Supercond.
Sci. Technol. 18 (2005) 977.
[2] Kopera, Ľ., Kováč, P., and Melišek, T.: IEEE Trans. Applied
Supercond. 16 (2006) 1415.
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Fig. 1. Set up of the magnet, cryostat system and supporting stand.

Fig. 2. Magnetic field in the magnet centre with and without
iron poles
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Improvement of the self-field critical current of a high-Tc superconducting tape
by the edge cover from soft ferromagnetic material
F. Gömöry
The maximum value of DC that a wire from
superconductor (SC) could transport without resistance is
given by its critical current, Ic. Several authors predicted
an increase of Ic with the help of a cover from soft
ferromagnetic (SF) material. However, a clear evidence of
this effect has been missing. Recently a new kind of
composite SC/SF samples have been prepared by
covering the edges of a common tape from
multifilamentary Bi2Sr2Ca2Cu3O10 with thin Ni-film [1].
To predict the behaviour of such wire, we have
worked out [2] the calculation of the distribution of
current density assuming that in the superconductor the
critical current density depends on the local magnetic
field:
j c ( x, y ) =

jc 0
2 2
2


1 + k BΙΙ ( x, y ) + B⊥ ( x, y ) 


B0



β

Here, BΙΙ and B⊥ are the components of the magnetic field
parallel and perpendicular, respectively, to the ab-planes
of the superconducting grains. The three remaining
parameters characterizing the current-carrying capability
of superconductor are the maximum current density jc0,
the anisotropy factor k <1, and the characteristic magnetic
field B0 and the exponent β. With this empirical
expression, based on the critical current data obtained on
tapes
from
high-temperature
superconductor
Bi2Sr2Ca2Cu3O10 we were able to predict e.g. the
dependence of critical current on the aspect ratio (flatter
tapes exhibit apparently better critical current density) and
on the overall cross-section (in larger tapes, the self-field
produced by the transport current reduces more the
achieved value of critical current). When a soft

ferromagnetic material is to be inserted in the composite
simulation, an empirical expression for the permaeability
is required. We used the formula

µ r ( x, y ) = 1 +

µ r max
 B ( x, y ) + B y2 ( x, y ) 

1+ 
2


B
c


2
x

containing two parameters: the initial permeability µrmax
and the field scale Bc.
The finite-element code FEMLAB has been utilised.
In Fig. 1 is an example of the field and current
distribution obtained in this way. Diverting of the
magnetic flux from the SC core at the edges is clearly
visible. This is the mechanism that leads to the
improvement of the critical current.
An extensive study regarding the optimization of SF
cover has been carried out. The optimum extent of the SF
cover (characterized by the width d of the tape uncovered
by the SF material) can be found [3], as shown in Fig. 2.
This work was supported by the Slovak Research and
Development Agency under No. APVV-51-045605.
[1] Alamgir, A.K.M., Gu, C., and Han, Z.: Physica C 432 (2005)
153.
[2] Gömöry, F. and Klinčok, B.: Supercond. Sci. Technol. 19
(2006) 732.
[3] Gömöry, F.: Applied Phys. Lett. 89 (2006) 072506-1.
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Fig. 1. Distribution of the magnetic field (lines) and the
density of electrical current (gray scale) for a
superconducting tape with elliptical cross-section covered on
edges by a soft ferromagnetic material.
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Fig. 2. Dependence of the self-field critical current on the width
uncovered by SF for superconducting core materials with different
anisotropy.
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Calibration free method for measurement of the AC magnetization loss
J. Šouc, F. Gömöry, and M. Vojenčiak

Calibration free method for determination of the
magnetization loss of superconducting samples exposed
to the external AC magnetic field was developed. The
idea is based on measurement of the part of the power,
which is supplied by the AC source to the AC magnet
generating magnetic field, in which the sample is located.
To confirm the suitability of this method, the loss of a Cu
sample with known dissipation was measured.
Standard method for magnetization AC loss
measurement uses pick-up coil. In this case into the
formula for AC loss determination a conversion constant
reflecting the geometry and distribution of magnetization
currents in the sample must be introduced. It can be
obtained in different ways – using sample with known AC
magnetization loss or by calculation. In suggested method
no measurement and/or calculation of the calibration
constant is necessary.
The AC loss of the sample forms a portion of the AC
power supplied to the magnet. With a suitable procedure
enabling to distinguish it from the AC loss in the
winding, the value of the AC loss in the sample could be
determined.
The main problem of such calibration free
measurement of the sample loss as the part of the
supplied power is, that it is generally much lower then the
losses in the AC field magnet. Our idea to overcome this
obstacle is schematically shown in figure 1. In the
straightforward way of AC power evaluation (Fig. 1a),
the measured voltage is V = R.Im - dΦ/dt with the resistive
component R.Im prevailing over the voltage generated by
the change of magnetic flux Φ, linked to the AC magnet
coil. To eliminate R.Im the arrangement shown in Fig. 1b
was used. Then V = -dΦ/dt. In other words, instead of the
whole voltage of the magnet power supply we use the
signal registered by a contactless measurement coil
wound in parallel with AC field magnet. Then, it does not
feel the winding resistive loss. The measurement coil
registers the inductive voltage consisting of strong
inductive part due to the inductance of the magnet coil,

Fig. 1. Set-up magnetization loss determination in the sample
(black rectangle) based on the measurement of power supplied
to the AC field magnet. a/ Measurement of total AC power
delivered by AC power supply b/ Modification to neglect the
resistive loss in AC field magnet.

signal induced by the eddy currents in the AC field
magnet winding and signal induced by the currents in the
sample. Only the last term is important, therefore it is
necessary to eliminate the remaining components. For this
purpose, the other magnetic system consisting of the
compensation AC magnet and the compensation coil with
the same geometry as the AC field magnet and the
measurement coil, is utilized. The signal from the
compensation coil is subtracted from the signal measured
by the measurement coil – Fig. 2, leaving the sample loss
as the only remaining component of the signal. After this,
the measured signal will represent directly the power
supplied by the source to cover the sample AC loss. Loss
of the sample is then calculated simple as P = Re(U) Im
where Re(U) is part of the voltage in phase with Im.
To confirm the applicability of the described

Fig. 2. Measurement scheme allowing to determine the AC loss
according to the proposed method.

calibration free method, the loss of a Cu wire loop with
known properties was measured at the temperature of
77 K and AC field frequency of 72 Hz. The measured
data PabsCu are compared with data calculated as PcalCu =
RCu ICu2(Im) in Fig. 3. Excellent coincidence was found
confirming applicability of the suggested method.
Sufficient sensitivity of the used apparatus for
standard measurements of the superconductor ac loss
Pscsample
is
also
illustrated
in
Fig.
3.

Fig. 3. Dependence of the losses on magnet current Im PabsCumeasured loss of the Cu loop, PcalCu – calculated loss of the Cu
loop, Psc sample – measured loss of the superconducting tape of
9 cm length.
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Study of AC loss in Bi-2223/Ag tape at simultaneous ACtion of AC transport
current and AC magnetic field shifted in phase
M. Vojenčiak, J. Šouc, J. M. Ceballos, F. Gömöry, B. Klinčok, and E. Pardo
Investigation of AC loss under simultaneous action of
transport AC current and external AC magnetic field is of
prime importance for reliable prediction of dissipation in
electric power devices. The experimental rig allowing to
perform AC loss measurement in such conditions on short
(10 cm)
tape
samples
from
high-temperature
superconductor Bi-2223/Ag has been designed and tested.
To carry out the electromagnetic measurement, one
has to resolve two main problems: An independent supply
of current into the sample and in the AC field magnet
winding is necessary to keep the values of Irms and Brms
constant at changing the phase difference. Then also, the
distinction between the dissipation covered by the power
supply for IT and that one delivered by the energizing
system of AC magnet is necessary to avoid a double count
of dissipation in loss registration. Independent operation
of two power supplies was guaranteed by the design and
construction of the apparatus.
The part of the dissipation covered by the amplifier
feeding the sample with AC current will be called the
transport loss and designated PT. Similarly, the part of the
dissipation in the tape, that is covered by the amplifier
supplying the current in the Cu magnet, will be called the
magnetization loss and symbolized by PM. As shown in
several studies, the total loss Ptot is obtained as the sum of
the losses covered by individual sources of delivered
power:
Ptot = PT + PM
In our procedure, PT and PM were determined separately
from the signals registered by the pair of taps and the pickup coil, respectively, using lock-in technique. The pick-up
loop system was calibrated using the superconducting
sample with known magnetization loss measured by the
0.30

calibration free method [1]. To confirm the correctness of
the suggested experimental procedures, the results have
been checked by the thermal method.
The most interesting feature found in our experimental
observations is that the maximum of total loss does not
occur for the zero phase shift between AC current and AC
field. To check whether such behavior could be plausible,
three independent techniques have been employed for
numerical simulations. Two of these calculations assume
the superconductor's electrical behavior is described by
means of a non-linear resistivity, derived from the E(J)
power-law E(J) = Ec(J/Jc)n. This was used in simulation in
Matlab code based on the Brandt method and twodimensional finite element simulations with the
commercial software Flux3D. The current distribution
assuming the critical state model with a constant critical
current density was calculated by the minimum magnetic
energy variation (MMEV) procedure.
In Fig. 1, the dependences of the total loss Ptot on
phase shift obtained by simulations are compared with
experimental data achieved by electromagnetic method.
Experimental data fall in between these predictions.
Encouraging is also that the absolute values of the
predicted loss agree quite well with experimental ones.
Anyway, all three methods predict qualitatively similar
behavior; in particular that the loss maximum is not found
at zero phase shift.
We acknowledge to F. Grilli from Supercond.
Technol. Center, Los Alamos for simulations.
[1] Šouc, J., Gömöry, F., and Vojenčiak, M.: Supercond. Sci.
Technol. 18 (2005) 592.
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Fig. 1. Ptot dependence on phase shift at IT = 17.7 A and Bext = 5, 10, 15, 20 mT. Squares: experimental results; diamonds:
simulation by minimum magnetic energy variation method; triangles: simulation in Matlab based on the Brandt method; circles
simulation in Flux3D.
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Coupling losses in flat cables and coated conductors
S. Takács

The second generation high Tc superconductors raised
again the hopes of using superconductors in many
applications operating also in AC regimes.
To decrease the hysteresis losses, the YBCO coated
tapes are striped or striated in thinner layers, nearly
perfectly insulated mutually, as the underlying buffer
layer is an insulator. However, decreasing the coupling
losses for the coated conductors remains an open
problem, mainly due to the large aspect ratio of the
deposited superconducting layer. In our opinion, twisting
the superconducting stripes or the striations is necessary
for solving this task.
For ensuring the stability of such structure, the
covering of the stripes with normal layer (e.g., copper or
silver) was envisaged. For such twisted structures, we
determined the most relevant contribution to coupling
losses, caused by currents between the same stripes on the
same side of the cable [1,2]. Thus, the compromise
between acceptable coupling losses and the stability
appears again the crucial point for these structures.
We are aware that the superconducting parts in all
future AC applications should be twisted or cabled with
some twist length l0. The properties of the normal matrix
between the superconductors and the value of l0 should
thus determine the value of the coupling losses [3].
We derived the differential equation for determining
the voltage distribution between superconducting stripes
covered by a normal layer, caused by external electric
field or induced by changing the applied magnetic field.
From this equation, different results were obtained: the
current transfer length, the amount of the current, which is
transferred into the superconductor (and thus also the rest,
which is not), the effective resistance for the eddy and
coupling currents. The results are used to calculate the
coupling losses in the “twisted” YBCO coated conductors
and the current transfer length between superconducting
and normal components. The main results are twofold:
– taking typical values of the normal layer Cu
thickness h = 25 µm with resistivity ρ = 2.5×10-9 Ωm, the
stripe width l = 0.48 mm, and the area resistance between
the superconducting stripes and the normal layer
P = 2.5×10-12 Ωm2, we obtain that about half of the
current will flow in the normal coating layer only [4];
– as the induced currents due to the changing AC field
flow alternating between the normal layer coating and
YBCO superconducting stripes or strands, the coupling
losses per length are modified as [5]
B& 2 b 3l0 h ,
W≈
6ρ D + l / 2
where b is the cable width and D the stripe separation.

For being acceptable in possible applications, these
losses should be smaller than the corresponding losses for
the same volume of single normal layer (like copper),
B& 2 4 .
WCu =
b
3ρ
Two additional factors should be included into this
comparison: the cooling efficiency fcool at liquid nitrogen
temperature (about 7) and the “economic factor” fec
(additional complications at fabrication of the coated
conductor, prize of the product; at least a factor 2). Thus,
one obtains an upper limit for the twist length,
l0
2D + l .
<
b h f cool f ec
With the parameters given above, we obtain l0/b < 2.
This means a strong restriction in the present designs of
the YBCO coated conductors with normal layer covering.
By striating even the normal layer coating (some type
of partially stabilized conductor), a low loss type structure
could be achieved. But it is questionable whether this is
sufficient for fulfilling the stability criteria of such
structure. For quantitative conclusions, one has to know
which amount of the current after a possible quench has to
be transferred into the normal sheath and then eventually
to another superconducting stripe. This depends on the
superconductor properties and the event at which the
quench may appear. As the transfer resistance seems to be
always present at YBCO coated conductors (but also in
MgB2 and even in classical superconductors like NbTi,
Nb3Sn), the most important parameter for improving the
transfer is the thickness of the normal layer. However,
this would increases also the coupling and eddy current
losses. Therefore, some compromise has to be found
between the AC losses and the current transfer.
More effective could be the incomplete plating of the
YBCO coated conductors, restricted to the central part of
the layer only. For example, by coating only the half of
the width of the cable b/2 and positioned it in the layer
centre, the losses would be decreased by factor 8.
As a by-product of the calculations, we proposed a
simple method for determining the transverse resistance
between superconducting and normal conducting parts of
any structure [4].
This work was partially supported by the Slovak Grant
Agency for Science VEGA.
[1]
[2]
[3]
[4]
[5]

Takács, S.: Supercond. Sci. Technol. 18 (2005) 187.
Takács, S.: Supercond. Sci Technol. 19 (2006) 738.
Takács, S.: Supercond. Sci. Technol. 10 (1997) 733.
Takács, S.: Supercond. Sci. Technol. 20 (2007) 180.
Takács, S.: IEEE Trans. Applied Supercond. 18 (2007), in
press
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AC losses of shielded superconducting cables at changing applied magnetic field
S. Takács

The cables used for superconducting magnets are
made by multistage twisting process to reduce the
coupling losses. The corresponding time constants
characterize the AC losses on different twisting stages. In
this sense, the coupling losses in the cable, as well as in
all subcable structures, and the eddy current losses in the
normal parts (casing, jacket) can be described in an
analogous way.
Mainly for stability reasons, but also for better
mechanical properties, the superconducting cables are
usually embedded in a normal metal jacket (e. g., stainless
steel). At changing the applied magnetic field, eddy
current losses are created in this jacket, coupling losses in
different parts of the superconducting cable, as well as
hysteresis losses in the superconducting filaments. All
these loss components are generally calculated as being
independent. However, one has to take into account that
the field change in different areas is delayed by the
material component that shields the applied field. In some
cases, the shielding effects were treated as the effective
increase of the time constant of the applied magnetic field
τ0 [1]. We have shown that the situation can be sometimes
more complicated [2]. Our procedure can be used also for
obtaining the minimum value for the total loss of the
whole structure [2].
In the calculations, both the superconductor and
normal part is characterized by their time constant [3]. For
simplicity, we assume an infinitely long inner layer with
time constant τ shielded from both sides by layers with
time constant τ1. This situation mimes a cylinder
surrounded by a normal conducting sheath, or the strands
shielded by the coupling currents in a cable. Then, at
changing the amplitude of the external field by the value
B0(t) = b [1 – exp(– t/τ0)], the inner layer is exposed to the
changing field
Bi = b(1 − e −t / τ 0 )(1 − e −t / τ 1 ) .
By solving the corresponding diffusion equation [4] for
the penetrated flux, the losses are calculated during the
event by two methods (magnetization losses, Poynting
vector), like in our previous paper [1]. The calculated loss
density q is approximately given by

q=

0.812b 2

µ0

[ p0 g ( z ) + p1 g ( z / u ) + pg ( z (1 + u ) / u )]

(1)

where z = τ/τ0, u = τ1/τ0, p0 = 1/2 + 1/(1 + u) – (1 + u)/
(1 + 2u), p1 = 1/2 + u/(1 + u) – (1 + u)/(2 + u), p = 1/2 –
1/(2 + u) – u/(1 + 2u) and the function g is approximately
given by
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g ( x) =

x
.
1 + 0.925x

The main contribution from the eq. (1) is the
following. For τ1 < τ0/2, the eddy or coupling current
losses in a region shielded by an outer region can be
generally treated by considering an increased effective
time constant τeff =τ0 +τ1, instead of the time constant of
the applied field τ0. The expected situation in the
stellarator project W7-X by moving some of the
individual magnets [5] belongs to this category.
Otherwise, the more complicated formula (1) should be
applied.
We have treated also the interesting question, whether
one could minimize the total losses in shielded structures.
The basic result is that the loss minimum appears only for
h < 1.347, where h = S0τ0/S1τ1 is the ratio of individual
areas S perpendicular to the applied magnetic field
multiplied by the corresponding time constant. For larger
values of h, the normal sheath always increases the total
losses.
Hence, the total losses can be minimized by including
a shielding region of normal metal at rapid changes of the
field (approximately τ0 < τ1 at comparable volumes S1 and
S2). The coupling losses in superconducting cables can be
decreased substantially if the time constant of the
shielding layer is larger than the time constant of the
changing field (τ1 > τ0/2). Hence, at very fast field
changes the outside normal layer does not improve the
stability only, but may decrease also the total loss of the
structure. Otherwise, for approximately τ0 > τ1, the
existence of the shielding region increases the total losses.
One has to have in mind, however, that the normal sheath
is usually better cooled than the “rest” of the
superconducting cable.
This work was partially supported by the Slovak Grant
Agency for Science VEGA. The motivation and support
for this study from the WENDELSTEIN W7-X project
(Max-Planck-Institut für Plasmaphysik, Greifswald,
Germany) is also acknowledged.
[1] Takács, S. and Gömöry, F.: Supercond. Sci. Technol. 18
(2005) 340.
[2] Takács, S., Werner, A., and Sochor, M.: Fusion Eng. Design
16 (2006) 123.
[3] Takács, S.: Supercond. Sci. Technol. 10 (1997) 733.
[4] Yanagi, N., Takács, S., Mito, T., Takahata, K., Iwamoto, A.,
and Yamamoto, J.: Cryogenics 37 (1997) 783.
[5] Gömöry, F., Takács, S., Werner, A., and Sochor, M.: IEEE
Trans. Applied Supercond. 16 (2006) 123.
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In 2005 and 2006, the department worked on the
following research projects: (1) “Temperature aspects of
dissipative processes in high Tc” (VEGA, principal
investigator P. Ušák); (2) “The dynamics of current
distribution in the 2nd generation superconductors for AC
applications” (APVV, principal investigator P. Ušák); (3)
“Superconducting coils for AC currents using YBCO
coated conductors” (European Office of Aerospace
Research and Development, principal investigator M.
Polák); (4) “AC loss measurements on high temperature
superconductors” (principal investigator F. Gömöry).
We focused on better understanding of physical and
technical properties of superconductors and on problems
important for the applications of superconductors in
electrical devices.
The main research problems we studied during years
2005 and 2006 include the following areas:
(a) Measurements of current distributions in
superconductors and superconducting cables. We
developed a method based on the measurement of
magnetic fields in the neighbourhood of a
superconducting sample or cable and on finding a
solution to the inverse problem, e.g. evaluating the
relation between the magnetic field and the particular
current distribution. Very good results were obtained for
superconducting samples YBCO.
The strength of the method was demonstrated by the
measurement of a Bi-2223/Ag superconducting tape. The
results were compared with those obtained by the socalled magnetic knife: the lateral current distributions
achieved by both methods agreed very well.
We also developed a method of the calculation of
current distributions in the
cross-section of a
superconducting cable from mapped self-field data around
the cable. We worked out an original experimental
approach to the measurement of magnetic fields in cables,
which allows one to determine the current distributions
inside cables. We intend to patent the mapping method.
(b) A thermometric method of the measurement of AC
losses in samples exposed to external magnetic fields and
carrying transport current. The method will be used to
measure the effect of the phase shift between the field and
current. We prepared an experimental set-up and tested its
parameters.
(c) Study of electromagnetic properties of YBCOcoated conductors and study of problems oriented on the
development of an YBCO-based conductor for AC use:
We extended and improved contactless methods for
the complex characterization of superconducting samples
using Hall probes with small active areas developed at our
department. We developed methods for the detection of
electrical contacts between filaments in the filamentary
YBCO tapes. A very important achievement was made by
the development of a method for the visualization of
magnetization and coupling currents in filamentary
YBCO-coated conductors.
AC losses in YBCO and BSCCO samples were
studied with methods based on the use of a lock-in

amplifier, Fourier analysis of the voltage signal from the
pick-up coils, an analog integrator, and Hall probes. The
methods make it possible to study the losses
between 1 mHz and 1000 Hz.
We also intensively studied the behaviour of coils
wound with YBCO coated conductors. An experimental
coil made from 1.2 m of 10 mm wide, copper stabilized
tape was tested initially. The pancake coil was provided
by American Superconductors. The experimental coil was
able to carry AC current with frequencies up to 1000 Hz.
However, the losses were high due to a large tape width.
Magnetic measurements showed a large influence of
magnetization currents on the magnetic field in the
winding. The experiments underlined the need for a new
conductor architecture with lower AC losses.
The PFCI experiment (poloidal field coil insert) on the
current distribution in large cables for fusion magnets was
considerably delayed. Thus, in 2006 we had to perform
the tests and installation of two measuring heads for the
PF coil at the Tesla Storrigton company in the UK. The
main effort was devoted to the precise determination of
positions of the Hall probes, as it affects the precision of
the current density determination.
In collaboration with Seconda Universitá di Napoli,
we studied the effect of the planar Hall voltage on the
measurements of small magnetic fields in the presence of
large in-plane field components.
International co-operation and informal scientific
contacts with foreign Institutions have contributed to the
results of our department significantly. We collaborated
with the following Institutions: the Air Force Research
Laboratory, Power Generation branch (AC YBCO
conductor, YBCO coils), the University of Wuppertal,
Germany (YBCO coated conductors), the Tampere
University of Technology, the Laboratory of
Electromagnetics, Finland (magnetic fields in the vicinity
of HTC samples), Seconda Universita di Napoli (current
distribution in cables for the fusion research), the National
High Magnetic Field Laboratory, Florida State University
(numerical simulation within inverse problem fieldcurrent distributions for the two-dimensional case).
Milan Polák
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The distribution of magnetization and transport currents in DyBCO tape
M. Polák, P. Ušák, and E. Demenčík

We studied the distribution in a high critical current
DyBa2Cu3O7 (DyBCO) tape on metallic substrate, using
Hall Probe magnetic field mapping of the tape carrying
transport or magnetization current at 77 K [1]. The current
distribution was then determined by solving the inverse
problem [2].
The sample, 80 mm long and 10 mm wide DyBCO
tape was manufactured by THEVA. 2 µm thick DyBCO
layer was deposited on Hastelloy “C” substrate with 3 µm
thick buffer layer. The superconducting layer was covered
by 0.5 µm Ag layer. The declared self-field critical
current of the tape at 77 K was 250 A. This sample was
used in measurements to determine the distribution of the
magnetization currents induced by an external magnetic
field. The same sample denoted as sample “2” was used
in measurements with a transport current. For this
measurement current the ends of the sample were
soldered to the current leads using pure Indium. The area
of each current contact was about 20 mm2.
The sample was placed in the working space of a
copper coil producing magnetic field up to ~ 0.2 T. The
measurements of sample magnetic field were done with a
small active area (20 µm x 20 µm) Hall probe prepared in
our laboratory (Type HHP-MU) with the sensitivity of
55 mV/T. The measuring Hall probe was fixed at the tip
of a G-10 rod, which was attached to an XYZ coordinate
system. The tape was placed parallel to (x,y) plane. The
Hall Probe measured the field component perpendicular
to the tape plane, Bz. The thickness of the Hall probe
active area was about 6 µm. The minimal distance Hall
probe - sample surface was about 60 µm.
By slowly moving the Hall probe distanced from the
tape surface by a small distance z, in the plane parallel to
tape surface, we mapped the transversal component of
magnetic field, Bz, generated by currents flowing in the
superconducting tape. The signal proportional to the
sample current was small compared to the signal

proportional to the external magnetic field. Another Hall
probe placed far from the tape was used to cancel the
external field signal.
At first, we mapped the field due to magnetization
currents, induced by a change of the external magnetic
field. Then, magnetic field produced by the transport
current was mapped.
We measured the sample field Bz across the tape,
Bz(x), in the middle of the sample length. If the distance of
Hall probe to the tape surface is small and the tape is
sufficiently uniform, the more distant parts of the tape (in
the longitudinal direction) have only a little impact on the
measured data. The dominant contribution to the
measured field is done by the section under the Hall probe
and at its vicinity. The current distribution of
magnetization currents (in A/m), determined by Tichonov
method, is shown in Fig. 1. As seen, the current
distribution “in field” is more uniform than that in zero
field. The measured transport current distributions are
shown in Fig. 2 (full tape current as a parameter).
Parameterized transport current distribution for highest
level of 150 A was compared with Brandt prediction. The
matching is rather good in central parts, but differences
were observed at the edges.
The Hall probe mapping/inverse method proved to be
useful tool for current distribution determination in
superconducting tapes. Our measurement was done at
77 K but is applicable in broad range of temperatures,
including helium temperatures.
The work was supported by EFDA/EURATOM
FU06-CT-2005-00007, VEGA 2/5089/25 and APVV-51002305. We thank to prof. Goldacker from FZ Karlsruhe
for providing the tape and valuable consultations.
[1] Polák, M., Ušák, P. and Demenčík, E.: Physica C 440
(2006) 40.
[2] Ušák, P.: Physica C 384 (2003) 93.
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Lateral critical current distribution and self-field profile of Bi-2223/Ag
conductors: measurements and calculations
E. Demenčík, P. Ušák, and M. Polák
We have investigated the local lateral critical current
distribution in three Bi-2223/Ag tapes at 77 K. Two tapes
have a filament lay-out which is typical for commercial
conductors, but different degrees of filament bridging.
The third sample has a columnar filament arrangement
and serves as a model system. The properties of the tapes
are given in Table 1.
Sample

Size [mm]

No. of filaments Ic [A]

A

0.25 x 3.7 x 50

55

54

B

0.3 x 4.15 x 50

37

16

C

0.25 x 3.4 x 50

16

17

We used two types of experiment: the first is based on
the magnetic self-field measurement (see e.g. the review
[1]) or current is confined to a selected part of the sample
and the local critical current is measured directly. The
Magnetic Knife (MK) yields the current distribution
directly, while a Hall Probe Mapping System (HPMS)
measures the self-field profile above the current-carrying
tapes, see [2]. In general, one can not expect that the
comparison between MK and HPMS data will yield
identical results, since quite different experimental
conditions apply to both.
a) The first difference is the role of self-field
suppression of Jc. In the HPMS experiment, the tapes are
saturated with a transport current and the external field is
zero. The perpendicular component of the self-field is
maximal at the tape edges, thus reducing locally the
current. In the MK experiments, a relatively high external
magnetic field is applied to most of the tape and the
transport current is limited to a narrow region, so that
self-field effects are negligible.

b) The second main difference has to do with current
“meandering” and filament bridging. In the MK
experiment, the current is forced to flow through a narrow
channel in the axial direction along the tape, while the
transport current in the HPMS measurements is free to
flow also in the x-direction and can thus “bypass” weaker
spots by redistributing itself within and between
filaments.
The results for the tape B are shown in Fig. 1a) or 1b),
respectively. This tape reveals the best fit of the results of
both experiments – due to low filament bridging and, in
the contrary, demonstrates the worst prediction of the
constant current distribution model, Jc = f(x) = const,
among all samples.
In conclusion, we have found out that all investigated
Bi-2223/Ag tapes show a significant suppression of the
local critical current at their edges. The comparison
between lateral current profiles obtained with the direct
MK method and the indirect scanning Hall probe method
provides information concerning the importance of lateral
current components. Specifically, it can be used to
compare the degree of inter-filament bridging between
samples.
This work was supported by the EU-ASTRA contract
ENK6-CT-2002-80658. The work was partially supported
also by the projects VEGA 2/5089/25, the project
EFDA/EURATOM FU06-CT-2005-00007, CENG and
APVV-51-002305.
[1] Bending, S.J.: Advances in Physics 48 (1999) 449.
[2] Demencik, E., Usak, P., Polak, M., Piel, H., and Dhalle, M.:
Supercond. Sci. Technol. 19 (2006) 848.
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Fig. 1. Sample B: a) self-field profiles obtained by the HPMS, calculated from the MK data and from assuming uniform current;
b) critical sheet current distributions obtained by the MK, calculated from the HPMS data and assuming uniform current.
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Visualization of coupling current paths in striated YBCO coated conductors at
frequencies up to 400 Hz
E. Demenčík, P. Ušák, S. Takács, I. Vávra, and M. Polák
In order to make high temperature superconducting
(HTS) tapes suitable for AC applications, a part of this
developmental effort has gone toward studies leading to a
more ac-tolerant architecture for the conductor [1]. As
part of this, a variety of techniques are widely used for
characterization of the electromagnetic properties.
However, these techniques are typically integral methods
describing the tapes as a whole on the scale of several
millimeters. For this purpose, an appropriate experiment
giving information on the local scale e.g. Magneto-optical
imaging (MOI) and Hall probe mapping (HPM) must be
applied. We used the HPM due to its advantages
compared to MOI, which are mainly the higher sensitivity
of the Hall probe sensors to the magnetic field, higher
versatility of the device, low cost, etc.
As sample, we used a multifilamentary YBCO-coated
tape with the dimensions 4 × 40 mm2. Sample was laserablated and resulting parallel grooves have width about
30 µm and the distance between them is 0.5 mm.
We measured the maps of the magnetic field in the
vicinity of the tape, Bsf,z (x, y), at frequencies 21 Hz,
165 Hz and 400 Hz. From these results we calculated the
lateral distribution of the local sheet current values,
Is,y (x), at each position y by solving the inverse problem.
The inversely calculated current profiles Is,y (x), at the
tape centre, are shown in Fig. 1.
The magnetic flux penetration into the tape can be
quantitatively described by means of the diffusion length
which is the length characterizing the exponential decay
of the transversal component of the coupling current
amplitude from the tape ends [2]:
1
(1)
ld =
µ 0ωn p ln (1 + 2n ⊥ ) 2πρ tr

the broad tape side, respectively; and ρtr is the transverse
resistivity. The transversal component (Ix (y)) of coupling
current decays from tape ends following the exponential
function: Ix = k ·exp {-y/ld},
(2)
where ld is the diffusion length. The diffusion lengths (ld)
were determined from the HPM experiments based on
Eq. (2). Based on curve fitting of the data shown in the
Fig. 2, we determined the diffusion lengths ld to be
8.7 mm, 3.5 mm and 2.1 mm for 21 Hz, 165 Hz and
400 Hz, respectively.
In conclusion, we have reconstructed the current paths
of the longitudinal (Iy) component of coupling currents in
a striated YBCO conductor with non-striated copper
stabilizer. The results obtained for three particular
frequencies (21 Hz, 165 Hz and 400 Hz) confirm the
theoretical prediction of the f -1/2 frequency dependence of
the diffusion length. For the lowest frequency of 21 Hz,
we observed weak coupling currents between the
filaments with dominant hysteretic currents. At higher
frequencies of 165 Hz and 400 Hz the superconducting
filaments are almost fully re-coupled by the currents
flowing through the copper stabilizer. The resistivity of
the coupling medium obtained from the values of the
diffusion length is close to that of copper.
This work was supported by the AFOSR grant,
number FA8655-05-1-3062. The work was partially
supported also by projects VEGA 2/5089/25, CENG and
APVV-51-002305.
[1] Barnes, P.N., Sumption, M.D., and Rhoads, G.L.:
Cryogenics 45 (2005) 670.
[2] Takacs, S. and Gomory, F.: Inst. Phys. Conf. Ser. No. 167
(2000) 611.
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The effect of epoxy impregnation on the behavior of a Bi-2223/Ag coil carrying
DC or AC current
J. Kvitkovič, M. Polák, L. Janšák, and P. Mozola
We studied the behavior of a superconducting coil
consisting of 3 double pancake coils made of Bi-2223/Ag
multifilamentary tape with high critical current, cooled by
liquid nitrogen at atmospheric pressure. We measured DC
I-V curves of the complete coil and of all pancake coils
and the temperature increase in several parts of the
winding at various dI/dt. The coil impregnation resulted
in larger heating of the coil. The thermal runaway current
was approximately two times larger than the coil critical
current defined by the mean value of the electric field
1µV/cm. The values of safe operation currents were
discussed. We also measured the dependence of AC
losses and the coil temperature on the coil current with
frequency of 50 Hz [1].
The critical currents (1µV/cm criterion) of all pancake
coils before and after impregnation are shown in Fig. 1.
Before the impregnation the pancake coils located at the
end of the coil have the lowest values of IC, 63.2 A and
46 A, as they are exposed to the magnetic field with the
largest perpendicular component. The pancakes in the coil
center have the highest values of IC, 79 A and 80 A, as
expected.
By comparing the critical currents of the pancakes
before and after impregnation we see that the critical
currents after the impregnation are smaller than those
before the impregnation. The reduction is ~ 5 % and
~ 15 % at the edges and in the central part of the coil,
respectively.
The critical current IC(1µV/cm) of the whole coil
before and after impregnation is 39.5 A and 38 A,
respectively. The reason for this small difference is the
large contribution of the resistive voltage along the short
piece, connecting the pancakes III/A and III/B, to the total
coil voltage. This resistive voltage did not change after
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[1] Polak, M., Kvitkovic, J., Janšák, L., and Mozola, P.:
Supercond. Sci. Technol. 19 (2006) 256.
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In Fig. 2 we show the short sample IC(B) characteristic
and the load lines for 3 pancakes forming a half of the
coil. The crossing point of the load line with short sample
IC(B) characteristic gives the critical currents 62 A and
76 A for pancake I/A and I/B. These values are close to
the measured values . The critical current of the pancake
II/A (~100 A) is larger than the measured one (79 A).
Our experiments with Bi-2223 coil assembled with 3
double pancake coils showed that the impregnation
reduced the critical current of the individual pancake coils
by 5 % to 15 %. The reduction is the consequence of the
worse heat removal from the winding volume resulting in
the larger coil heating. We also determined the thermal
runaway current, Itrc. It was nearly 2 times larger than the
values of IC(1µV/cm) for both non-impregnated coil
(> 70.6 A) and impregnated coil (69.6 A). The safe
operating currents Isafe < 0.9 Itrc [1].
For the coil carrying AC current with the frequency
50 Hz the coil heating was clearly detectable even at
currents far below the critical current.
We have found that the strong critical current
reduction in one of the double pancake coils resulting in
large resistive voltages observed with DC current did not
substantially increase the total losses of this coil. This
means that AC losses of Bi-2223/Ag coils operating with
AC currents are little sensitive to relatively large defect of
the tape. The contribution of the resistive losses in the
double pancake coil with reduced critical current to the
total AC losses of the whole coil was very small, which is
very important for AC applications of Bi-2223/Ag tapes.
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Fig. 1. The critical currents (E=1 µV/cm) of all six pancakes
before and after impregnation.
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AC losses in pancake coils from HTC superconductors
M. Polák, E. Demenčík, L. Janšák, J. Kvitkovič, and P. Mozola

A very promising progress of the technology of
YBCO coated conductors (so called second generation of
HTC conductors) makes these conductors very attractive
for various applications [1]. Pancake coil is a coil shape
frequently used in electrical devices like superconducting
transformers or motors. We prepared and studied pancake
coils wound with the superconductor of the second
generation of HTC conductors with the aim to get
information on the electromagnetic behavior of these coils
at higher freqencies. It is also interesting to compare
YBCO coils with those wound with Bi-2223/Ag tapes.
We studied a small pancake coil was wound using
1.2 m long, 10 mm wide YBCO coated superconductor
tape with impregnation by epoxy resin [2],[3]. The coil
was prepared by the company American Superconductors
(see Fig. 2). It was immersed in liquid nitrogen and tested
in several regimes. In the DC regime, we measured the IV curve, the hysteresis of the magnetic field-current curve
at liquid nitrogen temperature and the radial component of
the coil field at the coil edges. The critical currents of a
short sample at 77 K were also measured and compared
with those of the coil. The AC losses were measured in
the frequency range from 60 Hz to 1000 Hz and compared
with those of a similar coil wound with copper tape, as
shown in Fig. 1. The coil heating due to AC losses was
monitored. At 60 Hz, the losses of the YBCO coil were
nearly two orders of magnitude lower than those in the Cu
coil. With increasing frequency, this difference becomes
smaller, but the YBCO coil still exhibited lower losses at
1000 Hz.
In spite of the experimental data showing that the AC
losses of the superconducting coil are considerably
smaller than the losses in a similar copper coil, new

conductor concepts with considerably lower AC losses
are unavoidable. First of all, the current must flow in
filament which width is considerably smaller than our
tape. As shown in [1], filament width must be smaller
than 0.1 mm. Second, filaments must be twisted to avoid
large coupling losses.
As a next step we developed a double pancake coil
made from 4 mm wide YBCO coated conductor stabilized
by copper. Thanks to the smaller tape width we expect
lower coil AC losses. First experiments indicate this loss
reduction.
[1] Oberly, C.E., Long, L., Rhoads, G.L., and Carr, W.J.:
Cryogenics 41 (2001) 117.
[2] Polák, M., Demenčík, E., Janšák, L., Mozola, P., Aized, D.,
Thieme, C.L.H., Levin, G.A., and Barnes, P.N.: Applied
Phys. Lett. 88 (2006) 23501-1.
[3] Polák, M., Demenčík, E., Janšák, L., Ušák, E., Mozola, P.,
Thieme, C.L.H., Aized, D., Levin, G.A., and Barnes, P.N.:
IEEE Trans. Applied Supercond. 16 (2006) 1423.
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Fig. 1. AC losses in YBCO pancake coil.
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Thermal conductivity of samples simulating Bi-2223/Ag windings
P. Mozola, P. Ušák, J. Ryzá, and M. Polák

Insulation
Tape
Drain

Fig. 1. The model winding structure with copper drains and
directions of heat flux A transversal and B perpendicular to the

directions. Transversal direction of heat flux is similar to
the axial thermal conductivity in the winding and
perpendiculat direction of heat flux which is similar to the
radial thermal conductivity in the winding.
Results: The incorporation of parallel drains in the
model structure dramatically improved the effective
thermal conductivity in the direction parallel to coil axis.
Effective thermal conductivity increased 5 to 10 times.
We found that the effective thermal conductivity of the
winding structure is strongly influenced by the relative
presence of epoxy in the structure volume. This may
explain lower effective thermal conductivities for
standard structure configuration (without drains). Change
of the sample orientation with respect to the surface
(samples with the cooled surface in the horizontal and
vertical positions) has very little effect. The thermal
conductivity when the direction of heat flux was
perpendicular to the tape was 1.5 of magnitude worse than
the transversal direction of heat flux (Fig. 2).
Conclusion: Implementation of copper parallel drains
in the model structure significantly increased the effective
thermal conductivity in the axial coil direction which is of
importance especially for conductively cooled Bi-2223
coils. Perpendicular thermal conductivity in the windings
is not dominant.
The financial support from AFOSR grant number
FA8655-03-1-3082. The work was partially supported by
the Slovak Grant Agency VEGA, project 2/5089/25.
[1] Mozola, P., Ušák, P., Ryzá, J., and Polák, M.: J. Phys. Conf.
Ser. 43 (2006) 75.
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Temperature gradient (dT/cm)

We measured the effective thermal conductivity in
samples simulating the structure of Bi-2223/Ag
impregnated coils, at liquid nitrogen temperature. We also
studied the effect of the heat flux direction in the winding
structure. The effect of heat drains located between the
layers of the tape on the effective thermal conductivity
was studied.
The model of the winding structure: The coil winding
is an isotropic structure with respect to the orientation of
the heat flux. In the radial direction the tapes are stacked
and the gaps are filled by epoxy resin. The thermal
conductivity of silver is dominant. The resulting thermal
conductivity is given by the parallel connection of silver,
superconducting filaments and epoxy resin. In the axial
direction of the coil winding the configuration is more
complex and the numerical calculations of the effective
thermal conductivity is necessary. Another way is to build
this configuration in form of an experimental model and
to test the effective thermal conductivity behavior of the
whole complex in an appropriate temperature gradient at
some selected temperature level. In our study we have
chosen this way. The schema of the structure is in Fig. 1.
We used the model winding with matrix of 6 x 10 pieces.
The heater is located at one side of the column structure.
The structure is covered by thermally insulating material,
except the side opposite to heater. The complex is
immersed in LN2 at 77 K. The differential thermocouples
were used to monitor temperature field in the sample.
The model of winding structure with drains: The
conductively cooled coils are often surrounded by a cover
from high thermal conductivity material to improve the
cooling of the winding. Less attention is paid to improve
the effective thermal conductivity of the coil structure
itself, especially in the axial direction. We used a simple
method to improve effective thermal conductivity of
model structure using insulated copper wires build in
parallel with stacked columns. The geometry and
realization of the sample was practically the same as that
used in the standard winding structure without drains. In
both cases the volume fraction of epoxy was around 3 %.
The heat flux direction in the structure: We measured
the effective thermal conductivity for two heat flux
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Fig. 2. Measured thermal conductivity of the winding sample.
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Hall probe measuring systems for current distribution measurements in cables
for ITER
J. Kvitkovič and M. Polák
A number of research works investigate the behaviour
of superconducting “Cable-in-Conduit Conductors”
(CICC) for ITER (International Thermonuclear
Experimental Reactor) magnets. Department of
Electrodynamics of superconductors participated in
experimental program focused on the current
redistribution in CICC superconducting cables. Within the
framework of the European FUSION Program Hall probe
measuring heads have been designed, manufactured and
tested.
High current superconducting cables consist of
superconducting wires assembled in petals. Six petals are
placed into a stainless steel jacket. The current
redistribution in such cables depends on various factors.
During current ramp up minor differences in inductive
coupling between strands could produce large differences
in individual currents. The resistance variation in
individual strands at the cable terminations and within the
cable will determine the current flowing in each strand.
In the strands themselves, the current flow is limited
when the strand reaches critical conditions, locally
somewhere along its length. The resultant resistive
voltage can lead to a current redistribution. Cables with
some transverse conductivity can redistribute the current
within the cable, with this redistribution eventually
propagating back to the joint. In cables that do not permit
an internal current redistribution, severe stability
problems can occur, even in steady state conditions.
Current redistribution is very important issue as it may
influence the total performance of a CICC cable.
Unfortunately, the direct measurements of current
redistribution inside a CICC are not possible. An indirect
approach for the current profile estimate can be based on
the measurement of the magnetic field around the CICC
cable. The measuring systems are based on Hall Probe
(HP) heads placed around the cable properly located as
near as possible to the surface of conductors.

Fig. 1. Measuring head for PFCI experiment.
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The Poloidal Field Conductor Insert (PFCI) [1] has
been designed in the EU and was manufactured at Tesla
Engineering, UK. The PFCI consists of NbTi dualchannel conductor, 45 m long, with a 50x50 mm2 square
stainless steel jacket, wound in a single-layer solenoid. It
should carry up to 50 kA in a field of 6 T, and it will be
cooled by supercritical He at 4.5 K and 0.6 MPa. The
PFCI will be instrumented with two measuring heads
carrying HPs. They will be fixed to circular machined
sections of the PFCI conductor. Each circular head has 20
Hall probes distributed symmetrically around the cable
24.3 millimeters from the conductor axis, Fig. 1. To
minimize the effect of the background field, the voltage
difference between the Hall voltage of each HP and that
of the probe located on the other side of the cable axis in
the radial direction will be measured. While the Hall
voltage due to the cable current has the same sign for both
HPs, the voltages due to the external field have opposite
signs and they cancel mutually.
Hall probes with sensitivity of 40-65 mV/T at control
current of 100 mA, with linearity error < 0.2 % in
magnetic field interval ± 4T were used. HPs for PFCI
experiment were calibrated in superconducting magnet in
magnetic field interval ± 4 T at 4.2 K with magnet
hysteresis < ± 0.3 mT. The measuring heads were
installed at Tesla, UK at the end of the year 2006, Fig. 2.
The tests of the superconducting ITER-type NbTi
CICC cable have provided useful field data on the current
distribution in this type of conductors during current and
temperature transients, in particular approaching critical
conditions, thanks to accurate Hall probe magnetic
diagnostics.
This work was supported by EFDA EURATOM
Contract: No FU06-CT-2003-00041.
[1] Zanino, R. et al.: presented at ASC 2006, Seattle, to be
published in IEEE Trans. on Appl. Superconductivity.

Fig. 2. Installation
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Model inverse calculation of current distribution in the cross-section of a
superconducting cable
P. Ušák
The current distribution in a superconducting cable is
frequently inhomogeneous. As a result, the critical current
of the cable is not an additive function of critical currents
of its components (strands, petals,…), and it is lower than
expected.
We developed an effective method of the
measurement of current distributions across the width of a
superconducting tape, i.e. between its edges [1]. The
method is based on the Hall probe magnetometry of selfmagnetic field generated by transport currents in a
superconducting tape. The method differs from the simple
least square method, which is based on the minimization
of the Euclidean norm of the residuum vector constructed
as a difference between the real and predicted (directly
computed) magnetic field distributions that result from an
assumed current distribution within the sample (see
e.g. [2]).
The basic idea of the Tichonov regularization of the
inverse problem used in the one-dimensional method (e.g.
[3]) can be directly applied to a two-dimensional
distribution of the current in the cross-section of
a superconducting cable. The only change with respect to
the one-dimensional method is the new definition of the
transformation matrix given by a new geometry and new
definition of the net of values measured of the magnetic
field around the cable.
We made a model calculation for a cable with a square
cross-section. In the discretization process, the smooth
distribution of the current in the cross-section of the cable
was replaced by a net of n = 25 (5x5) distinctive current
paths. For the model calculation, magnetic sensors (Hall
probes) were placed in rows and columns adjacent to the
cross-section of the cable. All Hall probes were aligned in
the measurement plane perpendicular to the cable axis.
They measured only one component of the self-megnetic
field in the preferred direction given by the common
orientation of the Hall probes. The Hall voltage of a Hall

probe is sensitive to the magnetic field component
perpendicular to the probe plane. The orientation of the
Hall proves can be selected in order to minimize the
influence of the external magnetic field (to make it close
to parallel to the orientation of the plane where the probes
lay). The probe planes were selected to be parallel to the
surface of the rectangular cable in our model calculation,
In the model calculation, we defined at first the model
distribution of the currents and afterwards we calculated
a magnetic field distribution for the component
perpendicular to the mutually parallel probes planes.
Artificial esperimental noise (under 5 %) was applied
(added) to field distribution achieved.
From the resulting magnetic field data, by solving the
inverse problem according the procedure similar to one
described in [1], the current distribution was calculated
for every element of the current net. The example of the
results is on Figs. 1, 2 for a selected model distribution of
the current. The calculations were made for different
current distributions. In each case, the initial model
distribution was compared with the result of the inverse
calculation [1]. The possibilities and the limits of the
method are demonstrated in this way.
Experimental verification of the calculation procedure
was made. Original method of mapping was applied,
based on two twins of Hall probes.
This project has been funded in part by the National
Academy of Sciences under the Collaboration in Basic
Science and Engineering Program supported by Contract
No. INT-0002341 from the National Science Foundation,
and also by projet APVV-51-002305 and project VEGA
2/5089/25.

Fig. 1. Initial current distribution in cross-section of the cable.
Noise 5 % was applied to the magnetic field generated by this
current distribution.

Fig. 2. The result of inverse calculation of current distribution
from noisy magnetic field data. Compare to initial data in left.

[1] Ušák, P.: Physica C 384 (2003) 93.
[2] Coffey, M.W.: Phys. Rev. B 61 (2000) 1536.
[3] Ušák, P.: Physica C 434 (2006) 1.
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Transport current losses of YBCO tape, frequency and temperature dependence
L. Janšák

YBa2Cu3O7 (YBCO) coated tape conductor with high
critical current density has promising application for AC
power apparatus. The
transport current loss and
magnetization loss at external magnetic field are
important factor for effective applications.
The transport current losses of YBCO tapes were
published in the small (50-75 Hz) frequency range [1,2].
The transport current losses at lower temperatures than 77
K are not widely available.
The transport current losses (self field losses) of
YBCO coated tape were measured using lock-in amplifier
technique at different frequencies (from 23 Hz to 703 Hz)
and different temperatures (77.3 K – 66 K).
The measured transport current losses were compared
with Norris model, calculated using the critical current of
the tape. The frequency dependence of the transport
current loss for different currents is shown.
The temperature dependence of the transport current
loss at different frequencies and different transport
currents were measured.
The YBCO industrial produced tape, mono-layer,
electroplated stabilization Cu layer, with thickness of the
tape 0.15 mm and 4 mm width , were used at experiments.
The critical current of the tape was 58 A. The voltage taps
of 4 cm distance was connected with input of lock-in
amplifier.
The sample transport current was provided by the
bipolar current source 200 A controlled by the output of
lock-in amplifier. The isolating transformer was used for
sample alimentation to canceling of DC component of the
transport current.
The temperature dependence of the transport current
loss was measured in plastic cryostat. The temperature of
the sample was lowered by liquid nitrogen pumping.
The temperature of the sample was measured using
23 Hz
43 Hz
57 Hz
103 Hz
203 Hz
503 Hz
703 Hz
Norris - elliptical

1e-2
1e-3
1e-4
1e-5

transport current loss (J/m)

transport current loss (J/m)

[1] Duckwort, R.C., Thompson, J.R., Gouge, M.J., Lue, L.W.,
Ijaduola, A.O., Yu, D., and Verebeley, D.T.: Supercond. Sci.
Technol. 16 (2003) 1294.
[2] Ogawa, J., Nakayama, H., Odaka, S., and Tsukamoto, O.:
Cryogenics 45 (2005) 23.
[3] Tsukamoto, O.: Supercond. Sci. Technol 18 (2005) 596.
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Fig. 1. The transport current loss, J/m, measured at different
frequencies and transport currents
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platinum resistance thermometer immersed in the nitrogen
bath.
The transport current loss at different frequencies and
sample currents is shown in Fig. 1. In this Figure is also
shown the comparison with theoretical curves according
the Norris theory for elliptical form of the conductor,
calculated using the critical current of the tape.
The difference of the measured losses from
theoretical points of the Norris theory was explained by
Tsukamoto [3], due to the non constant current
distribution in the tape width.
The measured transport current losses are very close
of those predicted by Norris elliptical form at higher
frequencies, when the losses in Cu stabilization layer are
minimal due to the skin effects at higher frequencies of
the transport current.
The temperature dependence of transport current
losses, W/m, at different transport currents and frequency
57 Hz is shown in Fig. 2.
The temperature dependence of the transport current
loss at low transport current is very small, at higher
current are transport current loss are higher at temperature
of 77.3 K.
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Fig. 2. Temperature dependence of the transport current loss,
J/m at different currents 9.3, 22.3 and 41.8 A.
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The main research activities of the Department of
Cryoelectronics in 2005-2006 fall into the following
areas:
Thin superconductor oxide films and structures,
Superconductor MgB2 films and weak link
structures,
Dielectric oxide films for cryoelectronics structures,
Films and structures on the base of conventional
superconductors.
We reduced the dimension of ramp type junctions,
formed by ions modified weak link interface, which
improved their electrical properties. We prepared and
studied weak links of sub-micrometer dimensions by the
application of a fullerene mask for the ion etching
process.
The activities were mainly supported by the Slovak
Grant Agencies for Science and Technology under a
VEGA 2/3116/23 project “Josephson effects in
superconducting weak links and their application in
cryoelectronics circuits” and under an APVT-51-0227
project
“Investigation
of
high
temperature
superconducting (HTS) thin film detectors for
superconducting quantum interference devices (SQUID)”.
The miniaturization of the weak link structures down to
submicrometer dimensions was supported by the Slovak
Gov. Order No. SO 51/03R 06 00/03R 06 02 “New
Materials and Devices of Sub-micrometer Technologies”.
The Department coordinated an international INTAS
project entitled “Metal oxide thin film heterostructures on
tilted - axes substrates”.
We studied HTS films with the critical temperature
above 100 K, namely films based on Hg. We developed a
non-contact method of a mercuration process, which
allowed us to successfully prepare the first coplanar
structures suitable for ultrafast photodetectors. The work
was realized under the national VEGA projects and under
co-operation with the Laboratoire de Cristallographie
CNRS Grenoble (supported by the international mobility
project ECONET) and with the University of Rochester.
We also prepared thin superconducting MgB2 films by
sequential evaporation. The films were analysed by
transmission electron microscopy. We showed the
presence of the Mg2Si compound at the surface of the
MgB2/SiC/Si structure, which confirms the diffusion of
SiC through the MgB2 film. No crystalline MgO was
found in the MgB2 film. Problems with the MgB2 based
Josephson technology were monitored by conductance
spectrometry. It shows nanogranularity and degradation
of the MgB2 in the contact region.
This activity was supported by the VEGA project
“Perspective films and structures for electronics” and by
the ASTRA project.
Thin dielectric MgO films were applied as buffer
layers on GaAs substrate to enable a combination of
superconducting and semiconducting elements. We
studied the structural properties of the MgO films and the
growth of the superconducting YBCO films with suitable

properties. This research was supported mainly by the
APVV-51-040605 project entitled “Monolitically
integrated circuits based on GaAs (GaN) with passive
superconducting filters for millimetre wave band”. We
also solved similar problems related to the preparation of
thin perovskite manganite films on GaAs surface under
the APVT-51-03-2902 project entitled “Integrated
micromechanical sensors of electromagnetic radiation on
the base of manganite thin films”.
Nb/FexSi1-x/Nb tunnel structures were also studied.
We showed the presence of π-junctions, in which an
additional π-phase shift of the tunnelling Josephson
current is a consequence of the tunnelling at the
participation of the ferromagnetic exchange energy on
Iron atoms.
The Department participated in two ESF projects:
Network
programme:
“Nanoscience
and
Engineering in Superconductivity” (ESF - NES)
“Arrays of quantum dots and Josephson junctions”
(ESF - AQDJJ)
The Department of Cryoelectronics organized an
international workshop on Weak Superconductivity WWS’05, held in Bratislava from 16 to 19 September
2005. The workshop proceedings were published in
Physica C 435 (2006) issues 1-2.
Štefan Chromik
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Nanogranular MgB2 thin films on SiC buffered Si substrates prepared by in-situ
method
Š. Chromik, V. Štrbík, M. Španková, I. Vávra, and J. Huran
So far, the best results have been obtained by Zeng et
al. [1] where high quality MgB2 films were prepared
using a hybrid physical-chemical vapor deposition
(HPCVD) technique on top of a monocrystalline 6H-SiC
substrate. To the best of our knowledge, no publication
reports on the deposition of the MgB2 on a SiC buffered
Si substrate. This is the reason why we decided to apply
an amorphous SiC as a buffer layer on top of the Si
substrate beside the fact that the SiC is an interesting
doping material for the powder in tube processed MgB2
tapes.
Amorphous silicon carbide buffer layers were grown
by plasma enhanced chemical vapor deposition (PE CVD)
technique described in [2]. All films were prepared on
weakly doped n-type Si substrates, Si(100) and Si(111)
(resistivity 2-7 Ωcm).
The MgB2 films were prepared similarly to [3,4] by a
sequential electron beam evaporation of the Mg-B bilayer
followed by an in-situ annealing. The magnesium and
boron layers were deposited on the SiC buffered Si
substrates at room temperature. The deposition chamber
was evacuated to a pressure of 10-4 Pa. An excess of about
100 % of the Mg compared to the stoichiometric
composition has been used. The as-deposited films were
in-situ heated to 280 ºC for 30 min in an argon
atmosphere at a pressure of 0.06 Pa. Subsequently, the
pressure of Ar was increased up to 16 Pa and the
temperature of the heater was increased to the maximum
temperature of 830 ºC and kept there for 10 min. Finally,
the Ar pressure was raised to 103 Pa and the samples were
cooled down to room temperature.
The final MgB2 films obtained on the SiC/Si substrate
were completely or partially covered by the remainder of
the unreacted Mg. The nanogranular character of the

prepared films is confirmed by Transmission Electron
Microscopy. The microstructure and the Selected Area
Diffraction (SAD) patterns were examined at the surface
of the film, at the center of the film and close to the
interface with the SiC buffer layer. The SAD pattern
taken at the surface of the film (Fig. 1) reveals the
presence of the Mg2Si besides diffraction rings
originating from the MgB2 hexagonal phase. However,
the SAD pattern taken from the center of the film and
from the region near the interface with the buffer layer
showed diffraction rings belonging to the MgB2, only.
After the final etching, only an amorphous SiC is detected
near the interface.
The maximum zero resistance critical temperature TC0
was 37.4 K and the critical transport current density JC
reached about 106 A/cm2 at a temperature of 11 K
We characterized our structure by Heavy Ion Elastic
Recoil Detection Analysis (ERDA). The concentration
profiles confirm (Fig. 2) clearly that Mg and B are not a
bilayer anymore and they are diffused into each other.
Beside this, the mixing of the SiC with the MgB2 film and
with the Si substrate is evident.
The authors would like to thank to W. Bohne, J.
Röhrich, and E. Strub from Hahn-Meitner-Institut, Berlin,
Germany for collaboration.
[1] Zheng, X.H., et al.: Appl. Phys. Lett. 82 (2003) 2097.
[2] Huran, J., Hotový, I., Kobzev, A. S., and Balalykin, N.I.:
Thin Solid Films 459 (2004) 149.
[3] Chromik, Š., Gaži, Š., Štrbík, V., Španková, M., Vávra, I.,
and Beňačka, Š.: J. Appl. Phys. 96 (2004) 4668.
[4] Chromik, Š., et al.: Supercond. Sci Technol. 19 (2006) 577.
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Fig. 1. SAD pattern of the MgB2 surface.
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Tunneling in the ramp-type MgB2/AlOx/Nb Josephson junction
Š. Gaži, O. Vávra, Š. Chromik, and I. Vávra

Superconducting compound MgB2 with a critical
temperature TC = 39 K has highly anisotropic band
structure [1] with two gaps ∆S ~ 2 meV and ∆L ~ 7 meV.
A ramp-type MgB2/AlOx/Nb junction was made on a
200 nm thick layer of MgB2 which was prepared in twostep growth process on the Si substrate buffered by a 100
nm thick NbN layer.
The MgB2 has TC = 36 K and critical current density
JC = 107 A/cm2 [2]. The transmission electron microscope
(TEM) micrograph and corresponding electron diffraction
confirms a nanocrystalline MgB2 growth (Fig. 1). The
grain size of MgB2 is lower than 10 nm; the diffraction
pattern is typical for a nanocrystalline material and
confirms the random orientation of the MgB2 crystallites.
The increased diffusion background around the first
diffraction rings indicates also the presence of an
amorphous phase of the MgB2.
The ramp edge of the MgB2 layer was made by ion
beam miling. After that the Al-Nb proximity bi-layer with
a thickness of 5 + 150 nm was deposited by a magnetron
sputtering. The width of the upper Nb electrode is
500 µm.
The critical current density of our MgB2/AlOx/Nb
junction is approx. 6×10-3 A/cm2. That is ~ 10 times
smaller than 65 mA/cm2 for the MgB2/AlOx/MgB2 planar
junctions made by in-situ deposition [3].
The Josephson effect shows that ~ 30 % of the
supercurrent cannot be suppressed by neither the RF nor
magnetic field. The reason of this effect is the shunt

Fig. 1. The TEM micrograph and corresponding electron
diffraction of the NbN/MgB2 interface.

current through an amorphous intergrain MgB2 material.
The tunneling character of the MgB2/Nb ramp
junction is proved by the presence of parabolic
component of the dI/dV curve measured at 28.3 K
(Fig. 2). At the temperature of 24.3 K the shunt current of
the linear component shows Andreev reflection at the
boundary of the amorphous MgB2 with the
superconducting MgB2 nanograins. It is displayed as a
broad peak within the voltages |V| < 5 mV. The second
step appears at approx. 10 mV. At lower temperatures
(T < 15 K) steps in dI/dV characteristics at equidistant
voltage ~ 8 mV were observed. We assume that this value
consists of ~ 2 mV gap voltage of the MgB2 and ~ 6 mV
shift voltage from linear resistivity of the parallel canal.
The conductance spectrum showed a degradation of
the MgB2 in the contact region, the presence of only one
gap and the granular character of the MgB2, too.
[5] Liu, A.Y., et al.: Phys. Rev. Lett. 87 (2001) 87005.
[1] Chromik, Š., et al.: J. Appl. Phys. 96 (2004) 4668.
[2] Ueda, K., et al.: App. Phys. Lett. 86 (2005) 172502.

Fig. 2. Differential conductance curves of MgB2/Nb ramp
junction at temperatures 4.2 – 28.3 K for the voltages |V| <
10 mV. The curves are shifted by 0.5 Ω-1 for better clarity (the
reference curve is at T =11.6 K).
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Epitaxial LSMO films grown on MgO single-crystalline substrates
M. Španková, Š. Chromik, I. Vávra, K. Sedláčková, and P. Lobotka

Perovskite manganites, especially La1-xSrxMnO3 group
have attracted much attention due to the observation of a
colossal magnetoresistance (CMR) effect and high Curie
temperature. Manganite thin films have many potential
applications exploiting their magnetic properties, e.g.
low-cost magnetic sensors, SFS junctions, etc.
The La0.67Sr0.33MnO3 (LSMO) films were deposited
using an on-axis dc magnetron sputtering system from a
stoichiometric ceramic target onto one-side polished
MgO(001). The deposition was performed in an Ar(80 %)
+ O2(20 %) atmosphere at a total pressure of 30 Pa.
During the deposition the substrate was heated to 800 ºC.
The thickness and the growth rate of the LSMO films
were about 500 nm and 8 nm/min, respectively. In order
to increase the oxygen content some LSMO films were
subsequently in-situ annealed in O2 (104 Pa) at 800 ºC for
an hour. The preparation of the epitaxial LSMO film on
the MgO substrate is difficult because of the large lattice
mismatch (∼ 8 %) between these materials.
According to the X-ray diffraction pattern
measurements the LSMO films, as-prepared as well as
annealed, exhibited only (001) orientation. The rocking
curve value measured on the (001) peak reached
systematically 1º-1.3º.
From Rutherford backscattering spectroscopy (RBS)
measurements carried out on both types of the LSMO
films – as prepared and annealed in O2 we extracted the
following conclusions: All expected metal elements (La,
Sr, Mn) are present in both layers across the whole
thickness of the layers. In the case of the as-prepared
LSMO film the RBS spectrum implies an inhomogeneous
film with growing of metal atom concentrations in the
direction from the surface to the interface. The annealed
LSMO film exhibits a homogeneous distribution of the
film elements through the whole film thickness.

Fig. 1. Cross-sectional TEM micrograph of the annealed LSMO
film. The inset shows the selected area diffraction pattern of the
film giving an evidence of the epitaxial film growth.
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Detailed microstructure transmission electron
microscopy (TEM) analyses performed on the as-prepared
as well as on the annealed LSMO films show epitaxial
growth of the LSMO films. The cross-sectional TEM
micrograph of the annealed film demonstrates a columnar
structure with typical block sizes up to 30-40 nm (Fig. 1).
The bulk of the film is epitaxial but the surface exhibits a
polycrystalline microstructure. The thickness of the
polycrystalline part of the annealed LSMO film is about
20 nm. The origin of this layer is not clear at the moment
- it could be formed either during the post-deposition
annealing or during the cooling period after the
completion of the deposition. In the case of the asprepared LSMO, the cross-sectional TEM analyses of the
film do not reveal columnar crystal growth, and no
polycrystalline layer is observed on the film surface.
The temperature dependence of the resistance R(T) for
both types of the LSMO/MgO films was measured. In the
case of the annealed LSMO layer the resistance peak
occurs at 330 K which evidences a good quality of the
film (Fig. 2). By differentiating the R(T) curve, it was
found
that
the
maximal
sensitivity
(i.e.
TCR = 1/R*dR/dT) (∼ 3 % K-1) occurs, indeed, at
T = 290 K. To our knowledge, this is the best TCR value
obtained on the not well-matched MgO substrate. In the
case of the as-prepared film the R(T) curve exhibits a
monotonic semiconductor-like behaviour with a 2-4
orders higher resistance.
We would like to thank to S. Lucas, University of
Namur, Belgium for RBS measurements.
[1] Španková, M., Chromik, Š., Vávra, I., Sedláčková, K.,
Lobotka, P., Lucas, S., and Stanček, S.: submitted to Applied
Surface Science (2006).

Fig. 2. R(T) and TCR(T) dependences of the annealed LSMO
film.
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Properties of LSMO / YBCO bilayers
V. Štrbík, Š. Beňačka, and Š. Chromik
Hybrid structures composed of oxide superconductor
(S) and oxide ferromagnet (F) system have attracted great
attention for their importance in fundamental physics and
potential applications in spintronics. High critical
temperature superconductors Y1Ba2Cu3O7-δ (YBCO) and
ferromagnetic manganite La0.7Sr0.3MnO3 (LSMO)
materials are highly suitable for preparation of F/S or SFS
heterostructures mainly in the thin film form because of
their similar growth conditions and the good matching of
their crystalline parameters. There are two basic
mechanisms responsible for the interaction of the S order
parameter with magnetic moments in the F/S structure:
the electromagnetic mechanism (interaction of Cooper
pairs with the magnetic field induced by magnetic
moments) and exchange interaction of magnetic moments
with electrons in Cooper pairs. The second mechanism
enters into play due to the proximity effect, when Cooper
pairs penetrate into ferromagnetic layer, and leads to
modification of the parameters of the ferromagnetic and
the superconductor close to the interface.
Ferromagnetic La0.7Sr0.3MnO3 thin films were
deposited on (100) LaAlO3 substrates by RF off-axis
magnetron sputtering technique. The DC off-axis double
magnetron sputtering was used for deposition of YBCO
films on the top of the LSMO layer. The optimal
preparation conditions are mentioned elsewhere [1,2].
The X-ray investigations (θ - 2θ scan) confirmed the
oriented growth of both LSMO and YBCO layers. The
LSMO growths in pseudocubic structure with cell
parameter of a = 0.3894 nm which matches very well
with YBCO base plane (a = 0.384 nm, b = 0.387 nm).
The YBCO c lattice parameter is equal to 1.1687 nm and
corresponds to relaxed film. The resistance versus
temperature (R(T)) dependences (4-300 K) of single
YBCO and LSMO layers are shown in Fig. 1. The R(T) of
YBCO represents a high quality thin film with slope

Fig. 1. R(T) dependences of single LSMO and YBCO layers.
Inset shows R(T) dependence of LSMO / YBCO bilayer.

crossing the axes origin, zero resistance temperature TC0 =
87.5 K and width of transition (10 - 90 %) is about 1.8 K.
The R(T) dependence of single LSMO film indicates the
Curie temperature above 300 K and a temperature
coefficient of resistance (TCR) reaches the maximal
values at (or above) 300 K (TCR = 2 %) [3]. The resulting
R(T) dependence of LSMO/YBCO bilayer is shown in
Fig. 1 inset. One can see a significant influence of LSMO
in normal state of YBCO. In the transition range T ≈ 90 K
the YBCO shunts LSMO and bilayer becomes
superconducting. The further investigations below TC0
show again the influence of ferromagnetic LSMO on
superconducting properties of YBCO. The real part of
susceptibility (χ’) of two various bilayers (Fig. 2, curves 2
and 3) displays significant broadening of a diamagnetic
transition in comparing with single YBCO layer
(curve 1). These results confirmed the above mentioned
interaction of the superconducting order parameter with
magnetic moments in F/S bilayer. This effect can be more
enhanced by the direct injection of spin-polarized carriers
from ferromagnetic into superconducting film and it can
lead to practical devices of SFS or FSF junctios with high
gain.
This work was performed in cooperation with Dr. T.
Nurgaliev and Dr. E. Mateev from the Institute of
Electronics BAS, Sofia, Bulgaria.
[1] Nurgaliev, T., Blagoev, B., Mozhaeva, J.E., Mozhaev, P.B.,
Miteva, S., Mateev, E., Donchev, T., Strbik, V., and
Benachka, S.: Nanoscience & Nanotechnology 5 (2005) 91.
[2] Nurgaliev, T., Štrbík, V., Miteva, S., Blagoev, B., Mateev, E.,
Neshkov, L., Beňačka, Š., and Chromik, Š.: submitted to
Central European Journal of Physics (2006).
[3] Španková, M., Chromik, Š., Vávra, I., Sedláčková, K.,
Lobotka, P., Lucas, S., and Stanček, S.: submitted to Applied
Surface Science (2006).

Fig. 2. Diamagnetic transitions of single YBCO layer 70 nm
thick (1), bilayer LSMO /YBCO with 10 nm thick films (2) and
bilayer LSMO /YBCO with 40 nm thick films (3).
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Preparation and structural properties of evaporated MgO films grown on GaAs
substrate
Š. Chromik, M. Španková, I. Vávra, and P. Lobotka
Recently, the field of new electronics based on III-V
(mainly GaAs) and III-N (mainly GaN), semiconducting
materials with their main representative GaAs has rapidly
developed. Active elements on the base of this material
(HEMT structures and diodes) and passive elements are
very efficient at temperature of liquid nitrogen (77 K).
This gives a possibility of the integration of passive hightemperature superconductor (HTS) devices with active
GaAs devices. The direct growth of HTS thin films on the
GaAs, however, may not only produce a film with
suppressed critical temperature but can as well cause
damage to the GaAs substrate [1]. A suitable buffer film
is necessary on the top of the GaAs which will work as an
efficient diffusion barrier and enables an oriented growth
of the HTS film. MgO is particularly suited to this
purpose.
The GaAs substrates were chemically cleaned in the
H2O : NH4OH = 10 : 1 solution for 30 s before they were
placed on the heater in the growth chamber. Prior to the
MgO growth the GaAs substrates were thermally cleaned
at the heater temperature of 650 °C for 5 min in the
growth chamber at a pressure of ~ 10-4 Pa. The MgO
deposition was done in the heater temperature range
between 480 °C and 600 °C at a partial pressure of
oxygen ~ 10-2 Pa. The deposition was followed by slow
cooling to temperature 300 °C at a rate of 0.6 °C/s. Then
the heater was switched out. The typical deposition rate
was 0.1 nm/s..
Our MgO films exhibited only (00l) orientation,
verifying an alignment in the surface normal direction.
The Full Width of the Half Maximum value measured on
the (002) diffraction peak reached systematically 2.2-3 °.
Transmission electron microscopy (TEM) analyses
revealed an epitaxial growth of the MgO films (Fig. 1).

From the Selected Area Diffraction (SAD) pattern we
determined a cube on cube relationship of the MgO to the
GaAs substrate, i.e. the in-plane orientation relation is
MgO[001] || GaAs[001]. In the SAD pattern diffraction
spots and segments are visible corresponding to the GaAs
substrate and the MgO film, respectively (Fig. 1). The
cross-sectional TEM micrograph of the MgO film grown
on the GaAs substrate revealed crystalline defects in the
film.
Auger Electron Spectroscopy (AES) depth profile
shows no indication of an interfacial reaction because the
concentrations of the Mg and the O elements fall, as well
as the Ga and the As at the interface are going
simultaneously (Fig. 2). The concentration depth profiles
taken for two different temperatures of the heater during
the deposition, 490 °C and 600 °C, show no interdiffusion
and incorporation of the As or the Ga atoms into the MgO
film confirming that the MgO buffer layer is very
efficient diffusion barrier on the top of the GaAs
substrate.
This work was supported by the Slovak Grant Agency
for Science (grant No. 2/5130/25), Research and
Development Support Agency (APVV-51-032902,
APVV-51-040605) and Centre of excellence, SAS CENG.

Fig. 1. SAD pattern of the MgO/GaAs interface.

Fig. 2. AES depth profile of the MgO film grown on the GaAs
substrate at the heater temperature of 600 °C.
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Hg-based cuprate superconducting films and cryoelectronic structures
Š. Chromik, M. Valeriánová, V. Štrbík, and Š. Gaži

An important step at the fabrication of cryoelectronic
structures on the base of Hg is the patterning technique.
Hg1Ba2Ca1Cu2O6+δ (Hg-1212) films are susceptible to
water or water-based chemicals used in the standard
photolithography process making fabrication of Hg-1212
devices difficult. This process usually involves
photolithographic patterning which exposes film to
photoresist, heat, developer and chemical etchants (often
containing water) all which have detrimental effects onto
high-TC superconductor (HTS) material [1]. To overcome
these problems we decided to use lift-off patterning
process. This process is based on the patterning of the
resist and subsequent deposition of the precursor film.
Our preparation of Hg-1212 superconducting
structures is based on the patterning of the (Re-Ba-Ca-CuO) precursor film. The most important requests on the
precursor film are air stable properties after applied liftoff technique. We have found that precursor (Ba-Ca-CuO) films doped with rhenium are stable in air and suitable
for the preparation of Hg-based films [2].
The Hg-1212 films prepared from the Re-doped
precursor showed the maximum zero resistance critical
temperature TC0 values of the final films ~ 122 K at the
film thickness of 350 nm and 4 - 20 µm wide strips had
maximum TC0 ~ 110 K.
To receive more complex information about the bulk
properties of the films a method of temperature
dependence of microwave losses, magnetically modulated
microwave absorption (MMMA) [3] was applied. The
MMMA measurements have revealed that our Hg-based
films enable working at temperatures 77 K without a
noise effect due to the existence of intergranular weak
links.
Other difficulty in the fabrication of the Hg-based
superconducting structures is that the Hg source pellet
produces (ejects) particles to the surface of mercurated

precursor structure, or simply, some residua are sticked to
the patterned structures. Such particles often make shorts
between the strips of the structure. This problem is serious
at the preparation of the coplanar structures, potential for
the photodetector, where we have a gap between two
coplanar strips 10 or 20 µm on the length ~ 8 mm. To
solve this problem we have developed a non-contact
method of the mercuration process [4] which decreases
considerably the amount of the particles originated from
the source pellet and avoids sticked residua as well as
short-circuits between the strips of the coplanar structure.
We have shown that in the case of Hg-based films the
Cooper-pair dynamics is not limited by the phonon
bottleneck, which makes this HTS compound material-ofchoice for ultrafast optoelectronic applications [5]. An
important step for the optoelectronic application is a
creation of Hg-based microbridges embedded into a
coplanar strip to observe transient voltage signals
generated in a current biased microbridge expose to a
femtosecond -in-duration laser excitation. We were
successful at the preparation of such structures on the top
of the LaAlO3 substrate (Fig. 1). At low temperatures, and
under low bias and low excitation conditions, it was
observed the fast, ~ 90 ps (system-limited), kineticinductive response, associated with the Cooper-pair
breaking and quasiparticle recombination processes. At
high temperatures, close to TC0, the photoresponse was a
superposition of the fast kinetic-inductive and slower
resistive signals, with the fast part essentially the same as
the one observed at low temperatures and under low bias.
The bolometric (resistive) component corresponded to the
heat transfer from the film to the substrate [6]. The
observed fast kinetic-inductive relaxation dynamics in our
Hg-Ba-Ca-Cu-O devices make this material very
promising for ultrafast photodetector applications.
[1] Aytug, T., Yu, Y., Yan, S.L., Xie, Y.Y., and Wu, J.Z.: Physica
C 325 (1999) 56.
[2] Chromik, Š., De Barros, D., Štrbík, V., Odier, P., Sin, A.,
Hanic, F., and Kostič, I.: J. Phys. IV France 11 (2001)
Pr11.
[3] Chromik, Š., Jergel, M., Gaži, Š., Štrbík, V., Hanic, F.,
Falcony, C., Vaško, M.,and Beňačka, Š: Physica C 354
(2001) 429.
[4] Valeriánová, M., Odier, P., Pairis, S., and Štrbík, V.:
Physica C 435 (2006) 31.
[5] Li, X., Xu, Y., Chromik, Š., Štrbík, V., Odier, P., De Barros,
D., and Sobolewski, R.: IEEE Trans. Applied Supercond. 15
(2005) 622.
[6] Li, X., Khafizov, M., Sobolewski, R., Chromik, Š., Štrbík, V.,
Valeriánová, M., and Odier, P.: Proc. of the ASC 2006,
Seattle, USA will be published.

Fig. 1. SEM image of the coplanar strips of the
superconducting structure fabricated using non-contact
mercuration.
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Thin films of Hg-based cuprate superconductors
M. Valeriánová, Š. Chromik, V. Štrbík, M. Polák, J. Kvitkovič, and P. Mozola

Mercury based superconductors HgBa2Can-1CunO2n+2+δ
exhibit the highest critical temperature of all known
superconductors. Recently, we developed new method for
the fabrication of the thin films of these materials [1].
This method is more reproducible thus more suitable for
the preparation of thin superconducting films based on
mercury for cryoelectronic applications. In the new
method of the mercuration, there is no contact between
the precursor film and the source of the mercury during
the mercuration. Magnetic measurements using Hall
probe method confirmed higher homogeneity of as
prepared films and critical current densities up to 7×104
Acm-2 [2].
The mercuration is a very complex process which
could be influenced by numerous parameters. Formation
of the particular phases depends on the relation between
pHg, pO2 and synthesis temperature. We studied the
influence of the synthesis time and temperature on the
properties of the final films at the different amount of the
mercury in the reaction system at fixed pO2. First, the
experiments with low amount of Hg (about
0.001 mol/cm3) were performed. The synthesis time was
2-6 h and temperature 800, 820, 830 °C.
At 800 °C, we obtained c-axis oriented Hg-1212
phase. Increase of the annealing time leads to the better caxis orientation of this phase. In the X-ray diffraction
patterns (Fig. 1a) we observed also diffractions of some
Re2-xBa4Ca1+yO12 parasitic phase. This phase is also
textured and its amount decreases with increasing
annealing time. Measurements of the R(T) dependences of
the prepared films confirmed the presence of
superconducting phase. However, the onset (TON) and
zero resistance (TC0) critical temperatures of the films
annealed during 2 and 4 h are reduced probably due to the
insufficient crystallization of the Hg-1212 and nonsuperconducting Re-phase. Using mercuration at 820 °C

Fig. 1. X-ray diffraction patterns of films prepared at 800 °C/5 h
with different amounts of Hg: 1.04x10-3 mol/cm3 (a), 1.26x10-3
mol/cm3 (b) and 1.77x10-3 mol/cm3 (c). Hg-1212 phase (}), Rephase (⊗), sapphire (S), CeO2 buffer layer (C).

108

we obtained the critical temperature higher as at 800 °C
(TON up to 126 K, TC0 up to 107 K).
For the mercuration at 830 °C already after 2 hours of
annealing we obtained pure c-axis oriented Hg-1212
superconducting phase. This suggest that at low content
of the mercury in the reaction system (0.001 mol/cm3) the
formation of the parasitic phase containing rhenium can
be avoided by using the higher annealing temperature.
After 4 hours of the mercuration, the prepared films
contained c-axis oriented Hg-1212 phase of good
crystallinity with relatively high values of the critical
temperatures (TON up to 131 K, TC0 up to 105 K).
Then we started experiments with higher content of
the mercury in the reaction system so we increased the
mercury pressure in the sealed quartz tube. We performed
mainly experiments at 800 °C to prevent the explosion of
the quartz tube. In the Fig. 1 we can see XRD patterns of
the films prepared at 800 °C/5 h with different amounts of
mercury (1.04x10-3 – 1.77x10-3 mol/cm3). At low amount
of the mercury Hg-1212 and Re-based phase are formed.
Addition of the further mercury inhibited the creation of
the parasitic phase and supported the growth of the
superconducting phase. Also the values of the critical
temperatures TC0 increased up to 115 K (Fig. 2).
Using higher amount of the mercury inhibited creation
of the Re-based phase and also advanced the formation of
the superconducting phase and improved the critical
temperature of the prepared films at lower synthesis
temperature.
This work was performed in cooperation with Dr. P.
Odier from the Institut Néel, CNRS, Grenoble, France.
[1] Valeriánová, M., Odier, P., Pairis, S., and Štrbík, V.:
Physica C 435 (2006) 31.
[2] Polák, M., Kvitkovič, J., Valeriánová, M., Chromik, Š.,
Mozola, P., and Odier, P.: Physica C 435 (2006) 41.

Fig. 2. R(T) dependences of the films prepared at 800 °C / 5 h
with different amounts of mercury.
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Influence of the reaction conditions on the formation of Tl-based
superconducting thin films by thallination in open system
A. Dujavová, M. Valeriánová, V. Štrbík, and Š. Chromik
Tl-based high temperature superconducting thin films
are highly attractive for applications in cryoelectronics.
Possible candidates for this application, with critical
temperature (Tc) above 100 K, are Tl2Ba2Ca2Cu3O10 (Tl–
2223) and Tl2Ba2CaCu2O8 (Tl–2212) [1], where supposed
working temperature 77 K (sufficiently below Tc) seems
to be suitable for integration of passive superconducting
elements with active semiconducting elements. Tl-2223
phase shows good superconducting parameters (Tc, Jc),
however, the synthesis of this phase in pure form is a
difficult task [2].
High temperature Tl-based superconducting thin films
were prepared by a two step process [1]. The first step
was the preparation of a precursor films (having a
thickness of about 200 nm) with a composition of
Re0.1Ba2Ca2Cu3Ox on CeO2 buffered R–plane sapphire
substrate. The precursor films were deposited from the
target of the same stoichiometry by RF magnetron
sputtering at room temperature in Ar atmosphere at the
pressure of 20 Pa. The second step was a thallination of
the precursor films. We used a one zone configuration,
where both the thallium source and precursor films were
kept at the same temperature. The precursor film was
wrapped jointly with a source of thallium in a silver foil
and inserted into an alumina crucible. The thallination
was carried out in flowing oxygen atmosphere, where the
syntheses were performed at 850 and 880 °C for 30, 45
and 60 min.
The source of thallium (thallination pellet) was
prepared by mixing Tl2O3 and Re0.15Ba2Ca2Cu3Ox
powders in stoichiometric ratio. The resulting powder was
pressed into a pellet with nominal composition of
Tl1.85Re0.15Ba2Ca2Cu3Ox (A) and Tl0.925Re0.15Ba2Ca2Cu3Ox
(B). The final films were studied by X-ray diffraction
(XRD) analysis and measurement of R(T) dependences.

The
thallination
of
the
precursor
film
Re0.1Ba2Ca2Cu3Ox using pellet A at 880 °C for 45 min led
to Tl-2212 phase similarly as at 850 °C. After thallination
with pellet B the mixture of Tl-2223, Tl-2212 and Tl1212 was formed, where the main phase was Tl-2223
(Fig. 1). The prepared film showed onset critical
temperature Ton = 131 K, which is typical for the Tl-2223
superconductor. However, the value of zero resistance
critical temperature Tc(0) = 84 K was determined by the
content of Tl-2212 and other phases with suppressed Tc
(mainly in intergranular region) of the film. The simitar
results were obtained with precursor prepared by spray
aerosol deposition [3].
The influence of the thallination time (30, 45 and
60 min) at 880 °C was studied on the properties of the
final films. In the case of the pellet B we observed a
strong influence of the thallination time on the phase
composition and the values of the critical temperatures in
the obtained films. After 30 min of the thallination a
mixture of the Tl-2212 and Tl-1212 phase was formed.
The 45 min annealing led to a film, which contained of a
Tl-2212 / Tl-2223 mixture showing onset critical
temperature of Ton = 131 K. On the other hand, the 60 min
heating led to undesired loss of Tl and a formation of Tl1212 phase with Tc(0) = 38 K was observed.
Thin
films
of
Tl-based
high-temperature
superconductors were prepared by RF magnetron
sputtering and ex-situ thallination. The influence of the
thallination time and temperature on the phase
composition and on superconducting properties of the
prepared films was more distinct in the case of the Tl
source with lower Tl content. If a thallination pellet with
higher Tl content was used, only Tl-2212 single phase
was formed without reference to the time and temperature
of the thallination. The conditions favoring the formation
of the Tl-2223 phase were annealing at 880 °C / 45 min
and using a source of lower Tl content. In this case a
mixture of superconducting Tl-2223 and Tl-2212 phase
was obtained.
[1] Dujavová, A., Valeriánová, M., Štrbík, V., Matkovičová, Z.,
Plesch, G., and Kostič, I.: submitted to Central European
Journal of Physics (2006).
[2] Nguyen Xuan, H., Beauquis, S., Galez, Ph., Chadouet, P.,
Jimenez, C., Weiss, F., Decroux, M., Therasse, M.,
Štrbík,V., Polák, M., and Chromik, Š.: J. of Physics :
Conference Series 43 (2006) 281.
[3] Matkovičová, Z., Štrbík, V., Plesch, G., Veleriánová, M., and
Dujavová, A.: accepted at Central European Journal of
Physics (2007).

Fig. 1. XRD pattern of thin Tl based superconducting films
prepared by thallination at 880 °C / 45 min using pellet B.
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0 and π phase Josephson coupling through an insulating barrier with magnetic
impurities
O. Vávra, Š. Gaži, I. Vávra, and J. Dérer
We have studied the temperature and magnetic field
dependencies of the critical current IC in the Nb-Fe0.1Si0.9Nb Josephson junction with a tunneling barrier formed by
a paramagnetic insulator. We demonstrate that in these
junctions coexistence of both the 0 and the π states within
one tunnel junction occurs, and leads to the appearance of
a sharp cusp in the temperature dependence IC(T), similar
to the IC(T) cusp found for the 0-π transition in metallic π
junctions. This cusp is not related to the 0-π temperatureinduced transition itself, but is caused by the different
temperature dependencies of the opposing 0 and π
supercurrents through the barrier [1].
Direct measurements of IC at zero magnetic field
reveal some finite values up to a temperature around 4 K
(see Fig. 1). Above this temperature, instead of IC the
zero-bias peak is observed in the dI/dV curves. To find
out what happens above 4 K, we have determined the
IZBP (integrated zero bias peak) for each used
temperature T > 4 K. As can be seen from Fig. 1, the
proposed [2] method reveals a sharp IZBP cusp at the
temperature of 4.8 K, a maximum at approximately 6 K,
and then a decrease down to zero at T = 7 K which is the
critical temperature of our Nb-Fe0.1Si0.9-Nb Josephson
junction.
Figure 2 shows the critical current vs applied magnetic
flux IC(Φ) dependences for the temperatures marked in
Fig. 1 by circles. Curves 1, 2, and 3 show a peak around
zero field with finite values of IC. Elsewhere, the IC(Φ)
dependence is suppressed and was, therefore, obtained

Fig. 1. The temperature dependences of the critical current
IC(T) and the integrated zero-bias peak IZBP(T) of the NbFe0.1Si0.9-Nb tunnel junction in zero magnetic field. IZBP(T)
can be considered as a zoom of the IC(T) dependence in the
temperature range from 4 up to 7 K. The circles denotes the
points where IC(Φ) was measured (see Fig. 2).
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using the IZBP versus the applied magnetic flux. As for
the IZBP versus temperature, the IZBP was found for
each value of the magnetic flux. In what follows the IZBP
together with the IC temperature and magnetic field
dependencies will be referred to as a single IC(T) or IC (Φ)
dependence.
The unusual behavior of the junction in a magnetic
field is clearly seen from Fig. 1. As the temperature
decreases, the shape of IC(Φ) changes. In particular, in the
interval of magnetic flux (-Φ0 ; Φ0) it is clear that the
middle peak gradually vanishes as the temperature
increases (curves 1-4). At the temperature of 4.8 K (curve
5) a minimum of the critical current at zero applied flux
IC(0) is observed. Such behavior with a minimum of
critical current at Φ=0 is typical for 0-π Josephson
junctions.
[1] Vávra, O., Gaži, Š., Golubović, D.S., Vávra I., Dérer, J.,
Verbeeck, J., Van Tendeloo, G., and Moshchalkov, V.V.:
Phys. Rev. B 74 (2006) 020502.
[2] Vávra, O., Gaži, Š., Vávra, I., Golubović, D.S., Dérer, J.,
and Moshchalkov, V.V.: Physica C 435 (2006) 92.

Fig. 2. The applied magnetic flux dependences of the critical
current IC(Φ) and integrated zero-bias peak IZBP(Φ) of the
Nb-Fe0.1Si0.9-Nb tunnel junction for temperatures marked in
Fig. 1.

Institute of Electrical Engineering

Department of Cryoelectronics



C60 films as an etching mask for creation of YBa2Cu3O7 structures
J. Vincenc Oboňa, Š. Chromik, M. Španková, Zs. Őszi, and V. Štrbík

High temperature superconducting films hold great
promise for applications in the field of electronics. So far
YBa2Cu3O7 (YBCO) films have been the most intensively
studied and developed. To exploit the physical potential
of these superconducting thin films in electronic
applications, it is needful to develop suitable techniques
for microfabrication of electronic devices [1-4].
Wet chemical etching (WCE) presents an alternative
of the patterning process. In the case of WCE the etchant
affects directly the YBCO material through a standard
photoresist. The method does not damage the material
degrading the critical temperature TC. Br-ethanol seems to
be an optimal etchant for the YBCO. It removes oxygen
depleted YBCO surface layer, keeps a stoichiometric
composition at the etched surface and usually no residua
on the surface of the substrate are observed after etching.
The main disadvantage in this case is that standard
positive photeresists are soluble in the Br-ethanol.
The main advantage of the patterning by ion beam
etching (IBE) is the high resolution and no chemical
interaction. However, heating during the etching causes a
suppression of the superconducting properties. The most
used mask for submicron patterning of the YBCO film by
Ar ion etching is polymethyl metacrylat (PMMA)
electron photoresist. However it has more than 4 times
higher etching rate comparing to the YBCO material. This
fact limits the possible thickness of the patterned YBCO
films.
We present the application of the C60 mask in the
process of WCE (in Br-ethanol) and IBE to avoid the
obstacles presented above [5]. We utilize the insolubility
of the C60 in the acetone and thus we prepared C60 resist
masks on thin superconducting films by a lift-off method.
In the case of WCE we prepared the structures with
smooth sidewalls and without underetching.

Concerning the minimal size of the structures on the
YBCO the most progressive technique is the etching by
IBE using the C60 resist mask. There is a possibility of the
etching of the YBCO with a thickness up to 600 nm. The
minimal width of the structures with successful properties
that we reached is 0.6 µm. The main default of this
method is the decrease of the YBCO TC because of the
heating (Fig. 1). We can improve it by cooled holder of
the samples. In Fig. 1 there is a difference between
resistances of the samples at 300 K caused by the
presence/absence of the gold layer on the YBCO.
We tried to prepare various structures by IBE. The
most interesting results are the bridge-like structure,
Josephson junctions on the YBCO with ramp arrangement
and SQUIDs (Fig. 2).

Fig. 1. R(T) dependence of YBCO layer before and after
IBE.

Fig. 2. Microbridge and SQUID structures obtained by
IBE.

We would like to thank to Ivan Kostič, from II SAS
for preparing PMMA masks for lift off method by the
electron lithography.
[1] Karmanenko, S.F., Semenov, A.A., Khrebtov, I.A., Leonov,
V.N., Johansen, T.H., Galperin, Yu. M., Bobyl, A.V.,
Dedoboretz, A.I., Gaevski, M.E., Lunev, A.V., and Suris,
R.A.: Supercond. Sci. Technol. 13 (2000) 273.
[2] Shokoohi, F.K., Schiavone, L.M., Rogers, C.T., Inam, A.,
Wu, X.D., Nazar, L., and Venkatesan, T.: Appl. Phys. Lett.
55 (1989) 2661.
[3] Huijbregtse, J.M., Dam, B., van der Geest, R.C.F.,
Klaassen, F.C., Elberse, R., Rector, J.H., and Griessen, R.:
Phys. Rev. B 62 (2000) 1338.
[4] Verbist, K., Lebedev, O.I., Van Tendeloo, G., Verhoeven,
M.A.J., Rijnders, A.J.H.M., Blank, D.H.A.: Supercond. Sci.
Technol. 9 (1996) 978.
[5] Vincenc Oboňa, J., Chromik, Š., Španková, M., Őszi, Zs.,
Štrbík, V., and Kostič, I.: Physica C 435 (2006) 37.
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YBCO ramp-type Josephson junctions
Zs. Őszi, Š. Beňačka, M. Španková, and Š. Chromik

Small and anisotropic coherence length of high-Tc
superconductors (HTS), their unconventional d-wave
order parameter and specific properties at the interface
with normal metal or insulator (mid-gap Andreev
resonant states, internal phase of the pair potential, novel
proximity effect) cause considerable difficulties for
realization of HTS Josephson junctions. We investigated
YBa2Cu3Ox (YBCO) based ramp-type junctions with
barrier prepared by interface modification, using
accelerated Ar+ ions locally depressing superconductivity.
The Josephson junctions have been realized on c-axis
oriented YBCO thin films prepared by DC magnetron
sputtering on LaAl2O3 substrates. To obtain flat and
smooth ramp, with angle about 20°, the accelerated Ar+
ions, at incidence angle α ≈ 40°, were in addition
deviating by a small angle β ≈ ±7° (Fig. 1). Within a few
minutes, including the cleaning of the ramp, the sample
was put into the vacuum chamber for counter electrode
deposition. The 200 nm thick top YBCO electrode was
deposited at the same conditions as the bottom layer [1].
The top YBCO film was patterned into strip lines
W = 4 ÷ 10 µm wide. The junction area was defined by
the overlap of the bottom YBCO ramp and YBCO strip of
the top electrode (Fig. 1).
The temperature dependence of the sample resistance
shows sharp YBCO thin film transition temperature TcF to
a small junction resistance Ri, corresponding to the
resistance of weak link with zero resistance critical
temperature Tc0. The temperature dependence of the
current-voltage characteristics (IVC) near the temperature
Tc’ ≈ 0.75Tc0 show the typical resistively shunted junction
(RSJ) behavior, with an upward curvature of the IVC.
Below Tc’ the IVC changes to the downward curvature

and flux flow regime becomes dominant in the junction.
From the magnetic field dependence of the critical current
Ic(B) it was possible to determine the excess current as the
magnetic field non-dependent amount of the critical
current [2]. The rise of the excess current with decreasing
temperature may be connected with non homogeneous
change of electrical properties of the interlayer between
the electrodes.
For a more detailed test of junction properties we
studied the Shapiro current steps [2] by applying
microwave radiation at frequency ν ≈ 9 GHz with output
power of microwave source P ≈ 10 mW. The IVC under
microwave irradiation are shown in Fig. 22, in which the
microwave induced current steps and the variation of the
steps height with the applied microwave current are
clearly seen at voltages Vn = nΦ0ν up to 10th harmonic of
ν. It is well known that for a Josephson junction with a
relatively large IcRn product, and normalized frequency
ω = Φ0νn / IcRn << 1, its IVC can be well described by the
RSJ model.
We have demonstrated a process of ramp type YBCO
Josephson junction preparation which intentionally avoids
the deposition of an artificial barrier layer. These
junctions demonstrate that pure Ar+ ion etching with
sufficiently high energy (~ 500 eV) significantly modifies
the etched surface of YBCO and forms a thin metallic
layer which can effectively work as a barrier in HTS weak
links.
[1] Őszi, Zs., Beňačka, Š., Štrbík, V., Chromik, Š., Španková, M.,
Kostič, I., and Kleja, P.: Thin Solid Films 433 (2003) 359.
[2] Őszi, Zs., Beňačka, Š., Španková, M., and Chromik, Š.:
Physica C 435 (2006) 46.

W

Fig. 1. Sketch of the ramp-type Josephson junction. The
directions of the incident accelerated Ar+ ions, during the
ramp patterning, are indicated.
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Fig. 2. The Shapiro steps observed in the IVC at different
amplitudes of external microwave radiation (frequency
ν = 9 GHz).

III. Projects

Institute of Electrical Engineering
Projects


National projects
Project

Agency

Responsible

Duration

New materials and devices in sub-micrometer
technology
Centre of electronic and electrotechnique advanced
devices - CENG

Slovak
Government
Centre of
Excellence
SAS
EC - ESF &
Ministry of
Education SR
EC - ESF &
Ministry of
Education SR
VEGA

Dr. K. Frőhlich

2002 - 2005

Dr. F. Gömöry

2005 - 2008

Dr. V. Cambel

2005 - 2008

Dr. K. Frőhlich

2006 - 2009

Dr. M. Moško

2003 - 2005

VEGA

Dr. F. Dubecký

2004 - 2006

VEGA

Dr. J. Kuzmík

2003 - 2005

VEGA

Dr. J. Novák

2003 – 2005

VEGA

Dr. S. Takács

2003 - 2005

Educational Centre for Information Technology and
Power Engineering - VCITE
Establishment of research-development and
innovative network for materials and technology of
their combination - MatNet
Transport of interacting electrons in a disordered
one-dimensional conductor
Investigation of technology, physical and detection
performances of X- and gamma ray InP- based
detectors
Quantum heterostructures based on III-N
semiconductor materials
Ternary and quaternary alloys in advanced
semiconductor devices
Flux penetration into superconductors of various
shapes and configurations
Josephson effects in superconducting weak links and
their application in cryoelectronic circuits
Nanocrystalline thin film materials

VEGA

Dr. V. Štrbík

2003 - 2005

VEGA

Dr. I. Vávra

2003 - 2005

Micromachined metal oxide gas microsensors

VEGA

Dr. J. Huran

2003 - 2005

Nanocrystalline thin film materials

VEGA

Dr. I. Vávra

2003 - 2005

Gas sensing microsystem based on GaAs
microstructures
Thin films and structures perspective for electronics

VEGA

Dr. J. Huran

2004 - 2007

VEGA

Dr. Š. Chromik

2005 - 2007

VEGA

Dr. P. Kováč

2005 - 2007

VEGA

Dr. P. Ušák

2005 - 2007

VEGA

Dr. M. Moško

2006 - 2008

VEGA

Dr. I. Vávra

2006 - 2008

VEGA

Dr. D. Gregušová

2006 - 2008

VEGA

Dr. J. Novák

2006 - 2008

VEGA

Dr. T. Lalinský

2006 - 2008

Superconducting MgB2 wires with artificial pinning
centers
Temperature aspects of dissipative processes in high
Tc
superconductors
YBCO and BSCCO-2223
Electron-electron interaction and coherent electron
transport in mesoscopic wires and rings
Nanocomposite thin films and coatings
Influence of passivation on the properties of
AlGaN/GaN HEMT´s
Nanodimension and its influence on properties of
MOVPE semiconductor layers and structures
Micro(nano)electromechanical structures for new
generation of electronic, sensoric and detection
devices

114

Institute of Electrical Engineering
Projects


VEGA

Dr. S. Takács

2006 - 2008

APVT

Dr. I. Vávra

2004 - 2006

APVT

Dr. V. Cambel

2002 - 2005

Epitaxial heterostructures high-brightness light
emitting diodes based on GaP substrates

APVT

Dr. J. Novák

2004 – 2006

Electromagnetic properties of superconducting
composite conductors

APVT

Dr. F. Gömöry

2002 - 2005

Investigation of high temperature superconducting
thin film detectors for superconducting quantum
nterference devices (SQUID)
Composite superconductors for cryogen-free devices

APVT

Dr. Š. Beňačka

2002 - 2005

APVT

Dr. P. Kováč

2004 – 2006

Strongly correlated and disordered electronic
systems

APVT

Dr. M. Moško

2002 - 2005

Integrated MEMS senzors based on magnetoresistive
thin films
Gas-sensitive microsystem based on GaAs
micromechanical structures
Thin oxide films for advanced MOS structures
Monolithically integrated microsystem for gas
detection based on GaAs micromechanical structures
Preparation of high quality GaMnN thin layers for
spintronics
A new generation digital radiology system kit

APVT

Dr. P. Lobotka

2004 - 2006

APVT

Dr. T. Lalinský

2004 - 2007

APVT
APVT

Dr. K. Frőhlich
Dr. T. Lalinský

2005 - 2007
2005 - 2007

APVT

Dr. J. Novák

2005 - 2007

APVT

Dr. F. Dubecký

2005 - 2007

Superconductors for future technologies

APVV

Dr. Š. Haščík

2005 - 2007

Superconducting wires in the conditions of power
electric devices
Pinning in the new types of superconducting wires
Monolitically integrated circuits based on GaAs
(GaN) with passive superconducting filters for
millimeter wave band
The study of electric current distribution processes in
superconducting conductors at DC and AC
applications
The dynamics of current distribution in 2nd
generation superconductors for AC applications
Preparation of "active" tips for probe microscopy by
MOCVD
Monolithically integrated HEMT-SAW chemical
sensors based AlGaN piezoelectric material system
Electro-thermal converter monolithically integrated
with HEMT-SAW chemical sensors
Coherence, decoherence and disorder in metallic and
superconducting systems

APVV

Dr. F. Gömöry

2006 - 2008

APVV
APVV

Dr. F. Gömöry
Dr. Š. Chromik

2006 - 2008
2006 - 2008

APVV

Dr. P. Ušák

2006 - 2008

APVV

Dr. P. Ušák

2006 - 2008

APVV

Dr. V. Cambel

2006 - 2008

APVV

Dr. T. Lalinský

2006 - 2007

APVV

Dr. T. Lalinský

2006 - 2007

APVV

Dr. M. Moško

2006 - 2009

The effect of magnetic field on the properties of
superconductors with ac transport current
Non-traditional multiphase nanostructured materials
with extraordinary physical properties
Submicron Vector Hall Probe Microscope

115

Institute of Electrical Engineering
Projects


International projects
Project

Type

Agency

Responsible

Duration

Applied superconductivity training and
research advanced centre - ASTRA
European network for
superconductivity SCENET-2
Integration of very high-k dielectrics
with silicon CMOS technology INVEST
Superconducting coated conductor
cable – SUPER3C
Nano-and micro-scale engineering of
higher-performance MgB2 composite
superconductors for macro-scale
applications - HIPERMAG
Advanced Semiconductor Devices and
Microsystems–ASDAM ’04
InAlN/(In)GaN Heterostructure
Technology for Ultra-high Power
Microwave Transistor - ULTRAGAN
AC losses measurements on high
temperature superconductors
Nano-Engineering Superconductors for
Power Applications - NESPA
Conductance of disordered mesoscopic
conductor obtained from many-body
calculation of electronic structure CONDIMEC
Growth of barriers, electrodes and
functional oxide layers for integration
in microelectronics
X-ray and neutron optics

Network

EC, 5th Framework
Programme
EC, 5th Framework
Programme
EC, 5th Framework
Programme

Dr. F. Gömöry

2003 - 2005

Dr. F. Gömöry

2002 - 2006

Dr. K. Frőhlich

2001 - 2005

EC, 6th Framework
Programme
EC, 6th Framework
Programme

Dr. F. Gömöry

2004 - 2008

Dr. P. Kováč

2004 - 2008

EC, 6th Framework
Programme
EC, 6th Framework
Programme

Dr. J. Osvald

2004 - 2005

Dr. K. Frőhlich

2005 - 2008

EC, 6th Framework
Programme
EC, 6th Framework
Programme
EC, 6th Framework
Programme

Dr. F. Gömöry

2005 - 2008

Dr. F. Gömöry

2006 - 2010

Dr. M. Moško

2005

Network

COST

Dr. K. Frőhlich

2001 - 2006

Network

COST

Dr. D. Korytár

2002 - 2006

Network

European Science
Foundation
European Science
Foundation
NATO

Dr. Š. Beňačka

2004 - 2009

Dr. K. Frőhlich

2003 - 2007

Dr. F. Gömöry

2003 - 2005

Dr. M. Polák

2003 - 2005

Dr. M. Polák

2005 - 2006

Dr. Š. Beňačka

2002 - 2005

Arrays of quantum dots and Josephson
junctions (AQDJJ)
Thin films for novel oxide devices THIOX
Electromagnetic properties of
superconducting composites
Transverse resistivity of YBCO coated
conductors for AC use

Superconducting coils for AC currents
using YBCO coated conductors

Metal-oxide thin film heterostructures
on tilted-axes substrates

116

Network
RTD

STREP
STREP

RTD
STREP

CSA
Training
Network

Network

European Office of
Aerospace Research
Development
(EOARD)
European Office of
Aerospace Research
Development
(EOARD)
INTAS

IV. Invited presentations

Institute of Electrical Engineering
Invited Presentations


Invited presentations at international conferences
Fröhlich, K., Lupták, R., Ťapajna, M., Hušeková, K., Weber, U., Baumann, P.K., and
Lindner, J.: Fixed oxide charge in Ru-based chemical vapour deposited high-κ gate stacks. NATO
Advanced Research Workshop on Defects in Advanced High-K Dielectric Nano-Electronic Semicond.
Devices. St. Peterburg, Russia, 2005.
Gömöry, F., Šouc, J., Vojenčiak, M., Seiler, E., Klinčok, B., Ceballos, J., Pardo, E., Sanchez, A.,
Navau, C., Farinon, S., and Fabbricatore, P.: Predicting AC loss in practical superconductors. EUCAS
2005 – European Conference on Applied Superconductivity. Vienna, Austria, 2005.
Takács, S.: AC losses in HTS cable. 15th International Toki Conf. Fusion and Advanced Technol. Toki,
Japan, 2005.
Cambel, V., Martaus, J., Šoltýs, J., Kúdela, R., and Gregušová, D.: AFM nanooxidation process –
technology perspective for mesoscopic structures. International Conference on Nanopatterned and SelfAssembled systems, NANOSEA. Aix-en-Provence, France, 2006.
Dubecký, F.: Key aspects of material and technology in fabrication of GaAs and InP based radiation
detectors. Workshop on Crystal growth & Characterization of Advanced Materials. Chennai, Anna
University, India, 2006.
Fröhlich, K., Lupták, R., Dobročka, E., Hušeková, K., Čičo, K., Rosová, A., Lukosius, M., Abrutis,
A., Písečný, P., and Espinos, J.P.: Characterization of rare earth oxides based MOSFET gate stacks
prepared by metal-organic chemical vapour deposition. E-MRS Spring Meeting 2006 – Symp. L:
Characterization of high-K dielectric materials. Nice, France, 2006.
Kordoš, P.: GaN-based electronics for advanced information electronics. 3rd International Symposium
on Ubiquitous Knowledge Network Environment. Sapporo, Japan, 2006.
Lobotka, P.: Correlation between electrotransport and structure of a nanocomposite. ESF Exploratory
Workshop – Carbon-Based Nanostructured Composite Films. Gdansk, Poland, 2006.
Chromik, Š.: Hg-based cuprate superconducting cryoelectronic structures. 5th International Conference
on Solid State Surfaces and Interfaces. Smolenice, Slovakia, 2006.

118

V. Publications

Institute of Electrical Engineering
Publications


2005
Cambel, V., Fedor, J., Gregušová, D., Kováč, P., and Hušek, I.: Large-scale high-resolution scanning Hall probe
microscope used for MgB2 filament characterization, Supercond. Sci Technol. 18 (2005) 417-421.
Bartolomé, E., Granados, X., Cambel, V., Fedor, J., Kováč, P., and Hušek, I.: Critical current density analysis of ex
situ MgB2 wire by in-field and temperature Hall probe imaging, Supercond. Sci Technol. 18 (2005) 1135-1140.
Nishida, A., Taka, C., Chromik, Š., and Durny, R.: Critical properties of MgB2 thin films on NbN/Si substrate under
perpendicular magnetic fields, Physica C 426-431 (2005) 340 - 344.
Li, X., Xu, Y., Chromik, Š., Štrbik, V., Odier, P., De Barros, D., and Sobolewski, R.: Time-resolved carrier dynamics
in Hg-based high-temperature superconducting photodetectors, IEEE Trans. Applied Supercond. 15 (2005) 622-625.

Dubecký, F., Perďochová, A., Ščepko, P., Zaťko, B., Sekerka, V., Nečas, V., Sekáčová, M., Hudec, M., Boháček, P.,
and Huran, J.: Digital X-ray portable scanner based on monolithic semi-insulating GaAs detectors: General
description and first „quantum“ images, Nuclear Instr. and Methods in Phys. Res. A 546 (2005) 118-124.
Perďochová, A., Dubecký, F., Nečas, V., and Zaťko, B.: Guard-ring and charge collection efficiency of GaAs detector,
Advances in Electrical and Electronic Engn. 4 (2005) 75-78.

Eliáš, P., Martaus, J., Šoltýs, J., and Kostič, I.: Micromachining of mesa and pyramidal-shaped objects in (1 0 0) InP
substrates, J. Micromech. Microengn. 15 (2005) 1007-1014.

Karapetrov, G., Fedor, J., Iavaronne, M., Rosenmann, D., and Kwok, W.K.: Direct observation of geometrical phase
transitions in mesoscopic superconductors by scanning tunneling microscopy, Phys. Rev. Lett. 95 (2005) 167002.
Karapetrov, G., Fedor, J., Iavaronne, M., Marshall, M.T., and Divan, R.: Imaging of vortex states in mesoscopic
superconductors, Applied Phys. Lett. 87 (2005) 162515.
Kallel, N., Fröhlich, K., Pignard, S., Oumezzine, M., and Vincent, H.: Structure, magnetic and magnetoresistive
properties of La0.7Sr0.3Mn1-xSnxO3 samples (0 <= x <= 0.20), J. Alloys Compounds 399 (2005) 20-26.
Frolek, L. and Demenčík, E.: Measurement of AC profiles of magnetic field above HTSc tape using Hall probe
technique with help of DAQ cards and triggering, IEEE Trans. Applied Supercond. 15 (2005) 3660-3663.

Gendiar, A., Moško, M., Vagner, P., and Németh, R.: Tunneling of interacting fermions in 1D systems, Acta Phys.
Polonica 108 (2005) 661-667.
Gendiar, A. and Nishino, T.: Phase diagram of the 3D Axial-Next-Nearest-Neigbor Ising model, Phys. Rev. B 71
(2005) 024404-10.

Gendiar, A., Nishino, T., and Derian, R.: Estimation of the magnetic critical exponent by tensor product variational
approach, Acta Phys. Slovaca 55 (2005) 141-148.
Ueda, K., Otani, R., Nishio, Y., Gendiar, A., and Nishino, T.: Critical point of a symmetric vertex, J. Phys. Soc. Japan.
74 (2005) 1871-1872.

120

Institute of Electrical Engineering
Publications


Gömöry, F., Frolek, L., and Šouc, J.: Non-uniform current distribution as the cause of false voltage signals in the ac
loss measurement on a superconducting cable, Supercond. Sci Technol. 18 (2005) 780-790.
Bartolome, E., Gömöry, F., Granados, X., Puig, T., and Obradors, X.: Transport versus magnetization technique for
determination of critical current densities in superconducting tapes with macroscopic defects, Supercond. Sci Technol.
18 (2005) 388-394.
Gömöry, F., Frolek, L., Šouc, J., and Grilli, F.: Phase shifts of parallel currents in a single-layer model of
superconducting cables, IEEE Trans. Applied Supercond. 15 (2005) 1779-1782.
Farinon, S., Fabbricatore, P., Gömöry, F., Greco, M., and Seiler, E.: Modeling of current density distribution in critical
state by commercial FE codes, IEEE Trans. Applied Supercond. 15 (2005) 2867-2870.
Zola, D., Gömöry, F., Polichetti, M., Strýček, F., Šouc, J., Kováč, P., and Pace, S.: Analysis of coupling losses in
multifilamentary untwisted BSCCO/Ag tapes through a.c. susceptibility measurements, IEEE Trans. Applied
Supercond. 15 (2005) 2903-2906.
Gregušová, D., Bernát, J., Držík, M., Marso, M., Uherek, F., Novák, J., and Kordoš, P.: Influence of passivation
induced stress on the performance of AlGaN/GaN HEMTs, Phys. Status Solidi c 2 (2005) 2619-2622.
Bernát, J., Gregušová, D., Heidelberg, G., Fox, A., Marso, M., Lüth, H., and Kordoš, P.: SiO2/AlGaN/GaN MOSHFET
with 0.7 µm gate-length and fmax/fT of 40/24 GHz, Electronics Lett. 41 (2005) 667-668.

Holúbek, T., Kováč, P., and Melišek, T.: Current transfer length in MgB2/Fe mono/core wire and approximation of
the interface layer resistivity, Supercond. Sci Technol. 18 (2005) 1218-1221.
Dhallé, M., van Weeren, H., Wessel, S., Den Ouden, A., ten Kate, H.H.J., Hušek, I., Kováč, P., Schlachter, S., and
Goldacker, W.: Scaling the reversible strain response of MgB2 conductors, Supercond. Sci Technol. 18 (2005) S253S260.

Klinčok, B., Gömöry, F., and Pardo, E.: The voltage signal on a superconducting wire in AC transport, Supercond. Sci
Technol. 18 (2005) 694-700.
Kopera, L., Melišek, T., Kováč, P., and Pitel, J.: The design and performance of a Bi-2223/Ag magnet cooled by a
single-stage cryocooler, Supercond. Sci Technol. 18 (2005) 977-984.
Oemry, F., Diantoro, M., Sutjahja, I.M., Tjia, M.O., Kopera, L., Bonfait, G., and Kováč, P.: Variation of vortex
structure characteristics of Bi-2223/Ag superconducting tapes with respect to applied magnetic field direction, Physica
C 426-431 (2005) 396-401.
Kordoš, P., Heidelberg, G., Bernát, J., Fox, A., Marso, M., and Lüth, H.: High-power SiO2/AlGaN/GaN metalinsulator-semiconductor heterostructure field-effect transistors, Applied Phys. Lett. 87 (2005) 143501-143504.
Kordoš, P., Bernát, J., and Marso, M.: Impact of layer structure on performance of unpassivated AlGaN/GaN HEMT,
Microelectronics J. 36 (2005) 438-441.
Kordoš, P., Bernát, J., Marso, M., Lüth, H., Rampazzo, F., Tamiazzo, G., Pierobon, R., and Meneghesso, G.: Influnce
of gate-leakage current on drain current collapse of unpassivated GaN/AlGaN/GaN high electron mobility transistors,
Applied Phys. Lett. 86 (2005) 253511.
Kordoš, P., Bernát, J., Heidelberger, G., and Marso, M.: Performance of AlGaN/GaN heterostructure field-effect
transistors for high-frequency and high-power electronics, Advances in Electrical and Electronic Engn. 4 (2005) 67-70.

121

Institute of Electrical Engineering
Publications


Korytár, D., Baumbach, T., Ferrari, C., Helfen, L., Verdi, N., Mikulík, P., Kubena, A., and Vagovič, P.: Monolithic 2D
beam compressor for hard X-ray microbeams, J. Phys. D: Appl. Phys. 38 (2005) A208-A212.
Lübbert, D., Ferrari, C., Mikulík, P., Pernot, P., Helfen, L., Verdi, N., Korytár, D., and Baumbach, T.: Distribution and
Burgers vectors of dislocations in semiconductor wafers investigated by rocking-curve imaging, J. Applied
Crystallography 38 (2005) 91-96.
Kováč, P., Melišek, T., Dhallé, M., den Ouden, A., and Hušek, I.: Critical currents of MgB2 wires prepared in situ and
ex situ subjected to axial stress, Supercond. Sci Technol. 18 (2005) 1374-1379.
Kováč, P., Melišek, T., and Hušek, I.: Ic anisotropy of in situ made MgB2 tapes, Supercond. Sci Technol. 18 (2005)
L45-L48.
Kováč, P., Hušek, I., Melišek, T., and Štrbik, V.: Basic properties of rectangular MgB2/FeNiCo and MgB2/Fe wires
made in situ, Supercond. Sci Technol. 18 (2005) 856-860.
Kováč, P., Masti, M., Lehtonen, J., Kopera, L., Kawano, K., Abell, S., Metz, B., and Dhallé, M.: Comparison and
analysis of Hall probe scanning, magneto-optical imaging and magnetic knife measurements of Bi-2223/Ag tape,
Supercond. Sci Technol. 18 (2005) 805-812.
Kováč, P., Hušek, I., Melišek, T., Dhallé, M., Müller, M., and Den Ouden, A.: The effect of shape and deformation in
ex situ MgB2 –W/Fe composite wires, Supercond. Sci Technol. 18 (2005) 615-622.
Ahoranta, M., Bukva, P., Kováč, P., Mikonen, R., and Tarhasaari, T.: Estimation of the stress state of axially tensioned
Bi-2223/Ag tapes, Physica C 432 (2005) 239-249.
Pachla, W., Kováč, P., Hušek, I., Melišek, T., Müller, M., Štrbik, V., Mazur, A., and Presz, A.: The effect of
hydrostatic extrusion on the Jc (B) characteristic of ex situ MgB2 wires, Supercond. Sci Technol. 18 (2005) 552-556.
Haigh, S., Kováč, P., Prikhna, T.A., Savchuk, Ya.M., Kilburn, M.R., Salter, C., Hutchinson, J., and Grovenor, C.R.M..:
Chemical interactions in Ti doped MgB2 superconducting bulk samples and wires, Supercond. Sci Technol. 18 (2005)
1190-1196.
Kuzmik, J., Bychikhin, S., Neuburger, M., Dadgar, A., Krost, A., Kohn, E., and Pogany, D.: Transient thermal
characterization of AlGaN/GaN HEMTs grown on silicon, IEEE Trans. Electron Dev. 52 (2005) 1698-1705.
Reggiani, S., Gnani, E., Rudan, M., Baccarani, G., Bychikhin, S., Kuzmik, J., Pogany, D., Gornik, E., Denison, M.,
Jensen, N., Groos, G., and Stecher, M.: A new numerical and experimental analysis tool for ESD devices by means of
the transient interferometric technique, IEEE Electron Device Lett. 26 (2005) 916-918.

Lalinský, T., Držík, M., Chlpík, J., Krnáč, M., Haščík, Š., Mozolová, Ž., and Kostič, I.: Thermo-mechanical
characterization of micromachined GaAs-based thermal converter using contactless optical methods, Sensors Actuators
123-124 (2005) 99-105.
Lupták, R., Fröhlich, K., Rosová, A., Hušeková, K., Ťapajna, M., Machajdík, D., Jergel, M., Espinós, J.P., and
Mansilla, C.: Growth of gadolinum oxide films for advanced MOS structure, Microelectr. Engn. 80 (2005) 154-157.

Machajdík, D., Kobzev, A.P., and Fröhlich, K.: Complementarity of X-ray diffraction and RBS in thin film
characterization, Vacuum 78 (2005) 455-461.
Morvic, M. and Betko, J.: Planar Hall effect in Hall sensors made from InP/InGaAs heterostructure, Sensors Actuators
A 120 (2005) 130-133.

122

Institute of Electrical Engineering
Publications


Serényi, M., Betko, J., Nemcsics, Á., Khanh, N.Q., Basa, D.K., and Morvic, M.: Study on the RF sputtered
hydrogenated amorphous silicon–germanium thin films, Microelectr. Reliability 45 (2005) 1252.

Németh, R. and Moško, M.: Hartree-Fock simulation of persistent current in rings with single scatterer, Acta Physica
Polonica A 108 (2005) 795.
Novák, J., Hasenöhrl, S., Kúdela, R., and Kučera, M.: Growth and characterization of In1-xP layers with composition
close to crossover from direct to indirect band gap, J. Crystal Growth 275 (2005) e1281-e1286.

Oboňa, V. J., Chromik, Š., Machajdík, D., Kostič, I., and Kadlečíková, M.: Synthesis and electrical properties of thin
films of fullerites on the various substrates, Acta Physica Slovaca 55 (2005) 411-416.
Osvald, J.: Electrical properties of inhomogeneous Schottky diodes. In: New development in semiconductor research.
Ed. T.S.Miller. New York: Nova Sci Publ. 2005. ISBN 1-59454-575-8. P. 113-138.
Osvald, J.: Ohmic contacts to moderately doped semiconductors – are they really Ohmic low-barrier Schottky
contacts?, Semicond. Sci Technol. 20 (2005) 611-614.
Osvald, J., Kuzmik, J., Konstantinidis, G., Lobotka, P., and Georgakilas, A.: Temperature dependence of Ni/Au/nGaN Schottky diodes I-V chracteristics, Microelectronic Engn. 81 (2005) 181-187.

Chen, D.X., Pardo, E., and Sanchez, A.: Flux-flow critical-state susceptibility of superconductors, Applied Phys. Lett.
86 (2005) 242503.
Chen, D.X., Pardo, E., and Sanchez, A.: Transverse ac susceptibility of superconducting bars with elliptical crosssection and constant critical-current density, Supercond. Sci Technol. 18 (2005) 997-1002.
Ulbricht, A., Duchateau, J.L., Fietz, W.H., Ciazynski, D., Fillunger, H., Fink, S., Heller, R., Maix, R., Nicollet, S., Raff,
S., Ricci, M., Salpietro, E., Zahn, G., Zanino, R., Bagnasco, M., Besette, D., Bobrov, E., Bonicelli, T., Bruzzone, P.,
Darweschsad, M.S., Decool, P., Dolgetta, N., della Corte, A., Formisano, A., Grünhagen, A., Hertout, P., Herz, W.,
Huguet, M., Hurd, F., Ilyin, Yu., Komarek, P., Libeyre, P., Marchese, V., Marinucci, C., Martinez, A., Martone, R.,
Martovetsky, N., Michael, P., Mitchell, N., Nijhuis, A., Nöther, G., Nunoya, Y., Polak, M., Portone, A., Savoldi
Richard L., Spadoni, M., Süßer, M., Turtú, S., Vostner, A., Takahashi, Y., Wüchner, F., and Zani, L.: The ITER toroidal
field model coil project, Fusion Engn. Design 73 (2005) 189-327.
Zanino, R., Egorov, S., Kim, K., Martovetsky, N., Nunoya, Y., Okuno, K., Salpietro, E., Sborchia, C., Takahashi, Y.,
Weng, P., Bagnasco, M., Savoldi Richard, L., Polak, M., Formisano, A., Zapretilina, E., Shikov, A., Vedernikov, G.,
Ciazynski, D., Zani, L., Muzzi, L., Ricce, M., della Corte, A., Sugimoto, M., Hamada, K., Portone, A., Hurd, F.,
Mitchell, N., Nijhuis, A., and Iluin, Yu.: Preparation of the ITER poloidal field conductor insert (PFCI) test, IEEE
Trans. Applied Supercond. 15 (2005) 1346-1350.
Hurd, F.H., Sborchia, C., Salpietro, E., Duglue, D., Keefe, C., Bates, S., Pesenti, P., della Corte, A., Bruzzone, P.L., and
Polak, M.: Design and manufacture of a full size joint sample (FSJS) for the qualification of the poloidal field (PF)
insert coil, IEEE Trans. Applied Supercond. 15 (2005) 1379-1382.
Zanino, R., Bagnasco, M., Bellina, F., Bonicelli, T., della Corte, A., Di Zenobio, A., Fietz, W.H., Formisano, A., Heller,
R., Iluin, Yu., Marchese, V., Martone, R., Muzzi, L., Nijhuis, A., Polak, M., Ribani, P.L., Salpietro, E., Savoldi
Richard, L., Turtu, S., Verdini, L., and Zahn, G.R.: Current distribution measurement on the ITER-type NbTi bus bar
III, IEEE Trans. Applied Supercond. 15 (2005) 1407-1410.
Majoros, M., Glowacki, B.A., Campbell, A.M., Levin, G.A., Barnes, P.N., and Polák, M.: AC losses in striated YBCO
coated conductors, IEEE Trans. Applied Supercond. 15 (2005) 2819-2822.

123

Institute of Electrical Engineering
Publications


Sedláčková, K., Lobotka, P., Vávra, I., and Radnóczi, G.: Structural, electrical and magnetic properties of carbonnickel composite thin films, Carbon 43 (2005) 2192-2198.
Šouc, J., Gömöry, F., and Vojenčiak, M.: Calibration free method for measurement of the AC magnetization loss,
Supercond. Sci Technol. 18 (2005) 592-595.
Španková, M., Vávra, I., Chromik, Š., Harasek, S., Lupták, R., Šoltýs, J., and Hušeková, K.: Structural properties
of Y2O3 thin films grown on Si(100) and Si(111) substrates, Materials Sci Engn. B 116 (2005) 30-33.
Nurgaliev, T., Blagoev, B., Mozhaeva, J.E., Mozhaev P.B., Miteva, S., Mateev, E., Donchev, T., Štrbik, V., and
Benachka, S.: Electrical characteristics of HTS YBCO films in superconducting-ferromagnetic structures deposited on
LaAlO3 and NdGaO3 substrates, Nanosci Nanotechnol. 5 (2005) 91-93.
Štrichovanec, P., Novák, J., Vávra, I., Kúdela, R., Kučera, M., and Šoltýs, J.: QWIP structures prepared on wetetched non-planar GaAs, Phys. Status Solidi c 2 (2005) 1384-1388.

Takács, S.: The contribution of edge currents to coupling losses of flat superconducting cables, Supercond. Sci
Technol. 18 (2005) 187-192.
Takács, S. and Gömöry, F.: Hysteresis and coupling losses of superconducting cables at additional change of the
applied magnetic field, Supercond. Sci Technol. 18 (2005) 340-345.

Chovanec, F. and Ušák, P.: Temperature oscillations in thin metallic tapes with transport current at liquid nitrogen
temperature, Cryogenics 45 (2005) 129-133.

Zaťko, B., Dubecký, F., Ščepko, P., Melov, V., Herms, M., and Haupt, L.: Performance study of monolithic line
radiation detector based on semi-insulating GaAs using X-ray source, Nuclear Instr. and Methods in Phys. Res. A 551
(2005) 78-82.

124

Institute of Electrical Engineering
Publications


2006
Cambel, V., Šoltýs, J., Martaus, J., and Moško, M.: IV characteristics in structures prepared by tip induced
oxidation, J. de Physique IV 132 (2006) 171-175.
Chromik, Š., Huran, J., Štrbik, V., Španková, M., Vávra, I., Bohne, W., Rohrich, J., Strub, E., Kováč, P., and
Stanček, S. : Nanogranular MgB2 thin films on SiC buffered Si substrates prepared by an in situ method, Supercond. Sci
Technol. 19 (2006) 577-580.
Nishida, A., Taka, C., Chromik, Š., and Durny, R.: Investigation of critical behaviour of MgB2 thin films on SiC/Si
substrate, J. Phys.: Conf. Ser. 43 (2006) 293-296.
Nishida, A., Taka, C., Chromik, Š., and Durny, R.: Investigation of lower critical fields of MgB2 thin films on SiC/Si
substrate with parallel magnetic fields, Physica C 435 (2006) 74-77.

Demenčík, E., Dhalle, M., ten Kate, H.H.J. and Polák, M.: The current distribution in Bi-2223/Ag HTS conductors:
comparing Hall probe and magnetic knife, J. Phys.: Conf. Ser. 43 (2006) 83-86.
Demenčík, E., Ušák, P., Polák, M., Piel, H., and Dhalle, M.: Lateral critical current distribution and self-field profile
of Bi-2223/Ag conductors: measurements and calculations, Supercond. Sci Technol. 19 (2006) 848-853.
Dubecký, F., Hulicius, E., Frigeri, P., Šagátová-Perďochová, A., Zaťko, B., Hubík, P., Gombia, E., Boháček, P.,
Pangrác, J., Franchi, S., and Nečas, V.: Performance study of radiation detector based on semi-insulating GaAs with P+
homo- and heterojunction blocking electrode, Nuclear Instr. and Methods in Phys. Res. A 563 (2006) 159-162.
Šagátová-Perďochová, A., Dubecký, F., Nečas, V., E., and Linhart, V.: Etched trenches in technology of monolithic
strip detectors based on semi-insulating GaAs, Nuclear Instr. and Methods in Phys. Res. A 563 (2006) 74-77.
Šagátová-Perďochová, A., Linhart, V., Dubecký, F., Zaťko, B., Nečas, V., and Pospíšil, S.: Experimental analysis of
the electric field distribution in GaAs radiation detectors, Nuclear Instr. and Methods in Phys. Res. A 563 (2006) 187191.
Perd'ochová, A., Dubecký, F., Nečas, V., Haščík, Š., Sekáčová, M., and Huran, J.: Investigation of etched trenches in
technology of LEG semi-insulating GaAs monolithic linear detector array, Nuclear Physics B – Proc. Suppl. 150 (2006)
194-199.

Eliáš, P., Štrichovanec, P., Kostič, I., and Novák, J.: Conformal, planarizing and bridging AZ5214-E layers deposited
by a `draping` technique on non-planar III-V substrates, J. Micromech. Microengn. 16 (2006) 2608–2617.
Eliáš, P., Gregušová, D., Martaus, J., and Kostič, I.: Conformal AZ5214-E resist deposition on patterned (1 0 0) InP
substrates, J. Micromech. Microengn. 16 (2006) 191–197.
Eliáš, P., Haščík, Š., Martaus, J., Kostič, I., Šoltýs, J., and Hotový, I.: CCl4-based RIE pattern transfer into facets of
mesas formed by wet etching in InP(100), Electrochem. Solid-State Lett. 9 (2006) G27-G30.

Belkin, A., Fedor, J., Pankowski, P., Iavarone, M., Novosad, V., Karapetrov, G., Cambel, V., Gregušová, D., and
Kúdela, R.: Switching of magnetic domains in Permalloy microstructures using two-dimensional electron gas, Applied
Physics Lett. 89 (2003) 182513.
Karapetrov, G., Fedor, J., Iavarone, M., Rosenmann, D., and Kwok, W.K.: Direct observation of vortex lattice
transitions in mesoscopic superconducting single crystals using STM, Physica C 437-438 (2006) 127-131.

125

Institute of Electrical Engineering
Publications


Frolek, L. and Šouc, J.: Computation of the E(I) characteristics of a superconducting cable using parameters of cable
tapes, J. Phys.: Conf. Ser. 43 (2006) 881-884.
Fröhlich, K., Lupták, R., Hušeková, K., Čičo, K., Ťapajna, M., Weber, U., Baumann, P.K., Lindner, J., and Espinós,
J.P.: Properties of Ru/HfxSi1-xOy/Si metal oxide semiconductor gate stack structures grown by atomic vapor deposition,
J. Electrochem. Soc. 153 (2006) F176-F179.
Fröhlich, K., Lupták, R., Dobročka, E., Hušeková, K., Čičo, K., Rosová, A., Lukosius, M., Abrutis, A., Písečný, P.,
and Espinós, J.P.: Characterization of rare earth oxides based MOSFET gate stacks prepared by metal-organic
chemical vapour deposition, Materials Sci Semicond Process. 9 (2006) 1065-1072.
Balog, M., Šajgalík, P., Hofer, F., Warbichler, P., Fröhlich, K., Vávra, O., Janega, J., and Huang, J.-L.: Electrically
conductive SiC-(Nb, Ti)ss-(Nb,Ti)Css cermet, J. Europ. Ceramic Soc. 26 (2006) 1259-1266.
Fröhlich, K., Lupták, R., Ťapajna, M., Hušeková, K., Weber, U., Baumann, P.K., and Lindner, J.: Fixed oxide
charge in Ru-based chemical vapour deposited high-κ gate stacks. In: Defects in high-κ gate dielectric stacks. Ed. E.P.
Gusev. Springer 2006. P. 277-286.

Derian, R., Gendiar, A., and Nishino, T.: Modulation of local magnetization in two-dimensional axial-next-nearestneighbor model, J. Phys. Soc. Japan. 75 (2006) 114001.
Gendiar, A., Moško, M., Vagner, P., and Németh, R.: Tunneling of interacting one-dimensional electrons through a
single scatterer: Luttinger-liquid behavior in the Hartree-Fock model, Physica E 34 (2006) 596.
Gömöry, F.: Improvement of the self-field critical current of a high-Tc superconducting tape by the edge cover from
soft ferromagnetic material, Applied Phys. Lett. 89 (2006) 072506-1-3.
Gömöry, F., Takács, S., Werner, A., and Sochor, M.: Theoretical estimation of electromagnetic loss from the
movement of superconducting coil in the W7-X stellarator, IEEE Trans. Applied Supercond. 16 (2006) 123-126.
Gömöry, F. and.: Self-field critical current of a conductor with an elliptical cross-section, Supercond. Sci Technol. 19
(2006) 732-737 Klinčok, B.
Gömöry, F., Šouc, J., Vojenčiak, M., Seiler, E., Klinčok, B., Ceballos, J.M., Pardo, E., Sanchez, A., Navau, C.,
Farinon, S., and Fabbricatore, P.: Predicting AC loss in practical superconductors, Supercond. Sci Technol. 19 (2006)
S60-S66.
Klinčok, B. and Gömöry, F.: Influence of gaps in monolayer superconducting cable on AC losses, J. Phys.: Conf. Ser.
43 (2006) 897-900.
Rostila, L., Lehtonen, J., Masti, M., Lallouet, N., Saugrain, J.-M., Allais, A., Schippl, K., Schmidt, F., Balog, G., Marot,
G., Ravex, A., Usoskin, A., Gömöry, F., Klinčok, B., Šouc, J., and Freyhardt, H.C.: Design of a 30 m long 1 kV YBCO
cable, Supercond. Sci Technol. 19 (2006) 418-422.
Heidelberg, G., Bernát, J., Fox, A., Marso, M., Lüth, H., Gregušová, D., and Kordoš, P.: Comparative study on
unpassivated and passivated AlGaN/GaN HFETs and MOSHEFTs, Physica Status Solidi a 203 (2006) 1876-1881.
Gregušová, D., Eliáš, P., Öszi, Zs., Kúdela, R., Šoltýs, J., Fedor, J., Cambel, V., and Kostič, I.: Technology and
properties of a vector hall sensor, Microelectronics J. 37 (2006) 1543-1546.

Peternai, L., Kováč, J., Irmer, G., Hasenöhrl, S., Novák, J., and Srnánek, R.: Investigation of graded InxGa1-xP buffer
by Raman scattering method, Microelectr. J. 37 (2006) 487-490.

126

Institute of Electrical Engineering
Publications


Haščík, Š., Eliáš, P., Šoltýs, J., Martaus, J., and Hotový, I.: CCl4-based reactive ion etching of semi-insulating GaAs
and InP, Czechoslov. J. Phys. B 56 (2006) S1169-S1173.
Huran, J., Hotový, I., Petzold, J., Balalykin, N.I., and Kobzev, A.P.: Effect of deposition temperature on the properties
of amorphous silicon carbide thin films, Thin Solid Films 515 (2006) 651-653.
Hotový, I., Huran, J., Spiess, L., Romanus, H., Buc, D., and Kosiba, R.: NiO-based nanostructured thin films with Pt
surface modification for gas detection, Thin Solid Films 515 (2006) 658-661.
Huran, J., Zaťko, B., Hotový, I., Petzold, J., Kobzev, A.P., and Balalykin, N.I.: PECVD silicon carbide deposited at
different temperatures, Czechoslov. J. Phys. B 56 (2006) S1207-S1211.
Hotový, I., Donoval, D., Huran, J., Haščík, Š., Spiess, L., Gubisch, M., and Capone, S.: NiO nanostructured films with
Pt coating prepared by magnetron sputtering, Czechoslov. J. Phys. B 56 (2006) S1192-S1198.

Janšák, L., Polák, M., and Kvitkovič, J.: Current-voltage characteristics and AC transport current losses of Bi2223/Ag tapes with various tape width, J. Phys.: Conf. Ser. 43 (2006) 91-94.

Kopera, L., Kováč, P., and Melišek, T.: Compact design of cryogen-free HTS magnet for laboratory use, IEEE Trans.
Applied Supercond. 16 (2006) 1415-1418.
Kordoš, P.: Material and device issues of AlGaN/GaN high electron mobility transistors. In: Handbook of
Semiconductor Nanostures and Nanodevices. Vol. 3: Spintronics and Nanoelectronics. Eds. A.A.Balandin et al.
Valencia: American Sci Publ., 2006. P. 95-152.
Meneghesso, G., Rampazzo, F., Kordoš, P., Verzellesi, G., and Zanoni, E.: Current-collapse and hot-electronreliability characteristics of unpassivated GaN/AlGaN/GaN HEMTs, IEEE Trans. Electron Devices 53 (2006) 2932.
Marso, M., Fox, A., Heidelberg, G., Kordoš, P., and Lüth, H.: Comparison of AlGaN/GaN MSM varactor diodes based
on HFET and MOSHEFT layer structures, IEEE Electron Dev. Lett. 27 (2006) 945-947.
Kordoš, P., Kúdela, R., Gregušová, D., and Donoval, D.: The effect of passivation on the performance of AlGaN/GaN
heterostructure field-effect transistors, Semicond. Sci Technol. 21 (2006) 1592-1596.
Mikulics, M., Michael, E.A., Marso, M., Lepsa, M., van der Hart, A., Lüth, H., Dewald, A., Stanček, S., Mozolik, M.,
and Kordoš, P.: Traveling-wave photomixers fabricated on high energy nitrogen-ion-implanted GaAs, Applied Phys.
Lett. 89 (2006) 071103-1-3.
Mikulics, M., Michael, E.A., Schieder, R., Stutzki, J., Güsten, R., Marso, M., van der Hart, A., Bochem, H.P., Lüth, H.,
and Kordoš, P.: Travelling-wave photomixer with recessed interdigitated contacts on low-temperature-grown GaAs,
Applied Phys. Lett. 88 (2006) 041118.
Kordoš, P., Bernát, J., Gregušová, D., Marso, M., and Lüth, H.: Impact of surface treatment under the gate on the
current collapse of unpassivated AlGaN/GaN heterostructure field-effect transistors, Semicond. Sci Technol. 21 (2006)
67-71.
Kováč, P., Hušek, I., and Melišek, T.: MgB2 composite superconductors made by ex-situ and in-situ process,
Advances in Sci and Technol. 47 (2006) 131-136.
Kováč, P., Hušek, I., Melišek, T., Martinez, E., and Dhallé, M.: Properties of doped ex and in situ MgB2 multi-filament
superconductors, Supercond. Sci Technol. 19 (2006) 1076-1082.
Kováč, P., Hušek, I., Melišek, T., Haessler, W., and Herrmann, M.: Improvement of current density by texture and Ic
anisotropy in thin filament MgB2/Fe tapes, Supercond. Sci Technol. 19 (2006) 998-1002.

127

Institute of Electrical Engineering
Publications


Kováč, P.: Ic anisotropy of flat composite superconductors, IEEE Trans. Applied Supercond. 16 (2006) 1453-1456.
Kováč, P., Hušek, I., Melišek, T., Kulich, M., and Štrbík, V.: MgB2 composite wires with Fe, Nb, and Ta sheaths,
Supercond. Sci Technol. 19 (2006) 600-605.
Kováč, P., Hušek, I., and Melišek, T.: Aspect ratio and temperature effect on the Ic anisotropy in situ MgB2 tapes,
Supercond. Sci Technol. 19 (2006) 470-472.
Martínez, E., Lera, F., Martínez-López, M., Yang, Y., Schlachter, S.I., Lezza, P., and Kováč, P.: Quench development
and propagation in metal/MgB2 conductors, Supercond. Sci Technol. 19 (2006) 143-150.
Stenvall, A., Ahoranta, M., Korpela, A., Mikonen, R., and Kováč, P.: Critical current of MgB2 coil with ferromagnetic
matrix, Supercond. Sci Technol. 19 (2006) 32-38.
Grivel, J.-C., Pinholt, R., Andersen, N.H., Kováč, P., Hušek, I., and Homeyer, J.: In situ investigations of phase
transformations in Fe-sheathed MgB2 wires, Supercond. Sci Technol. 19 (2006) 96-101.
Pachla, W., Morawski, A., Kováč, P., Hušek, I., Mazur, A., Lada, T., Diduszko, R., Melišek, T., Štrbik, V., and
Kulczyk, M.: Properties of hydrostatically extruded in-situ MgB2/Fe wires doped with SiC, Supercond. Sci Technol. 19
(2006) 1-8.
Grivel, J.C., Andersen, N.H., Pinholt, R., Kováč, P., Hušek, I., Hässler, W., Herrmann, M., Perner, O., Rodig, C., and
Homeyer, J.: In-situ studies of Fe2B phase formation in MgB2 wires and tapes by means of high-energy x-ray
diffraction, J. Phys.: Conf. Ser. 43 (2006) 123-126.
Grivel, J.C., Eibl, O., Birajdar, B., Andersen, N.H., Abrahamsen, A., Pinholt, R., Grasso, G., Hässler, W., Herrmann,
M., Perner, O., Rodig, C., Pachla, W., Kováč, P., Hušek, I., Mikheenko, P., Abell, S., and Homeyer, J.: Combined Xray and electron microscopy study of MgB2 powders, wires and tapes, J. Phys.: Conf. Ser. 43 (2006) 107-110.
Kučera, M. and Novák, J.: Optical characterization of gallium antimonide highly doped with manganese, J. Phys.
Chem. Solids. 67 (2006) 1724-1730.
Kuzmík, J., Bychikhin, S., Pogany, D., Gaquiere, C., and Morvan, E.: Current conduction and saturation mechanism
in AlGaN/GaN ungated structures, J. Applied Phys. 99 (2006) 123720.
Kuzmík, J., Kostopoulos, T., Konstantinidis, G., Carlin, J.-F., Georgakilas, A., and Pogany, D.: InAlN/GaN HEMTs: A
first insight into technological optimization, IEEE Trans. Electron Dev. 53 (2006) 422-426.

Držík, M., Löschner, H., Haugeneder, E., Fallman, W., Hudek, P., Rangelow, I.W., Sarov, Y., Lalinský, T., and Chlpík,
J.: Mechanical characterization of membrane like microelectronic component, Microelectr. Engn. 83 (2006) 1036-1042.
Lobotka, P., Gaži, Š., Vávra, I., Sedláčková, K., Šatka, A., Kováč, J., and Haško, D.: Vortex behaviour in a
superconducting NbN-AlN multilayered nanocomposite, Supercond. Sci Technol. 19 (2006) 612-617.
Chayka, O., Kraus, L., Lobotka, P., Sechovsky, V., Kocourek, T., and Jelinek, M.: High field magnetoresistance in
Co–Al–O nanogranular films, J. Magnetics Magn. Mater. 300 (2006) 293-299.

Horváth, D., Gmitra, M., Majchrák, P., Baláž, P., and Vávra, I.: The evidence of the localized point defect from the
remagnetization of a magnetic dot array, J. Magnetism Magn. Mater. 304 (2006) e486-488.
Moško, M., Vagner, P., Gendiar, A., and Németh, R.: Coherent transport of interacting electrons through a single
scatterer, Physica B 378-380 (2006) 908.

128

Institute of Electrical Engineering
Publications


Mozola, P., Ušák, P., Ryzá, J., and Polák, M.: Thermal conductivity in a sample simulating the winding structure of
Bi-2223/Ag epoxy impregnated coils, J. Phys.: Conf. Ser. 43 (2006) 75-78.

Novák, J., Hasenöhrl, S., Vávra, I., and Kučera, M.: Spinodal-like decomposition of InGaP epitaxial layers grown on
GaP substrates, Applied Surface Sci 252 (2006) 4178-4184.
Novák, J., Štrichovanec, P., Vávra, I., Kúdela, R., and Kučera, M.: Study of the optical and structural properties of
multi quantum well structures grown on high-index surfaces, Microelectron. J. 37 (2006) 1515-1518.

Oboňa, V.J., Chromik, Š., Španková, M., Őszi, Zs., and Kostič, I.: C60 films as etching masks for creation of
micrometer and submicrometer YBa2Cu3O7 structures, Physica C 435 (2006) 37-40.
Osvald, J.: Intersecting behaviour of nanoscale Schottky diodes I-V curves, Solid State Comm. 138 (2006) 39-42.
Osvald, J.: Influence of lateral current spreading on the apparent barrier parameters of inhomogeneous Schottky
diodes, J. Applied Phys. 99 (2006) 033708.
Osvald, J.: Series resistance influence on intersecting behaviour of inhomogeneous Schottky diodes I-V curves, SolidState Electr. 50 (2006) 228-231.
Őszi, Zs., Beňačka, Š., Španková, M., and Chromik, Š.: Ramp-type YBa2Cu3Ox SNS Josephson junctions with
interlayer via ion damage, Physica C 435 (2006) 46-49.

Polák, M., Barnes, P.N., and Levin, G.A.: YBCO/Ag boundary resistivity in YBCO tapes with metallic substrates,
Supercond. Sci Technol. 19 (2006) 817-820.
Polák, M., Demenčík, E., Janšák, L., Mozola, P., Aized, D., Thieme, C.L.H., Levin, G.A., and Barnes, P.N.: Ac losses
in a YBa2Cu3O7-x coil, Applied Phys. Lett. 88 (2006) 23501-1-3.
Polák, M., Ušák, E., Janšák, L., Demenčík, E., Levin, G.A., Barnes, P.N., Wehler, D., and Moenter, B.: Coupling
losses and transverse resistivity of multifilament YBCO coated superconductors, J. Phys.: Conf. Ser. 43 (2006) 591-594.
Polák, M., Demenčík, E., Janšák, L., Ušák, E., Mozola, P., Thieme, C.L.H., Aized, D., Levin, G.A., and Barnes,
P.N.: Properties of a YBCO pancake coil operating with AC current at frequencies up to 1000 Hz, IEEE Trans. Applied
Supercond. 16 (2006) 1423-1426.
Polák, M., Ušák, P., and Demenčík, E.: The distribution of magnetization and transport currents in DyBCO tape,
Physica C 440 (2006) 40-44.
Polák, M., Kvitkovič, J., Valeriánová, M., Chromik, Š., Mozola, P., and Odier, P.: Contactless testing of mercury
based thin films, Physica C 435 (2006) 41-45.
Polák, M., Kvitkovič, J., Janšák, L., and Mozola, P.: The effect of epoxy impregnation on the behaviour of a Bi2223/Ag coil carrying DC or AC current, Supercond. Sci Technol. 19 (2006) 256-262.

Rossel, C., Rosová, A., Hušeková, K., Machajdík, D., and Fröhlich, K.: Phase stability of La0.5Sr0.5CoO3-y films upon
annealing in hydrogen atmosphere, J. Applied Phys. 100 (2006) 044501-1-6.

129

Institute of Electrical Engineering
Publications


Seiler, E. and Gömöry, F.: Modeling of the flux penetration into a superconducting strip with magnetic sheath, J.
Phys.: Conf. Ser. 43 (2006) 9-13.
Šouc, J., Vojenčiak, M., Gömöry, F., Granados, X., Usoskin, A., and Rutt, A.: AC loss of YBCO coated tape prepared
by laser ablation, J. Phys.: Conf. Ser. 43 (2006) 127-129.
Štrichovanec, P., Kúdela, R., Vávra, I., and Novák, J.: Characterization of QWIP structures prepared on GaAspatterned substrates, Microeletr. J. 37 (2006) 888-891.
Nguyen Xuan, H., Beauquis, S., Galez, Ph., Chadouet, P., Jimenez, C., Weiss, F., Decroux, M., Therasse, M., Štrbik,
V., Polák, M., and Chromik, Š.: Tl-based superconducting films by spray pyrolysis and MOCVD, J. Phys.: Conf. Ser.
43 (2006) 281-284.

Takács, S., Werner, A., and Sochor, M.: Loss contribution in superconducting magnets caused by transient magnetic
fields, Fusion Engn. and Design. 81 (2006) 2509-2513.
Takács, S. and Yanagi, N.: Change of the induced magnetic field and time constant along twisted superconducting
cables with finite length, Fusion Engn. and Design. 81 (2006) 2515-2519.
Takács, S., Šouc, J., and Gömöry, F.: Harmonic components of the voltage on the surface of superconducting slabs
and cylinders below and above the critical current. In: Studies of High Temperature Superconductors. Vol. 50. New
York: Nova Sci. Publ. 2006. P. 117.
Takács, S.: Coupling losses in flat cables and coated conductors, Supercond. Sci Technol. 19 (2006) 738-741.
Ťapajna, M., Hušeková, K., Espinos, J.P., Harmatha, L., and Fröhlich, K.: Precise determination of metal effective
work function and fixed oxide charge in MOS capacitors with high-κ dielectric, Materials Sci Semicond Process. 9
(2006) 969-974.
Ťapajna, M., Hušeková, K., Machajdík, D., Kobzev, A. P., Schram, T., Lupták, R., Harmatha, L., and Fröhlich, K.:
Electrical properties and thermal stability of MOCVD grown Ru gate electrodes for advanced CMOS technology,
Microelectr. Engn. 83 (2006) 2412.
Manke, C., Boissiere, O., Weber, U., Barbar, G., Baumann, P.K., Lindner, J., Ťapajna, M., and Fröhlich, K.: 2D and
3D growth of Ru/RuO2 metal layers with atomic vapour deposition, Microelectr. Engn. 83 (2006) 2277.
Ťapajna, M., Harmatha, L., and Hušeková, K.: Measurement of generation parameters on Ru/HfO2/Si MOS capacitor,
Solid-State Electr. 50 (2006) 177-180.
Harmatha, L., Ťapajna, M., Slugeň, V., Ballo, P., Písečný, P., Šik, J., and Kögel, G.: Czochralski-grown nitrogendoped silicon: Electrical properties of MOS structures; A positron annihilation study, Microelectr. J. 37 (2006) 283289.

Ušák, P., Sastry, P.V.P.S.S., and Schwartz, J.: Model inverse calculation of current distributions in the cross-section of
a superconducting cable, Physica C 434 (2006) 1-5.
Ušák, P.: Dependence of the recovery current of multifilamentary NbTi superconductors on matrix purity, Supercond.
Sci Technol. 19 (2006) 22-26.
Ušák, P.: The change in tape current distribution during gradual current ramping up over Ic and down to zero, J. Phys.:
Conf. Ser. 43 (2006) 55-58.

130

Institute of Electrical Engineering
Publications


Vagner, P., Moško, M., Németh, R., Wagner, L., and Mitas, L.: Hartree-Fock versus quantum Monte Carlo study of
persistent current in a one-dimentional ring with single scatterer, Physica E 32 (2006) 350-353.
Valeriánová, M., Chromik, Š., Štrbik, V., Plesch, G., and Matkovičová, Z.: Rhenium doped Tl-based superconductors
prepared on CeO2 buffered sapphire, Acta Physica Slovaca 56 (2006) 35-39.
Valeriánová, M., Odier, P., Pairis, S., and Štrbik, V.: Do mercury superconducting films grown by vapour phase or by
bulk mass transfer?, Physica C 435 (2006) 31-36.
Vávra, O., Gaži, Š., Golubovič, J., Vávra, I., Dérer, J., Verbeeck, J., van Tendeloo, G., and Moshchalkov, V.V.: 0 and
π phase Josephson coupling through an insulating barrier with magnetic impurities, Phys. Rev. B 74 (2006) 020502,
also Virtual J. Applications Supercond. (2006) July 15.
Vávra, O., Gaži, Š., Vávra, I., Golubovič, J., Dérer, J., and Moshchalkov, V.V.: Integration method for visualization
of the suppressed Josephson supercurrent, Physica C 435 (2006) 92-95.
Vojenčiak, M., Šouc, J., Ceballos, J.M., Gömöry, F., Klinčok, B., Pardo, E., and Grilli, F.: Study of ac loss in Bi2223/Ag tape under the simultaneous action of ac transport current and ac magnetic field shifted in phase, Supercond.
Sci Technol. 19 (2006) 397-404.
Vojenčiak, M., Šouc, J., Ceballos, J.M., Klinčok, B., Gömöry, F., Pardo, E., and Grilli, F.: Losses in Bi-2223/Ag tape
at simultaneous action of AC transport and AC magnetic field shifted in phase, J. Phys.: Conf. Ser. 43 (2006) 63-66.

Zaťko, B. and Dubecký, F.: Performance of a Schottky surface barrier radiation detector based on bulk undoped semiinsulating GaAs at reduced temperature, IEEE Trans. Nuclear Sci 53 (2006) 625-629.

131

Hager systems company participated in sponsorship of wiring renovation of Laboratory of AC
magnetic measurements – Department of Superconductor Physics and Department of
Electrodynamics of Superconductors.

Printed in Slovakia by K&S Reklamná produkcia, s.r.o., 2007

