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Foreword of the director

“A year of refocusing and restructuring” ... that’s how one could simply summarise the
efforts of the Research Institute for Technical Physics and Materials Science - MFA in
2004.

After 14 years of skilfully leading the institute Prof. Jozsef Gyulai relinquished the di-
rectorship in January 2004. By the end of March a new, younger management was in
place determined to streamline the widespread activities characterising the institute.

The leading idea was to develop and follow a strategy to allow a more flexible adapta-
tion of existing capabilities to rapidly changing scientific trends as well as the needs of
society regarding early application of research results in processes and products. The
past decades have taught us, however, that in an institute belonging to the research net-
work of the Hungarian Academy of Sciences this can only be realised by pursuing a
good blend of fundamental and applied research, in which the ratio of the two compo-
nents has to be adjusted to the given requirements and financing possibilities. Although
severe constraints in research financing in Hungary still do not allow a consequential
focus onto desirably narrow fields, in which an institute of 90 researchers could ideally
carry out world class in depth research, regrouping of our existing human and material
resources and redefinition of the tasks might be instrumental in improving the efficiency
even in the short term.

For this reason we adopted a new structure of four scientific departments representing
the four main directions of research into functional materials: Structure research, Pho-
tonics, Micro- and Nanotechnology. In fact, al of them deal with the exploration of
low-dimensional and self-organised structures, and the exploitation of the results mainly
in sensorics and the development of different non-destructive testing methods. An effec-
tive policy of rejuvenation of research staff and management while maintaining the high
guality remains aforemost task for the long run.

At this point it is my duty to acknowledge on behalf of the scientific staff the help and
support of our technical and administrative colleagues. Their share in the scientific
achievements of MFA cannot be praised enough in the period of aflood of new regula-
tions and a suffocating administrative load, not necessarily to be ascribed to EU acces-
sion aone. Thanks to collective efforts, by mobilising own resources in 2004 we were
able to finish the renovation of severa laboratories and establish a new laboratory sup-
porting the integration of molecular biology results into sensor systems using optical
readout.

This simple, transparent new structure of the institute enabled the targeted mobilisation
of the resources of larger entities; thereby fostering a better internal collaboration
among the research groups. The work of the Scientific Council of eight institute mem-
bers, and the newly established Board of the Institute, whose members are top externa
experts proved to be area help and support for the director. The management became
more operative at every level, with the main responsibilities lying with the research
group leaders. For this reason we have this time chosen to present the scientific results
following the organisation scheme of the institute. Hence in some cases the same pro-
ject appears in the report of different groups, collaborating in the joint effort.
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| have to stress our senior scientists’ active participation in graduate and postgraduate
education at most of the scientific and technical universities of the country. Currently 23
PhD students conduct their research at MFA. By conducting courses and organising
practicals aa MFA or even by operating joint laboratories with universities, this non-
subsidised, voluntary activity also serves as an investment for the future.

According to our intentions this booklet will be the first in a series annually presenting
the scientific results obtained at MFA. As it approaches the 50th anniversary, thisis a
resumption of the tradition of publication of Y earbooks by its predecessor, the Research
Institute of Technical Physics - MFKI. We sincerely hope that by sampling this bookl et,
the reader can get an overview about the current state of the main activities, and find all
the necessary references to establish contact with the relevant scientists for potential co-
operation. At the same time we also hope to provide an insight into the operation and
life of the MFA research community and reflect the pleasant working atmosphere we
cherish so much.

Budapest, 31 March 2005

Istvan Barsony



MTA MFA Y earbook 2004




MTA MFA

Y earbook 2004

Organisation

(oqezs "0) ( 5) (Biysiyeg o) (039d D)
— S Wa)sAs — mcﬂ:onmch.m_mﬂ.oﬂ_ uoljesL9)oEIRYD seJnjonJjsoueu
xa|dwosn : 2 'd J0JoNpUCD|WAS wil uiy
(oqezs °z) (oyes °d) (Augies W) (redszs 'g) (paguAusin ‘W)
Hoddns | | sapusodwos . sajuoloyd gaolAap solsAud
lediuyaal pue sojWela D lojponpuosjwag sluouyds|aoydo adeHNg
(15994 "IN "s) : .
uonelSIUIWpE | || (ugensoH3°2) cmﬂ:_om._a._._ {gsona "o) WMHM u
[eIoURUI 4 saanjoruisouey | — sy SWIN 1sAY
aANnINGSIpPUON Wiy uiyy
(oa1g°d ) (paud W (esana -9} (1zagupey "o}
wswpedsq 2 wpedsp wawpedap wawpedsg
ABojouyoajouep sojuoloyd ABojouyoajouadiy ‘sad [ednjond)s
L 1 _ [ ]
(1ABowos “A “si) | {2024 8)
[uojoaaip [eldURLI 4 d03a3uip Andag
1 |
|
(leindo - juewreyy) _ (Auosaeg ‘1) {preyAuepy W weuureyd)
pdeog Alos|ApY — 4030917 2UN0D 213URIDS
$90U2105 Jo AWwepeoy uelebuny i =
32UdI2G S|eldje) pue soIsAyd |edluysa] 1oj aynysu| yoiessasy FIW
Lo ]




MTA MFA Y earbook 2004

Financial Resources, Expenditures and Investment

Resources in 2004
Total: 1 143 190 kFt (4 573 k€)

Other funding
4%

Foreign R&D 4%

Diverse 4%
EU5, FP6 7%

Domestic R&D
7%

National R&D
Prog. (NKFP) 16%

Subsidy 54%

National Sci. Res.
Fund (OTKA) 4%

Expendituresin 2004
Total: 1 124 582 kFt (4.5 M€)

Reconstruction
1%

International
cooperation 3%

Investment 13%

Operation 15%

Personal costs
Research 59%

materials 9%

Sources of Investment in 2004
Total: 158 927 kFt (636 k€)

Subsidy 6%

Restoration
Fund 6% Own funding
88%
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Prizes and Honours

Arpad BARNA, D.Sc. — MFA Senior Prize 2004

Péter FURJES, Ph.D. — MFA Postdoc Prize 2004

Krisztian KERTESZ —MFA Junior Prize 2004

Gyorgy KOZMANN, D.Sc. — Professor of the year 2004 in Informatics, VISZ Prize

Ms. Vera SOMOGY| — Certificate of Merit by the Secretary Genera of the Hungarian
Academy of Sciences

Péter SZOLL Sl — Students Scientific Conference (TDK) 1st prize, Budapest Univer-
sity of Technology and Economics, Faculty of Electrical Engineering and Informatics,
for hiswork titled “ Electrical studies of annealed SNy layers containing excess silicon”

Jeromos VUK OV — Excellent Student of Faculty (E6tvos University)
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Patent Applications Submitted in 2004

P0401509 (2004.07.27.):
Corrosive chemical environment resistant diamond — diamond-like carbon
protective layer-system and its preparation (Korréziv kémiai kozegben ellenallé
gyémant-gyémantszer Qszén véd rétegrendszer ésel allitasa)
Owners:
o MTA MFA (50%)
0 MTA KKI (30%)
0 BUTE (20%)
Inventors:
o G.Pet (16.66%)
o H. Kovéchné Csorbai (16.66%)
o0 A. Karacs(16,66%)
0 G. Kovéch (10%)
o E.Kaman (10%)
0 P. Deék (10%)
o G. Molnéar (10%)
0 G. Héars (10%)

P0402479 (2004.12.02.):
Method for multichannel sensing measurement in integrated optical
waveguide systems (Eljéras tobbcsatornas érzékel mérések elvegzésére inte-
gralt-optikai hullamvezet szerkezetekben.)
Owner:
o MTA MFA (100%).
Inventors:
o A.Hamori (75%)
0 N. Nagy (25%)

P0402683 (2004.12.29.):
Modified flagellines, and flagellinic filaments applicable as receptors, and
methods for their preparation (Receptorként alkalmazhatd, modositott flagel-
linek és flagellaris filamentumok valamint eljarasok el allitasukra)
Owners:
0 University of Veszprém (70)
0 MTA Ingtitute of Enzymology (25%)
o MTA MFA (5%)
Inventors:
o F.Vonderviszt (70%)
P. Zavodszky (15%)
S. Kamondi (10%)
|. Barsony (5%)

(ol elNe]
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Patents Obtained in 2004

EU: PCT/SE99/00603

Superficial implant surface structure
Owner:

o0 MTA MFA (100%).
Inventors:
G. Pet (40%),
0 A.Karacs (30%)
0 Z.Paszty (10%)
o]
o]

o

T. Divinyi (13%)
F. Fuller (7%)

Technology Transfer in 2004

Proprietary know-how for environment preserving Mo dissolving from W filaments in
the lighting industry. Responsible: Dr. K. Vadasdi

The automatic equipment for dissolving of Mo mandrels
from 300-400 million filaments/year.
Installed in 2004 at the Sae Han Tungsten Co. Ltd., Namyangju-city, S. Korea.
Another installation has been operating in Sveden since 1992.
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Visitors

G. Amsel, SAFIR, Institut des NanoSciences de Paris, Universite de Paris 6, Paris,
France, CNRS-MTA research agreement

Ch. Angelov, Ingtitute of Nuclear Research, Bulgarian Academy of Sciences, Sofia,
Bulgaria, Characterisation of ion beam crystallised silicon samples, Academic exchange

D. Cooper, Dept. of Materials Science and Metallurgy, Univ. of Cambridge, UK, Co-
operation/Research Field: lon beam thinning, el ectron holography, Financed by Univ. of
Cambridge.

C. Dezelah, Helsinki University of Technology, research field: ALD processes, Fi-
nanced by TEKES/OM

R. E. Dunin-Bokowski, Dept. of Materials Science and Metalurgy, Univ. of Cam-
bridge, UK, Cooperation/Research Field: lon beam thinning, eectron holography, Fi-
nanced by Univ. of Cambridge.

Ch. Eisenmenger-Sittner, Institute fir Angewandte und Technische Physik der Tech-
nische Universitat, Wien, Austria, financed by Hungarian-Austrian TeT cooperation
project

C. Frigeri, CNR IMEM, Parma, Italy, Financed by MTA-CNR

H. Furedi-Milhofer, The Hebrew University of Jerusalem, Jerusalem, Isragl. Research
on surface improvement of metal implants Financed by EU FP5 project, NAS-SIMI,
G5RD-CT-2000-00423

J.-J. Ganem, SAFIR, Institut des NanoSciences de Paris, Universite de Paris 6, Paris,
France, CNRS-MTA research agreement

P.-1. Gouma, Department of Materials Science & Engineering, State University of New
Y ork, research field: sensing materials, financed by: NSF

B. Idzikowski, Institute of Molecular Physics, Polish Academy of Sciences, Develop-
ment and application of novel soft magnetic materials, Academic exchange

J. G. Lopez, Centro Nacional de Aceleradores, Sevilla, Spain, TET Spanish-Hungarian
bilateral cooperation

S. Lugomer, Materials Science Department “Ru er BoSkovi ” Institute, Bijeni ka c.
54, Zagreb, Croatia, Research on morphology of laser treated surfaces. Financed by the
home institute of the visitor.

I. P. Mayer, The Hebrew University of Jerusalem, Jerusalem, Isragl. Research on sur-
face improvement of metal implants Financed by EU FP5 project, NAS-SIMI, G5RD-
CT-2000-00423

F. Nemouchi, L2MP, Marseille, France

A. Nutsch, Universitét Erlangen-Nurnberg, Application of Makyoh topography for the
nanotopography studies of semiconductor surfaces, comparative studies on new type
dielectric layers using spectroscopic el lipsometry, X ray diffraction and ion beam analy-
sis, Financed by a DAAD-MOB mobility project

L. Papadimitriou. Department of Physics, University of Thessaloniki, 54124 Thessa-
loniki, Greece. Cooperation in carbon film research. Financed by Hungarian-Greek bi-
lateral cooperation.
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Y. Pauleau, National Polytechnic Institute of Grenoble, CNRS-LEMD, Grenoble,
France, financed by French-Hungarian Balaton Project

L. D. Pramatarova, Institute of Solid State Physics of the Bulgarian Academy of Sci-
ences, Sofia, Characterisation of hyrdoxiapatite layers for biomedical applications, Fi-
nanced by a bilateral academic collaboration scheme

Méria Ravasz, Babes-Bolyai University, pattern formation, financed by OTKA

L. Ry , Institute of Plasma Physics and Laser Microfusion, Warsaw, semiconductor
detectors for laser plasma diagnistics, Financed by a bilateral academic collaboration
scheme

Ch. Schmidt, Universitét Erlangen-Nurnberg, Application of Makyoh topography for
the nanotopography studies of semiconductor surfaces, comparative studies on new type
dielectric layers using spectroscopic ellipsometry, X ray diffraction and ion beam analy-
sis, Financed by a DAAD-MOB mobility project

M. Szilagyi, University of Arizona, game theory, sabbatical year

Ivan Tomas, Institute of Physics, Academy of Sciences of Czech Republic, Nonde-
structive materia characterisation, Academic exchange

I. Vickridge, SAFIR, Institut des NanoSciences de Paris, Universite de Paris 6, Paris,
France, CNRS-MTA research agreement

Gy. Vizkelethy, Sandia National Laboratories, Albuquerque, NM, USA, cooperation
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Structural Research Department
Head: G. Radndczi

The main efforts of the Structural Research Department are aimed at the exploration of
atomic processes, taking place in thin films, small particles and surfaces during growth,
thermal treatment, ion bombardment and solid state reactions in order to understand the
physical and chemica behaviour and properties, needed in different applications. For
this purpose we use methods like transmission (anaytical: EDS, also EELS from the
end of 2005 and high resolution) electron microscopy, RHEED, AES in combination
with depth profiling and EPES in our own laboratories and STM/STS, X-ray diffraction,
Scanning electron microscopy and FIB as well as XPS in co-operation with other |abo-
ratories of the institute. We grow thin films by thermal or e-beam evaporation and DC-
sputtering in both HV and UHV systems.

The work is organised in three laboratories, being complementary to each other by their
topics and equipment, and aso co-operating with each other to alarge extent.

Surface Physics Thin Film Physics Thin Film Nanostructures
Head: Head: Head:
Dr. Miklés Menyhard, D.Sc. Dr. Janos L. Lébér, D.Sc. habil. | Dr. Gabor Pet , D.Sc.
Saff: Research Staff: Saff:
Dr. Gyorgy Gergely D.Sc. Dr. Arpad Barna, D.Sc. Dr. Gy6rgy Molnér, Ph.D.
Dr. Sandor Gurban Dr. Péter B. Barna, D.Sc. Dr. Taméas Horanyi, Ph.D.
Dr. Attila Sulyok Ph.D. Dr. Zsolt Czigany, Ph.D. Albert Karacs
Dr. Péter Siile Ph.D. Dr. Laszl6 Dobos, Ph.D. Gyorgy Lehel
Mrs. Olga Geszti
PhD Sudents (Advisor): Dr. Eva Heged@, Ph.D. PhD Students (Advisor):
L. Kétis (Dr. M. Menyhard) Dr. BélaPécz, D.Sc. Gergely Kovach (Dr. Gabor Pet )

Dr. Gyérgy Radnoczi, D.Sc.
Dr. Gyérgy Safran, Ph.D.
Dr. Lgjos Téth, Ph.D.

Dr. Bernadett Veisz, Ph.D.
Andrés Kovécs

Istvén Kovécs

Technical Saff:
Mrs. Arpéad Barna
Sandor Csepreghy
Mrs. Ferenc Gléazer
Andrea Jakab

Mrs. Antal Kovécs
L aszl6 Puskas
Mrs. Andrés Téth

PhD Students (Advisor):

Gyorgy J Kovécs (Dr. Gyorgy
Radnéczi)

Fanni Misak (Dr. Péter BarnaB.)
Zsolt Makkai (Dr. Béla Pécz)
Gyorgy Z Radnoczi (Dr. Béla
Pécz)

Laos Székely (Dr. Péter B. Ba
rna)
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Surface Physics Laboratory (M. Menyhéard)

Determination of surface excitation parameter of Cu, Au, Ni, Ag, Ge and Pd
and selected polymers based on Si and other reference standard materials
(OTKA T 037709, Hungarian-Polish bilateral agreement)

G. Gergely, S. Gurban, M. Menyhérd, A. Sulyok, A. Jablonski, B. Lesiak

Elastic peak electron spectroscopy (EPES)
method is the most reliable experimental

02 Ag method for the determination of the inelastic

- Cu s mean free path (IMFP). One of its main
< 2 4 Ni .8 problem is that surface excitation occurs
5 Feom. when the electron enters and or leave the
S 0 2 solid and thus the surface excitation reduces
T ol 8 the intensity of the elastic peak. (The surface
0l excitation also affects the REELS spectra).

00 05 10 15 20 25 Correction for surface excitation is necessary
energy (kev) for determination of the IMFP. The experi-

mental determination of the total surface ex-
citation parameter was based on EPES spec-
tra by measuring the integrated elastic peak ratio of sample (Cu, Au, Ni, Ag, Ge, Pd)
and reference either Si or Ni [43]. As it is shown on the figure using these values for
correction of the elastic peak intensity the IMFP values derived agree well with those
derived by means of bulk optical data (shown on the figure as recommended).

In case of selected polymers the same procedure was followed [44, 108]. Here again the
quality of the IMFP values improved if the correction was applied. These data were also
used to choose between the available theoretically derived correction factors, Chen's
data set seemsto be the most reliable one.

H determination by means of recoil spectroscopy [108] (OTKA T 037709,
Hungarian-Polish bilateral agreement)

G. Gergely, S. Gurban, M. Menyhard, T.

Orosz, A. Sulyok, D. Varga, J. Toth, A
Jablonski, B. Lesiak Recoil simulation for POT7

15000 —

The “elastically” reflected electrons lose some
energy due to the heavy (but not infinitely large) €(0:38) 0(0.015) S(003]) §(0.004)
nucleus of the scattering atom. The energy loss .
depends on the mass of the nucleus besides several
other factors amounting some hundreds of meV for HOS7)
H. Applying a reasonable good electron x50
spectrometer this loss can be resolved. In the figure
we show the result of MC simulation considering e T k’“
the energy transfer between the bombarding eIl

electron and the scattering nucleus for a given
polymer. In this case due to the presence of H, in good agreement with the experiments
a‘“new eastic” peak appears shifted more than 3 eV from the elastic peak dueto Si.
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Simulated ion-sputtering: the study of ion-bombardment induced interfacial
mixing and surface roughening using atomistic ssimulations (OTKA F037710,
NKFP3- 3/0064)

P. Slle, M. Menyhérd, K. Nordlund (Helsinki)

Classical molecular dynamics simulations have been used to study ion-sputtering in-
duced atomic transport phenomena, such as radiation enhanced diffusion, collision cas-
cades, thermal spike as well as interfacial mixing [142,143]. Our calculations support
the importance of a ballistic mechanism during atomic mixing. In metal bilayers we find
that the atomic mass anisotropy governs interfacial mixing. Moreover, in mass anisot-
ropic systems (such as Ti/Pt or Al/Pt) the mixing process is asymmetric: first the heavy
atoms are gjected to the overlayer from the substrate; the light atoms are injected (in-
termixed) to the bulk with some time delay. This peculiar behaviour of these bilayers
has never reported before and is attributed to the backscattering of the light atoms from
the heavy side of the interface.

We also investigated the ion-induced surface roughening in Ti/Pt. It has been found that
atomic relocations normal to the surface are coupled with adatom diffusion on the sur-
face. In particular, we characterised a new surface damage mechanism what we call
mixing induced enhancement of surface roughening. The change of the atomic density
at the interface will determine the final surface morphology. In Ti/Pt we find that the
decrease of the atomic density of the mixed interface leads to the development of a
nanohole at the free surface [142], in Al/Pt the contrary is found (nanoisland, nanodot
formation) [143].

The ion-sputtering induced nanohole is shown in the figure (below) in Ti/Pt [142].

As mentioned above the surface damage is coupled with interfacial mixing in this mass
anisotropic system.

40

35 o
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Thin Film Physics Laboratory (J. Labar)

Development of cross-sectional sample preparation with focused ionised-gas-
beam sputtering (OTKA T035267)

A.Barna, B. Pécz, Z. Makkai, G. Z. Radnbczi

Within the framework of the project a new perforation detector system was devel oped
with ared, (650nm) focused, (f 10-15 nm) impulse modulated laser beam. The sampleis
_ illuminated with the
laser beam during
ion beam thinning.
The laser can be
adjusted from out-
side of the vacuum
chamber. The sensor
in  the vacuum
chamber detects the
light transmitted
through the sample.
For metal sample the
perforation detector system stops the thinning if the diameter of the perforation is larger
than 10 nm. Semiconductor samples are partly transparent for the red light. Therefore
one can follow the thickness changes of the sample during the last period of the thinning
process once the sample thickness has reached 10-20 nm. The Ga ion beam induced
(IBID) deposition of Pt strap
result in a thick amorphised
layer on the top surface of
singlecrystalline S (Fig.1)
The interface between the
crystalline Si and amorphised
layer is rough. One can in-
vestigate a similar effect )
bombing the Si with higher RN ; :
energy (3-10 kV) Ar ions. F|g 2, Interfaceroughnesscau%d by bormbardment
The interface roughness ap- with 3.5 keV Ar ions
pears on the atomic scale and S i
decreases with ion energy
(Fig. 2). Low energy Ar ion
bombardment  (100-300eV)
result in a near atomically
smooth interface (Fig. 3)

F|g 1. Interface roughness caU%d byGa ion beam mduced
deposition of Pt

‘3 skeV

' rrbard with 2506V Ar ions resultsin
near-atomically smooth interfaces
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The formation of oriented semiconductors on non-oriented substrates (OTKA
No. T035270)

G. Safran, O. Geszti, S. Csepreghy

CdSe is one of the I1-VI group semiconductors exhibiting photovoltaic effect and suit-
able band gap (1.74 eV) for photoel ectronic applications.

Cd-Se thin films were prepared by the chemical reaction of the successively deposited
constituents. Cd layers 30-60nm in thickness were deposited on (001) (011) and (111)
NaCl, treated with Cl, surfactant and on thin carbon foil. For improving the condensa-
tion of Cd, a 1.5nm thick Ag seed layer was applied. Cd and Se were evaporated subse-
quently at 100-200 °C. The Cd-Se chemica reaction took place during the Se deposi-
tion.

The (0001) hcp Cd layers formed with two azimuths on the (001) and (011) and one
azimuth on the (111) NaCl. On the amorphous carbon foil the Cd was random. The c-
axis of the CdSe was normal to the surface with the orientation CdSe[10.0] Cd[10.0].
The partly selenised layers exhibited very small grains of CdSe layers with Kirkendall
voids, suggesting remarkable diffusion of Cd.

Surprisingly, a recrystallisation of the CdSe occurred at a certain stage of the selenisa-
tion process. It caused grain coarsening and a reorientation of the layers. This may be
related to the transfer from a two-phase (Cd/CdSe) to a one-phase (CdSe) system and
that the new orientation of the grains is determined by the free surface energy of CdSe
instead of the interface energy of Cd/CdSe. A polymorphic phase transformation includ-
ing cubic structure is also not excluded. The results provide away for tailoring the crys-
tal orientation and grain size of CdSe thin layers.

OTKA T043437: Quantitative Electron Microscopy

J. L. L&bér, Mrs. A. Barna, G. Czigény, A. Kovécs, B. Pécz, L. Puskés, G. Rad-
néczi, B. Veisz

Electron diffraction based qualitative phase analysis is performed in the TEM with the
computer program called ProcessDiffraction. Based on information from local composi-
tion (obtained independently with EDS or EELS) the list of possible phases is searched
directly in the XRD database. Diffraction data of selected phases are overlayed over the
measured distribution of diffracted intensity as Markers. Identification is done visualy.
Results are published and the program is tested by about 60 students in an International
School. [Labar JL, , Phase identification by combining local composition from EDX
with information from diffraction database’, Electron Crystallography, NATO AS,
Erice, 2004].

Modelling of peaks and the background under them is built into the ProcessDiffraction
program. Three alternative peak-shapes (Gauss, Lorentz and Pseudo-Voigt) and four
alternative background shapes (polynomial, Spline and 2 different exponential) are of-
fered by the program at the moment. Parameters in the model functions are optimised
by the downhill SIMPLEX method.

Phase sequence in the formation of thin Al-Co films was studied. We showed that bifur-
cation in the phase selection is controlled by the structure of the components during heat
treatment of excess Co with AlgCo, (which isthe first phase to form when Al is reacted
with Co). Selection of the second phase is different for a continuous Co-layer than for
the Co being present in the form of nanoparticles. [42]
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Growth mechanism, synthesis and microscopy of wide band gap semiconduc-
tors (OTKA T047141)

B. Pécz, A. Barna, J. Labar, L. Té6th, L. Dobos, B. Veisz, Z. Makkai, G. Z. Rad-
noczi

The present research subject covers the growth mechanism of wide band gap semicon-
ductors, silicon carbide (SiC), diamond and Il1-nitrides (GaN, InN and AIN), their con-
tacts, solid phase reactions in them and the characterisation of the above structures by
transmission el ectron microscopy.

Our god is to synthesise new phases by ion implantation at high temperature in single
crystals. High temperature stable contacts to SIC and GaN are prepared. Reaction prod-
ucts after annealing will be identified and new, non-reactive, epitaxial, single crystalline
layers will be formed as contacts.

Lateral growth of GaN is studied and new methods are developed in order to decrease
the dislocation density.

Nitride layers (AIN, AlInN) are prepared by magnetron sputtering. [162, 48]

New Nanocomposite-based Wear-resistant and Self-Lubricating PVD-coatings
for Future Application in Tools and Components, EU-FP6 NANOCOMP EC-
GRD2-2000-30299

P. B. Barna, D. Biro (Petru Mior University, Sapientia University, Tg-Mures,
Romania), A. Kovacs, F. Migak, G. Radnoczi, M. Stiber, (Forschungszentrum
Karlsruhe, Institute of Materials Research, Germany), T. Szlits (research fellow),
B.Veisz

Fig. 1. FFT filtered HRTEM image (a) with smulated image of the transition between
W-C substrate and TiAINC film; b) the atomic view of the interface from the direction
of the normal of the interface; c) DF image of the substrate-film system taken by (1-
11)TiAICn and (1-100)W-C reflections

The structure evolution of carbon doped TiAIN and Al films has been investigated by
analytical and high resolution transmission electron microscopy. In case of TiAIN films
correlation has been identified between the carbon concentration, structure and me-
chanical properties (hardness, wear, friction) of the coatings. The incorporation and dis-
tribution of carbon as well as the structure and morphology of the grains are changing
with the carbon concentration. Carbon inclusions could be identified by HRTEM analy-
sisat higher (> 9 at%) carbon concentrations. The epitaxia growth of the TIAIN(C) film
and the epitaxial relationship between the TIAIN(C) and the WC(Co) crystals of the
substrate (Fig. 1) have been determined. In case of carbon doped Al films deposited at
room temperature a layered structure formed [14]. The structure is composed of sequen-
tially grown Al/Al4,Cs nanocomposite and metallic Al layers. The causes of this layered
structure growth can be the intensive mutual segregation of both the excess Al and C
species, each with long range diffusion and a strong decrease in the sticking probability
of C on the pure Al crystal surface.
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Nanocomposites for Piston/Liner Systems (EU-FP6 NMP3-CT-2003-505622)
B. Pécz, L. Téth, E. Heged@, |. Kovécs

Selflubricating Metal and Ceramic Matrix NanoComposites are materials consisting of
a self lubricating matrix with dispersed metal or hartstoff nanoparticles. For Pis-
ton/Liner systems these particles may be a refractory metal like tungsten and chromium
or a carbide or nitride of these metals, etc. The solid lubricant would be graphite, mo-
lybdenum disulfide, h-BN, etc. In this project two solutions are considered: Combining
in a sputter deposition process selection of an appropriate metallurgy with the use of
extremely short intense heat spikes to promote the appropriate segregation. In a com-
bined arc+ sputter process, we will use the strong particle emission from a graphite
source. It has been shown - at least for metals - that the particle size can be tailored by
the choice of appropriate magnetic steering and filtering. MFA is responsible for the
materials characterisation of the new coating layers. Mainly transmission electron mi-
croscopy is applied, but also X-ray analysis is used. The task requires an intensive ap-
plication of high resolution microscopy.

New Fullerene-like Materials (FULLMAT) EUS5, HPRN-CT-2002-00209
(2002-2006)
G. Radnéczi, G. Séfran, Z. Czigany, Mrs. O. Geszti, G. Kovacs, K. Sedlackova
(PhD student), R. Grasin (grad. Student)

C(Ni) nanocomposite thin films were
deposited by dc magnetron sputter-
ing a temperatures between 20 and
800 C. The films deposited below
400 C show a columnar structure of
hexagona NizC type crystalline
grains separated by an amorphous
carbon or graphite-like carbon
(GLC) matrix. Above 400 C the
structure is consisting of globular,
fcc Ni grains of size between 50 and
100 nm separated by GLC and
fullerene-like carbon phase.

The phase of the Ni crystallites can
be inferred from the magneto-
resistivity measurements. Ni in the
hcp NisC type structure gives zero =
magnetoresistivity, and fcc Ni in the ' Sﬁ i :
nanocomposite shows a small aniso-

tropic magnetoresistance (AMR) Cross-sectional TEM micrograph of C(Ni)

effect (0.1 ). nanocomposite thin film prepared at 200 C
Correlation was found between the |  showing a columnar character of crystalline
structure and electro- and magneto- | grains. The composition of the lower (20W of
transport properties of C(Ni) nano- | Ni source) corresponds to 30 at% Ni, the up-
composites. Samples (Ts = 20 and per layer (15W) to 20 at% Ni.

400 C) exhibit tunnelling effect and
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can be considered as insulator-metal nanocomposite with a 2-D network of insulating
disordered carbon tunnel junctions connecting metallic NisC type crystalline grains. The
high temperature samples show metallic conductivity [84, 128, 129, 159].

Construction of an ion gun for high sputtering speed (NKFP3/0064 -11)
J. Gyulai, M. Menyhard, A. Barna

Within the framework of the project was constructed:
a new high energy (20keV) Fr—
focused gasion gun — ion gun
two high voltage power ;
supply (20/13,6 kV / 5mA)
a new vacuum chamber
(2x20kV + 4x 500V eec-
trical feed throughs + sam-
ple manipulator).

The measured sputtering speed of

the gun was 20 mm/min. for copper

in the focus (f 10-15 nm) of the
ion beam.

The figure shows the ion gun in the

vacuum chamber

_ “vacuum
~..chamber

Nanostructural study of perpendicular magnetic recording media (Consign-
ment Agreement for Research)

Mrs. O. Geszti, Z. Czigany, B. Veisz, K. Barna, G. J. Kovécs, A. Jakab, G. Rad-
noéczi, P. Barna, K. Ouchi, N. Honda, J. Ariake (Institute of Advanced Technol-
ogy — AlT, Akita, Japan), T. Asahi, T. Osaka, J. Kawai (Waseda University, To-
kyo, Japan)

Perpendicular magnetic recording is the technology of the near future providing
~Thit/in® recording densities. The recording media are composed of thin layers with
nanostructures. Our interest was to study the formation mechanisms of thin nanostruc-
tures and their correlations to the magnetic properties.

Pd/Si dua thin film was developed for a seedlayer of Co/Pd multilayer in double-
layered perpendicular magnetic recording media. The Pd/Si seedlayer sputter-deposited
under Ar sputtering gas containing N, and post-annealed at 400 C reduced the inter-
granular exchange coupling of the Co/Pd multilayered film, resulting in a decrease in
both the slope parameter defined as 4P (dM/dH)y-yc and the magnetic cluster size. The
Pd/Si dual seedlayer was effective to reduce the medium noise and to improve the sig-
nal-to-noise ratio of the Co/Pd recording media on a CoZrNb soft magnetic underlayer.
The TEM investigation revealed that additive N, gas effectively decreased the grain size
of Pd in the seedlayer. Post-annealing of the seedlayer promoted the diffusion of Si into
the Pd upper-seedlayer. The Pd/Si seedlayer prepared with both processes exhibited a
granular structure of fine Pd-rich crystals surrounded by Si-rich amorphous regions, and
the seedlayer, which provided nucleation sites for the growth of well-separated Co/Pd
multilayered grains. This structure is promising to be suitable for high density perpen-
dicular magnetic recording. [11]
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Thin Film Nanostructures Laboratory (G. PetD)

Formation, properties and interactions of low dimension (0D, 2D) silicon metal
systems. (OTKA Grant, No. T 030427)

G. Pet , A. Karacs, C. S. Daroczi, G. Molnar

Gold nanoparticles on SiO,/Si(100) were created by Ar* ion implantation of a bulk like
AU/SIO,/SI(100) thin film of 10 nm thickness. During the size reduction the Au 5d va-
lence band redistributed given by photoemission spectra reduction in contrast to narrow-
ing of these states given by previous papers. Thisis afirst experimental evidence for the
correlation between size and electron structure for Au nanoparticles.

The size reduction is, therefore,
revedled in the activity enhance-
ment of Au nanoparticles in the
CO oxidation that can be unam-
biguously attributed to the
changes in the valence band den-
sity of states of gold nano-
particles [50].

FeOy deposition on the Au nano-
particles/SIO,/Si(100) dso pro-
duces a four times increase in
catalytic activity in the CO oxi-
dation showing the importance of
the formation of the Au/FeOy
interface.

umol CO,/cm?
O A N W A OO ~N 0 ©

1000

2000 3000 4000 5000 6000

sec

Catalytic activity of Au nanoparticlesin compari-

son to bulk gold

Deformation induced assembly in heteroepitaxial thin films. (OTKA Grant, No.

T 030419)
G. Molnar

Iron-silicides were

S00&C,

(b) 5nmFeand
600&C,

SEM images of Fe silicide islands
prepared by RDE and further

10 min heat treatment of samples
(@) 5nmFeand

(c) 10 nm Fe evaporation
h and 800&C annealing

grown on Si by reactive
deposition epitaxy
(RDE) method and by
conventional solid
phase reaction on
Si(001). Silicides were
investigated by electron
microscopy, atomic
force microscopy, x-ray
diffraction and by in-
frared reflectance
measurement. Self-
assembled, island like,
oriented -FeSi; and -
FeSi, were found to

grow on Si(100) sub-

strates under 15 nm initial Fe thickness. Generally two phases occurred together on
samples, and their appearance depended on the evaporated Fe thickness, on the tem-
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perature and duration of the annealing. The size of the islands was between 20 and 500
nm, and three main shapes of aggregates appeared: circular, triangular and quadratic

[97].

I nvestigation of the surface structure of SipsGeys (MaxLab Lund, Sweden:
Synchrotron Facility " Transnational Access Activity" program 2004)

G. Pet , C. S. Daréczi

The purpose of the present study was to inves-
tigate the segregation effects in bulk relaxed L L L L L LS LA ML L L
SiosGeps(100) alloy having 2x1 reconstructed
surface.

Relaxed SipsGeps5(100) alloy layer having 2x1
reconstructed surface was grown by MBE
with compositional grading technique at
800&C onto Si(100) substrate. The surface
composition was measured by photoemission
experiments using synchrotron radiation at

MAX | to investigate the strong oscillatory “ 4 % a7 8
variations of Si and Ge with the depth, which _ Kinetic enargy (V)
were found theoreticaly in the equilibrium | S 2P Spectrain normal emission,
composition profile near the surface. Our ex- where B indicates the bulk states
perimental data are against the theoretical and S S the surface states

model of oscillatory segregation given earlier.

Surface improvement of metal implants: New preparation methods and new
materials (EU FP5 project, NAS-SIMI, G5RD-CT-2000-00423)

G. Pet , A. Karacs, G. Molnér

Our work in the SIMI WP-2 project based on the use of advanced semiconductor tech-
nology methods during production of bioactive layers. The combination of pulsed laser
deposition with ion bombardment and ion implantation processes gives a further exten-

ey sion of the preparation possibilities. These

rotating are: the improved adhesion, specially synthe-

~ HA target sized bioactive overlayer including metal

celer s o, components, special layer morphology in
“ laser nanoscale range.

— induced
plasma

The preparation process for Mn-HA (Manga-
nese doped Hydroxyapatite) films we elabo-
laser beam rated, involved the possibility to prepare lay-
ers in water steam atmosphere by pulsed la
ion beal | ey deposition (PLD), whilst the surface tem-

SRR perature of the Ti substrate is kept under
e S0 300&C, eg. in order to avoid the intensive
substrato—.| — / | oxidation of t_he Ti surface and the_ conse-
The principal arrangement of theion quent weaken ng of the layer gdhea on. For
beam assisted PLD process the_ |mplementa_1t|on of the project, new ex-
perimental devices were built. The samples
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prepared were analysed and evaluated by x-ray diffraction (XRD), x-ray photoelectron
spectroscopy (XPS), Fourier transform infrared (FTIR) spectroscopy, microscopy
methods and by direct pull adhesion measurements.

Nanostructured coatings devel oped by surface modification techniques (NKFP
OM 00287/2002)

G. Pet , A. Karacs, G. Kovéch

The protection of the sensors used in measuring tools can be done by applying a corro-
sion protective layer on top. CVD diamond is often used as protective layer but pinholes
are present even in very good quality films. Applications require pinhole-free layers
against chemically aggressive environment. We combined the Pulsed Laser Deposition
(PLD) technique with MicroWave assisted Chemical Vapour Deposition (MW-CVD).
CVD diamond films were prepared in different conditions and layer thickness. Then,
these films were covered by PLD diamond like carbon (DLC) film to reduce the number
of pinholes. We used special chemical etching to detect the remaining pinholes. As a
result, we obtained a practically pinhole-free bilayer sample with 200 nm total thick-
ness. In comparison, 2.5 mm thick CVD diamond layer have similar pinhole-free proper-
ties.

SEM ia de'rtaken gfter hem| etchi g

SEM image taken after chemical etching,
for pinhole detection, of a polycrystalline
CVD diamond film

for pinhole detection, of a bilayer, consist-
ing of a polycrystalline CVD diamond film
and PLD-DLC film
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Microtechnology Department

Head: C. Dlics

Research and development of physical, chemical/biochemical sensors and integrated

systems:

of Si MOS embedding circuits.
Development and applications of near IR light emitting diodes and detectors.
Solar cells and their competitive technology.
Acoustic wave devices and their application.

Fundamental research on:
sensing principles

novel materials and nanostructures
novel 3D fabrication techniques
ion-solid interaction for supporting MEM S devel opment.

Device and material characterisation

MEMS

Head:
Dr. C. Ducs , Ph.D.

Saff:

Gydrgy Altmann, technician
Méria Adam, M.Sc., res. fellow
Prof. Dr. Istvan Bérsony, D.Sc.
Dr. Ferenc Beleznay, D.Sc.
Abel Debreczeny, B.Sc.
MagdolnaEr s, technician
Csilla Faragd, technician

Janos Ferencz, M.Sc., engineer
Dr. Péter Firjes, Ph.D.

Algjos Gondos, technician

1Dr. B8laKeszei, dr. univ., res.
fellow

Akos Majoros, M.Sc., engineer
AttilaNagy, technician

Margit Pgjer, technician

Dr. Imre Szab6, dr. univ., engi-
neer

EvaVazsonyi, M.Sc., res. fellow
Janos Volk Ph.D. applicant, res.
Fellow

Visiting Research Scientist:

L. Fedak (University of
Uzhgorod, Guest of the House of
Professors and MFA)

Optoelectronic Devices

Head:
Dr. B. Szentpdli, Ph.D.

Saff:

Dr. OlgaKrafcsk Homokiné
Ph.D. mothercraft

Dr. Zoltan Labadi, Ph.D.

Dr. Akos Nemcsics Ph.D. habil.
part time 30%

Dr. Istvén Pintér Ph.D.

Dr. Balint P dér Ph.D.., part time
30%

Dr. Sandor Plspoki engineer, dr.
univ.

Dr. Vilmos Rakovics Ph.D.
Istvan Réti engineer

Varga Ferencné technician

Ms. Katalin V6ros Veresné engi-
neer

PhD Students (Advisor):

Edvard Bdlint Kuthi (Istvan Pin-
tér)

Agoston NémethH (Zoltan

L abadi)

Engineering trainee:
L&sz16 Klagyivik

MEMS and MEMS related technology, with special emphasis on development

Semiconductor

Characterisation
Head:
Dr. G. Battistig, Ph.D.

Saff:

Edvard Badaljan

Dr. Lészl6 D6zsa Ph.D.

Dr. Zoltan Hajnal Ph.D.

Dr. Zsolt J. Horvéth Ph.D.
Tibor Mohécsy

Dr. Nguyen Q. Khéanh Ph.D.
Zsuzsa Puspoki

Andras Ster

Jozsef Waizinger

Visiting Research Scientist:
Yolanda Morilla,

(Centro Nacional de Acelera-
dores, Sevilla, Spain. TET Span-
ish-Hungarian bilateral coopera-
tion)

Ph.D. Students (Advisor):

Péter Basa (Dr. Zsolt J. Horvath)
Anita Pongracz (Dr. Gébor Bat-
tistig)
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MEMS Laboratory (C. DiicsD)

Sensor Array for Fast Explosion-Proof Gas Monitoring " SAFEGAS' (EU-
FP5 2000-2003, accepted in 2004)

M. Adam, |. Barsony, C. Diics , P. Fiirjes, E. Véazsonyi

A Si based four element integrated calorimetric N

sensor was developed and constructed for olfac- . "
tory detection of hydrocarbon mixtures up to their a
Lower Explosion Limit (LEL) concentration. The 6°° D
integrated sensor array chip consists of three pel- | ™ Dz

listors and one heat conductivity sensor. In order §‘°° o

to construct a four-wire, inherently explosion- 0 :

proof transmitter, the power consumption of each ANEP

sensor was reduced below 50mW and a sequential 100 % ‘
read-out scheme was adopted. o HLLLLELLLLLL LT LU
The role of MFA was the development of the sen- P (mW)

sor array chip. We have elaborated a novel tech- Fig.1: Power dissipation of the
nology based on porous Si micromachining for 100x100/m* microhotplate de-
the formation of low power consumption micro- veloped at MFA

hotplates (Fig.1), which are the basic elements in
both sensors. We applied dip & drop technique was for coating the hotplate® surface

”

Fig.2: SEM view of a pellistor. Cata- Fig.3: The sensor array chip consists of 3
lyst coated hotplate (l€eft), the passive | pellistors and one heat conductivity sensor.
reference pair coated by pure Al,O3 Its reference element is encapsulated by a

(right) S cap (left)

with Pt-catalysts and reference materias in the pellistors (Fig.2). The reference heater
of the heat conductivity sensor was encapsulated by Si cap (Fig.3). Due to the reduced
power dissipation of the sensor elements the driver and read-out electronics of the
transmitter became inherently explosion-proof. Consequently, only the sensor chip must
be explosion protected because of the high surface temperature of the calorimetric sen-
Sors.

Olfactory detection is based on the method proposed by ALPHAMOS Co., France uses
principal component analysis (PCA) and partial least square (PLS) fitting. The system
developed by WESZTA-T Ltd., Hungary is capable to distinguish and measure meth-
ane, propane, butane and hexane mixtures.
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Sensing Computers and Telepresence " TeleSen

&' (NKFP 032/2001)

M. Adam, |. Barsony, C. Diics , P. Fiirjes, E. Véazsonyi

J)J

100 um

Fig.1: Scanning electron micrograph of

the sensor structure. Characteristic di-

mensions; bridge 80x32x10 um?®, plate

100x100x10 pum®, hole 50 pm diameter,
cavity depth cc. 35 pum.

One of the mgor goals of this project
was the development of an integrable
micro-force sensor capable of resolving
the three vector components of the load-
ing force. An array of this element will
be used for tactile sensing.

We have successfully adopted the porous
Si micromachining technique for the
fabrication of single crystalline force
sensor elements. Four piezoresistors
were formed in an n-type perforated
membrane, having their reference pairs
on the substrate in order to detect the
mechanica stress by four half-bridges.
We successfully combined the HF based
porous Si process with conventional dop-
ing and Al metallisation, thereby offering
the possibility of integration with read-
out and amplifying electronics. The

300x300 nm?* membrane (Fig.1) size allows the formation of large area arrays for tactile
sensing using single crystalline deforming elements of superior mechanical properties.

Although the bare

structure  meets 60-

the requirements ]

set for force de- | < 59] Yy=ax N
ion (R2). & | 2| 4210308 i
protective, flexi- | "" 401 2 3=30.15 0.401

ble coating on top D | a_4=2653 0401 .
isessentid forany | @@ 50

rell  application. | §

Therefore, we | @ o0l

have started sys- | & . ;
tematic investiga % 10. : 3
tion of the effects | > v 4
of various cover- 0'

GG?IZIH Salens'“Vl'ty 00 02 04 06 08 10 12 14 16 18 20
fi‘gn. eral resoid Applied Force (mN)

Fig.2: Linear responses of the four piezoresistive bridges of one

sensing element for normal load. The difference in the slopesis

the result of the non central positioning of the loading tip on the
small area membrane. The sensitivity is 4-6 mvV/mN/V
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Ceramic Substratesfor SAW Devices, " CERSAW" (NATO StP)
F. Beleznay, J. Ferencz

The main objective of the project was to realise piezoceramic substrates as an alterna-
tive to single-crystals for SAW applications. The aim is to get cheaper, at-request and
reliable substrates suitable for large-scale production.

Our task was to develop device technology and suitable filter structures to qualify pie-
zoelectric substrates for SAW applications. We have adopted our SAW filters process-
ing technology for the present materia technology, developed at Kdporc and TKI, Bu-
dapest, and made mode! filters on larger (40 mm diameter) wafers. Having fixed basic
SAW parameters on these elements, we have designed special filter structures to sepa-
rate and investigate degrading second order effects, such as diffraction, large dielectric
permeability, spurious bulk waves, internal reflections between transducer and the elec-
tromagnetic leakage in the substrate. Since electromagnetic |eakage dominating we have
designed a “symmetric double-output” filter structure, where the outputs are shifted by
half wavelength from each other, and in this way difference of the two output signals
sums up the acoustic signals but subtracts the el ectromagnetic ones. Figures 1.a-c show
characteristics of these filters made on standard LiNbO3; substrates and on the investi-
gated ceramic substrates, respectively.

a) b) c)

5 : ; 12005, 1, 14, 11, 21|, 36.85, 32,467, 34294
112005, 1, 14, 10, 16, 26,05, 36,00, 3302 36 5 . .
] | ! L

A
E A

Fig.1la-c: Transfer characteristics of an “ apodized symmetric double-output” filter
on 128° cut LiNbOs, XY cut LiNbOs, and a ceramic filter. Two traditional outputs
(black), the measured anal og difference of these outputs (red) and the theoretical

(green) characteristics are shown.

Each of the characteristics shows diffraction effects, which are due to the finite length
of the individual electrode pairs, and are partly suppressed on the anisotropic crystalline
LiNbOs surfaces. In isotropic ceramic materials diffraction can not be suppressed, hence
characteristics are much less structured; this is seen in the band stop region next to the
band pass one. Another characteristic is the spurious bulk wave. In general, bulk wave
is also generated and detected by the interdigital transducers; this generation in crystal-
line material depends on the orientation of the surface and on the propagation direction.
The 128° cut LiNbOs is best known where bulk wave gene-ration is minimal (a), on the
other hand XY cut LiNbO;3 has spurious bulk wave, velocity of this is about 15% faster
than the surface wave, as is seen on the higher frequency side of the pass-band. Ceramic
filter has a much higher spurious at the high energy side.

Ceramic materials have inherent drawbacks such as unavoidable diffraction, bulk
waves generation and significant dielectric constant. These all together makes most
probable that they may have applications only in new fields, such as resonator struc-
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tures, and/or composite layered structures. Application of thin layers and confined
(waveguide mode) surface wave may solve most of the problems we have detected.

Porous Si Multilayers for Optical Devices
|. Barsony, J. Volk

Controlled formation of porous Si multilayers
was elaborated in order to form optica ee
ments, e.g. Bragg-reflectors, Fabry-Perot filters
(Fig.1). The refractive index of the porous Si
layer can be tuned by the porosity (the volume
ratio of void and Si in the layer) i.e. by varying
current density during the electrochemical etch-
ing process. The main advantage of the high/low
optical density multilayered structure lies in its
transferability for liquids and gases, therefore
their application for sensing chemical or biochemica materialsisfeasible.

Ellipsometric and reflectometric investigations of the multilayer structures show, that
simple periodic variation of current density doesn®result in reproducible porosity in the
corresponding layers. In order to investigate this effect we have constructed a dedicated
system for measuring the reflectance spectra (I =400-1100nm) of the multilayer during
the formation process. The 1s sampling rate enables us to monitor the dynamic change
of the optical properties in the forming multilayers. In adetailed analysis and compari-
son with optical model calculations we concluded that parallel with the electrochemical
process at the porous-Si/Si front a continuous photochemical dissolution of the previ-
ously formed porous Si layers results in their lower optical density. This phenomenon
effects on the optical parameters of the structure, e.g. results in a blue-shift of the reso-
nant peak in a Fabry-Perot filter (Fig.2). The in-situ reflectance spectrum analysis may
provide appropriate data for on-line controlling of porous Si multilayer formation.

element porous S multilaver

900

F 0.6

F 0.5

F 0.4

Wavelength [nm]

F 0.3

600

¥

5000 2 4 6 8 10120 2 4 6 8 10 12
Number of HL pairs Number of HL pairs

Fig.2: Blue-shift of the resonant peak in a Fabry-Perot filter by increasing the num-
ber of the high/low optical density pairs (denoted by H and L), i.e. the etching time.
The resonant peak is present after the formation of the LL resonator (8" HL pairs).
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Laboratory of Optoelectronic Devices (B. Szentpali)

Solar Cell Innovation Centre (NKFP 3/025/2001 )

Z. Labadi, A. Németh, S. Piispoki; V. Rakovics, |. Réti, A. T6th, Ms. Varga
Ferencné, Ms. K. Voros Veresné

Aim and achievements:

The overall aim of the project is to develop athin film preparation system for R&D on
solar cells with CulnGaSe active layer. MTA MFA conducts applied research in this
project as a participant in a consortium.

In the frame of this overal scheme a magnetron sputtering module was installed by the
KRAFT Rt and tested by the researchers of the institute.

The main technical features of the equipment include 30x30cm substrate size, DC and
pulse mode electric supply, three target places for rectangular shaped targets and a sof-
tware control facility.

Deposition of contact layers for CIGS solar cells

The purpose of this work is to develop an optimal technology for the deposition of
transparent front contact layer for a CIGS solar cell. The structure consists of an un-
doped ZnO buffer layer and an Al doped conductive ZnO (ZAO) layer. The magnetron
sputtering of the ZAO layer takes place from a Zn:Al (2%m/m) metallic target in Ar:O;
atmosphere. Mechanica movement, gas pressure and composition, DC electric supply
and additional pulse parameters are fully computer controlled.

The figure shows the con-
struction of the solar cell.

Use of ceramic ZnO targets
determines the parameters
of the deposited film leav-
ing little room for parame-
ter optimalisation. Further-
more these targets are rela glass substrate

tively expensive and the Construction scheme of a CIGS solar cell
deposition rate is largely

Laser cuts for cell formation

conductive

semiconductor

conductive

limited by the alowed thermal dissipation of the target. Our reactive sputtering method
offers an aternative against deposition from ceramic targets and a possibility of scale-
up the technology. A further advantage is that the transparency and conductivity of the
layer can be controlled in wide range of parameters by technological means.

The layers are qualified by spectral transparency, sheet resistance, SEM microscopy and
XPS spectroscopy. Our experiments show that the pulse parameters, sputter power den-
sity and the gas composition are the critical parameters for finding the optimum be-
tween conductivity and transparency.

ZnO depositions for possible sensor applicationslt was aso shown that by appropriate
setting of the sputtering parameters a non-stochiometric porous ZnO layer can be
deposited (referred as por-ZnO below).

Layers were deposited in the 2-20 micron thickness range. All of those layers were non-
transparent by visual inspection. They were subsequently characterised by SEM
microscopy, Electron Dispersive Spectrum (EDS), ellipsometry, and four point probe
Sheet resitance.
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SEM morphology of a typical por-ZnO layer exhibits 50 nm average crystallite size
with uniform porosity. Semi-quantitative EDS examination shows substantial lack of
oxygen compared to the stoichiometric material. Specific resistance of the material isin
the 1E-2 Ohmcm range.

Due to the non-stoichiometric composition, nanoscale crystallite size and porous
character of the layer this material seems to be a promising candidate for gas sensor
applications.

CdS/InP model system for understanding CdS/CIGS interface

In thin film polycrystaline Cu(In,Ga)Se2/CdS/ZnO solar cells, the active CIGS/CdS
interface plays a main role to further improvements of their performance. This interface
is complex and its formation is under active investigation. We have undertaken a spe-
cific study of the interface indium chemical modifications during CdS growth using
single crystalline InP wafers and CdS obtained by chemical bath deposition (CBD), asa
reference system for the case of the CIGS/CdS interface. We have investigated the be-
haviour of the thin layer formed on the InP surface during the first minutes of the
growth of the CdS layer on (100) oriented p-InP wafer. The composition of the interface
is analyzed before by means of XRD. XRD rocking curve contains strong sharp peaks
of b-1n,S;. CdS/InP interface also contains small amount of Cd(OH)2 or CdSO3. These
results are relevant to several aspects of to the CIGS/CdS interfaces as shown by paral-
lel experiments.

b-In,S; can replace CdS buffer layer, improving the environmental safety of the CIGS
solar cell technology. We could prepare high quality b-In,S; layers by successive
evaporation of the elements.

ADVOKATE — Advanced Dry Process for Low Cost Thin Multicrystalline Sili-
con Solar Cell Technology (EU-FP6: ENK6-CT-2001-00562, 2001-2004)
|. Pintér, J. Ferencz, B. Forgécs, G. Déra, A. Mgjoros, E. Véazsonyi, E. Kuthi,
Ms. Payer Karolyné, A. Gondos, C. Faragd

Aim and achievements:
Within the project our task was the R&D of Plasma Immersion lon Implantation (PI11)
technology.
The PlII techniqueis avery low energy (100-1000eV) implantation.
At MFA the PIII technigue have been used for Phosphorous doping of the emitter of
Silicon solar cdlls.
The advantage of the Pl are:

very fast process (5-60s)

good reproducibility and homogeneity of the dose

can beintegrated into dry solar cell processing technology
A vacuum chamber was constructed in which 4 pieces 10x10 cm? multicrystalline sili-
con wafers can be processed together. The system is also capable Pl processing of two
12.5x12.5cm? wafers or a single 15x15cm? wafer. The sheet resistance of the emitters
can be adjusted in 25-300 Ohm/sq range, so it can be applied for either selective or ho-
mogeneous emitter cells.

Metallisation of solar cells are performed by two basic technologies:
al Lift-off technique of evaporated Ti/Pd/Ag layers
b/ screen printing of silver and Aluminium pastes (under devel opment)
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from different batches showed similar and very good blue sensitivity.

The origin of electronic noise in semiconductor sensors (OTKA T 037706)

B. Szentpdli, V. Rakovics, T. Mohacsy, |. Barsony, |. Réi, Ms. M. Adam
Antalné, L. Klavigyik

Aim and achievements:

The lower limit of the sensitivity of any sensor is limited by the noise, fluctuation gen-
erated in them. The magnitude of this noise determines the dynamic range of the sensor
too. Namely the maximum of the perceptible signal, which results in a proportiona out-
put signal, is also limited. This limitation follows from the working principle of the sen-
sor [154]. The pressure-, temperature-, gas-sensors work in low frequency range from a
few hundred Hz down to mHz. The output of sensors of high frequency signals (micro-
wave, optical) is usually a filtered, averaged resulting in a slowly varying voltage.
Therefore the noise of sensors in the low frequency range - from afew Hz to 100 kHz -
has a great importance.

In 2004 two investigations were performed:

1. The noise in porous S structures. As it is well known originally the porous Si was
intend to apply for light emitting diode. These efforts have had no real success. Nowa
days the porous Si is applied in micromachining technique for fabricating different sen-
sors. In this respect the electric conduction mechanisms and the fluctuations in this ma-
terial have importance. The current-voltage characteristics and the low-frequency noise
spectra of p-type S - Porous Si - Al diode like structures were investigated [151]. Over
1V forward biases a reasonable fit was obtained in the Fowler-Nordheim plot. Any
attempts of accurately fitting the I-V characteristic by other known transport mecha-
nisms failed. At lower biases, however, an additional current-component appears which
shows a saturating character. This current component is ascribed to trap-assisted tunnel -
ling. The measured noise spectra show 1/f character; however the magnitude of the
noise shows saturation with increasing biases instead of the usual case, where the noise
power scales with 1%, or V2 This finding is interpreted by a model of two parallel cur-
rent paths. The noise arising from the smaller and saturating current determines the
noise performance of the whole device.
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a.. The measured noise spectra at different biases; b.: the current noise in the function
of bias voltage at two frequencies; c.: the normalised current noise in the function of the
mean current.

2. The lead sulphide has been used for along time as infrared detector. Its spectral re-
sponse extends to about 2.5 m at room temperature. It exhibit excellent performance
already at room temperature, and of course even better when cooled down. The main
handicap of this material isits sensitivity to blue/ultraviolet light. Such exposures result
in degradation: the dark conductivity will increase and subsequently the light/dark con-
ductivity ratio decrease. We have followed the degradation process by the measurement

of the low-frequency noise.

The PbS layers have been fabricated by the chemica deposition method onto glass sub-
strates. The carefully cleaned glass was placed verticaly in the agueous solution at
room temperature, for 10...25 minutes. The ohmic contacts were made by evaporation
of Cr-Au contacts. The samples were mounted onto TO 5 transistor cases, the contact
pads were bonded by thermocompressed gold wires. The sheet resistances of the layers
were about 0.5...1 M sguare. The low-frequency (10Hz...20 kHz) noise characteristics
were measured at different biases [152]. The forced degradation was produced by ex-
posing the device to ultraviolet light. The noise spectra show 1/f type frequency decay.
After the UV illumination the resistance of the samples decreased, however the noise
characteristics were relatively unchanged. This behaviour is interpreted by the assump-
tion that the noise arises from surface effects, while the resistance depends on the bulk
properties.

Research and development of custom wavelength | R sources and detectors

(in cooperation with the Ricola Ltd., Finland)
V. Rakovics, J. Balézs, S. Puspoki |. Réti, A. Téth, Ms. Varga Ferencné, K.
Voros Veresné
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Aim and achievements:
Portable IR spectrometers need efficient IR LEDs emitting in the 1000-1700 nm wave-
length range.
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The peak wavelength InGaAsP/InP double heterostructure LEDs can be tuned by the
composition of quaternary InGaAsP. The 1000-1700 wavelength range was completely
covered by 11 IR LEDs developed in MFA. LPE technology was used, for the growth
of the LEDs.

New surface emitting LED construction was
developed for IR spectrometer used for aco- 01 Lep11134
hol measurements. These types of LEDs have
narrow beam angle and very high brightness.
Arrays of InGaAsP/InP single mode junction 623 deg

defined buried stripe heterostructure laser ]

were grown on multi-channelled InP substrate j

by single-step liquid phase epitaxy [130]. The 1

buried double heterostructure and the lateral 0 T

current confining structure were formed in the !
same growth process. InGaAsP layer growth
is dominated by the preferred orientation, with
(1 0 0) growth favoured over other directions.
As a result of low temperature single-step
growth, the device yield is high. These laser
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600 arrays are characterised by output power
e close to 0.6W; high quantum efficiency,
symmetrical far-field patterns and excellent
g ol linearity of the light—current curve. Stable
s single transverse mode operation obtained up
B to 600 mW emitted power.
Portable IR spectrometers contain a linear
o 40 o 1m0 160 2000 array of LEDs or detectors and a fixed mono-
T ma) chromator. We developed a linear array of
Pulse light-current characteristicsof | PbS photoconductors [152]. The detector ar-
the five element laser array. ray can be used up to 3000 nm and have 14

active elements. Such wide spectral sensitiv-
ity is important for food spectroscopy and for some important medical applications
(noninvasive glucose and urea measurement).
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Semiconductor Characterisation Laboratory (G. Battistig)

Thin film effectsin semiconductor structures (OTKA T035272)
Z.J.Horvéath; M. Adam, L. Dobos, B. P dor, V. Rakovics, |. Szabo

Al, Au, Al/Ti, and Au/Ti contacts were prepared on n-GaN and annealed up to 900 &C.
The structure and morphology were studied by cross-sectional transmission and scan-
ning electron microscopy and the electrical behaviour by current-voltage measurements.
It was obtained that annealing yielded interdiffusion, lateral diffusion along the surface,
alloying and bowling up of the metal layers. The electrical characteristics indicated that
the upper metal layer in the Al/Ti and Au/Ti contacts diffused in and/or through the Ti
layer even during deposition. A Schottky barrier height of 1.07 eV was obtained for Au
metallisation. This value is closed to the Schottky limit of 1.00 eV indicating a low in-
terface state density in the studied Au/n-GaN contacts. The main characteristics of elec-
trical behaviour are summarised in Table 1.
Table 1: The room temperature current-voltage behaviour and the estimated
Schottky barrier height of Al/n-GaN contacts as a function of annealing temperature

Annealing Contact metal
temperature Al Al/Ti Au AU/Ti

. Rectifying, Rectifying, Rectifying, Rectifying,
Asdeposited | ¢ 093ev | f,2038eV | f,=L07eV | f,=049eV
300 & Linear*, Linear*, Rectifying, Rectifying,
f,<0.23 eV f,<0.35 eV f,=0.93 eV f,=0.50 eV
400 & Linear*, Linear*, Rectifying, Rectifying,
fp<0.23 eV fp<0.35 eV f ,=0.66 eV fp=0.44 eV
700 & Rectifying, Linear*, Rectifying, Rectifying,
f,=0.27 eV fp<0.35 eV f,=0.56 eV f,=0.43 eV

900 &C No reliable No reliable No reliable Linear*,
measurement measurement measurement f ,<0.36 eV

*Up to acurrent density level of 2 Amm™.

Studies of implantation and oxidation properties of SiC (OTKA T032029)
E. Szilagyi, G. Battistig, N. Q. Khanh, P. Petrik, Z. Zolnai

The oxidation kinetics of 4H SiC on both the carbon- and the silicon-terminated sur-
faces were determined. The oxidation behaviours were compared to that obtained on the
implantation amorphised SIC surface. It was demonstrated that oxidation kinetics in-
creases on the Si-terminated side but slows down on the C-terminated surface. The ki-
netics obtained on implantation amorphised SIC resembles very much to that on the
non-polar (11-20) SiC surface [158].

The lattice damage created by implantation of Al ionsinto single crystalline 4H-SiC has
been analyzed using a combination of Rutherford Backscattering Spectrometry com-
bined with channelling (RBS+C), Spectroscopic Ellipsometry (SE) and high resolution
Transmission Electron Microscopy (XTEM) in a co-operation with Centro Nacional de
Aceleradores, Seville, Spain. [12, 98, 116] After medium dose Al implantation (150
keV, 2x10™ cm™) and high temperature annealing (1100 &C, 1h, N,) RBS+C showed,
that highly damaged, amorphised layer remained at the surface. However SE demon-
strated, that recrystallisation occurred, in the whole implanted region. Finally XTEM
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proved, that solid phase epitaxy takes place during the high temperature treatment. Re-
crystalisation starts from the bulk, non-damaged region as well as from the less dam-
aged very surface region. However recrystalisation does not follow everywhere the
original crystal structure, grains with different polytypes and dlightly different orienta-
tions are formed. RBS+C senses the crystal structure under a rather large area, the di-
ameter of the used beam-spot is in the range of 0.5 mm. SE investigates the materid
also on a macroscopic surface but it senses the average refractive index of the material,
a physical parameter what depends highly on the structure of the matter. The results
obtained help to understand the physical processes taking place during ion implantation
and annealing processes.

Theoretical I nvestigation of Point Defects and the Elementary Steps of Oxida-
tion at the SIC/SIO, Interface (DFG-MTA bilateral project No. 112)

Z.Hajnal, A. Gali, P. Degk

Using a three-stage simulation framework — approximate DFTB for identification of
possible defect configurations, DFT-LDA for precise formation energies, and hybrid
DFT functionals with exact Hartree-Fock exchange for accurate defect levels — we
study the (0001) interface of 4H-SIC and SIO,. Our 2D slab model consists of a com-
plete 4x4 layer of Si-terminated 4H-SiC with a double layer of SiO, tetrahedra on top.
The upper and lower faces of the dab are saturated by H atoms. The structure has been
constructed so, that it contains no dangling bonds, and no (or minimal) local stress. The
energetics of various and Si-, O-, and C-defects as well as their complexes was deter-
mined using this 204 atom model, and supercells of bulk Si and SIO, (a-quartz). As
suming the oxidation of SiC proceeding in thermal equilibrium, the relative energies of
reaction products can be used to draw possible reaction pathways of the system for O,
addition and CO removal. Fig. 1. shows the resulting map with the energies of different
resulting defect structures, and the final reaction equations of different paths.

| Perfect Interface L_@
1
1.0eV 2.2V [2.0ev | 0. 7eV
V 0,+(Si-C)g O)z'f

@ |
@
[-0.1eV] [0.9eV] [2.9eV ] 6.8eV ||[-0.7eV] [ 1.4ev
’ [2V; O,+(Cy)g] +Si;oxide Oiif"'VcOz ‘ZVCO ‘ ‘VCO2+VC‘

[oev] O [ ] [oao ]
2Ve0(C): 2v.0,

2SiC + 20, 2Si0,+ (C), 2SiC + 30, 2SiO,+ 2CO

Fig. 1: Reaction pathways related to the oxidation of SC at the SC/S O, interface.
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Physics and Technology of Elemental, Alloy and Compound Semiconductor
Nanocrystals - Materials and Devices, SEMINANO (EU FP6 No. 505285)

Z.J. Horvath, M. Adam, J. Balazs, P. Basa, L. Dobos, L. Dézsa, T. Lohner, G.
Molnér, P. Petrik, P. Szoll0si

Dielectric layers with embedded semiconductor nanocrystals are studied in order to
overcome difficulties of non-volatile memory devices connected with technology scale-
down, and to develop Si-based LEDs. One of the methods used for creating Si nano-
crystals in SiOy, is the high temperature annealing of these films containing excess Si.
In our work the effect of high temperature annealing was studied on the composition,
homogeneity, microstructure, and thickness of Si-rich SiN, layers by spectroscopic € -
lipsometry and cross-sectiona transmission microscopy, and on their electrical behav-
iour by current-voltage, capacitance-voltage, conductivity-voltage, and memory hys-
teresis measurements.

The SiNy layers were deposited by low pressure chemical vapour deposition (LPCVD)
at 800 &C or 830 & and 0.35 mbar using SiH,Cl, and NH3. The average deposition rate
was 3.5 nm/min. Three different layers were prepared on Si wafers with SiH,Cl, to NH3
ratio of 4:1, 3:1 or 1:4 which yielded different composition of SINy layers with excess
Si content of 6.9 %, 4.7 %, 0.2 %, respectively, as obtained by spectroscopic ellipsome-
try. Than the samples were cut for parts with an area of about 1 cm?. Different parts of
the wafers were annealed in forming gas in the temperature range of 800-1100 &C for
1 hour. For eectrical measurements Al capacitors were formed by evaporation and
photolitography.

It has been obtained by cross-sectional transmission microscopy that the layers re-
mained amorphous after each annealing step. No systematic dependence of the layer
thickness has been obtained on the annealing conditions. It is likely, that the small scat-
ter of layer thickness obtained by ellipsometry and XTEM measurements, is due to the
lateral inhomogeneity of the original as-deposited samples. However, it has been ob-
tained by spectroscopic ellipsometry that the Si content of the layers decreased dlightly
with increasing annealing temperature.

The electrical behaviour were strongly affected by annealing. Systematic dependences
of the flat-band voltage and the electrical conductivity have been obtained up to anneal-
ing temperature of 1000 &C, but annealing at 1100 &C have degraded the layers. Conse-
guently, the memory behaviour aso have depended on annealing.

Front-End Modelsfor Silicon Future Technology — FRENDTECH, (IST Pro-
ject 2000-30129, 2002-2004)

G. Battistig, T. Lohner, M. Adém, P. Petrik, P. Dedk, K. Kamarés

The activation rate of shallow boron implants can be maximised by optimizing the sub-
sequent annealing, which has to dissolve the boron-interstitial clusters (BIC) formed
during implantation. This requires the knowledge of the formation energies of the
dominant BICs. Previous theoretical analysis at ab initio level has found alarge number
of possible complexes and predicted their formation energies with an error bar of about
1 eV. Regarding the number of BICs (15-20) this error introduces uncertainties in ki-
netic simulations. Therefore, it is desirable to identify the dominant BICs by spectro-
scopic methods. For that purpose, the measurable properties of al possible BICs have to
be calculated a priori with high precision.

Therefore, sophisticated ab initio calculations have been carried out systematically on a
large-scale, to establish a data base for the vibration spectra (norma mode frequencies)
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and electronic structure (one-electron level positions in the gap) for al BICs. After the
necessary convergence tests, the silicon crystal, containing the BICs, was simulated by
an appropriate supercell model. The total energy and the equilibrium geometry were
calculated using density functiona theory (DFT) and norm conserving pseudopoten-
tials. The vibration spectra have been determined in the harmonic approximation for all
possible isotope composition, using generalised gradient approximation (GGA) and
numerical atomic orbitals. The eectronic structure was calculated with an optimised
hybrid functional and Gaussian orbitals. As a by-product, some long standing contro-
versies in the interpretation of experimental results on the simplest boron complexes
could be solved.

lon implantation of SiIC using in channelling direction
N. Q. Khanh, T. Lohner, Z. Zolnai, A. Ster

500 keV N implantation with different fluences and different orientations with respect
to the <0001> crystallographic axis (the c-axis) of 6H-SiC has been performed using the
EG-2R Van de Graaff accelerator. The implantation-induced damage distributions in
both the Si and C sublattices were measured by 3.55 MeV “He" backscattering spec-
trometry/channelling (BS/C) analysis. For an adequate energy-depth conversion in
BS/C spectra, the el ectronic stopping power of the analyzing He ions along the c-axis of
SiC has been determined. The damage distributions, provided by BS/C were compared
to the results of Crystal-TRIM computer simulations. We have found that the depend-
ence of the shape of damage distributions in function of the tilt angle between the N
ions and the c-axis of 6H-SiC can be well reconstructed at relatively low fluences. Con-
trary, for highly damaged layers a large discrepancy has been observed between ex-
periment and simulation, that can be attributed to secondary damage formation proc-
esses, dominating the amorphisation of SiC in the high-fluence region [176, 177, 178].
The results were published at the 5th European Conference on Silicon Carbide and Re-
lated Materiads (ECSCRM 2004, Aug 31 - Sept 4, 2004, Bologna, Italy).

Nucleation of SIC nanocrystals at the Si/SIO, interface: effect of the interface
properties
G. Battistig, A. Pongracz, A. L. Toth, Z. Makkai, Z. Hajna

Significant work has been recently devoted to the growth of Si nanocrystals (NCs) be-
cause of their possible application for non-volatile memory devices and Si based LEDs.
Our group have proposed a ssmple method for SIC NCs growth at the Si side of the
Si/SIO; interface during annealing in CO atmosphere. The size and shape of the crystal-
lites are typicaly uniform. As the NCs grow epitaxially and void-free on the Si sub-
strate this structure might be used as seed crystals at the epitaxial growth of SIC on Si.
Further oxidation of the Si/SIO, structure containing SIC grains produce a system,
where the NCs sit in the oxide, which is suitable for flash memory applications. The
nanometre sized SiC grains could have further importance in the optoel ectronic applica
tions.

Additional investigations are necessary to understand the nucleation and growth mecha-
nism of the SIC NCs in order to control the nucleation density and grain size. Recently
we examined the effect of the Si/SIO, interface properties on nucleation process.

(100), (110) and (111) Si substrates covered with 100 nm thick thermaly grown SO,
layer were heat treated in CO containing ambient for several hours. Low voltage scan-
ning electron microscopy (SEM) was used to obtain information about the microstruc-
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ture of the system. Cross sectional and plan view images have been taken from the sam-
ples(Fig. 2.).

Fig. 2. SC nanocrystals grown on (100), (110) and (111) S substrates

Size, morphology and nucleation density of the nanocrystals have been found to depend
strongly on the orientation of the substrates. Comparing the (110) plane with the other

crystal planes the typical grain size is smaller and the nucleation density is one range
higher.
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Photonics Department
Head: M. Fried

PHOTONICS: The technology of generating and harnessing light and other forms of
radiant energy whose quantum unit is the photon. The science includes light emission,
transmission, deflection, amplification and detection by optical components and instru-
ments, lasers and other light sources, fibre optics, electro-optical instrumentation, re-
lated hardware and electronics, and sophisticated systems. The range of applications of
photonics extends from energy generation to detection to communications and informa-
tion processing.

We perform non-destructive and no-contact measurements using photons and applying
electromagnetic fields on different samples starting form thin films and whole semicon-
ductor wafers playing important role in microelectronic technology, through cells of
certain pathologic human tissue to the components of different machineries. We inves-
tigate the electrical and optical properties of the GaAs, InP, InGaAs, InGaAsP, and
GaSb compound semiconductors and heterostructure devices. We develop new software
and hardware units that support a more efficient diagnostics information extraction from
the results of electrocardiac imaging methods especially body surface potential map-

ping.

The work is organised in three laboratories cooperating internally and with other labora-
tories within the Institute.
Bioengineering

Non-destructive Analysis | Semiconductor Photonics
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Laboratory for Non-destructive Analysis (T. Lohner)

on beamsin physical nanotechnology (OTKA T043704)
J. Gyulai, T. Lohner, P. Petrik

lon implantation caused damage in SIC was measured by spectroscopic €ellipsometry
(SE) and cross-checked by Rutherford Backscattering Spectrometry (RBS). The relative
damage was measured using the Bruggeman effective medium approximation combin-
ing the dielectric function of single crystalline and totally amorphised SIiC. [12, 116].
Strontium—bismuth—tantalate (SBT), a new kind of dielectric layer material was charac-
terised by SE using the Cauchy model as well as the Adachi model (Phys. Rev. B 35
(1987) 7454-7463). A comparison of both models was performed. Furthermore, these
optical data were compared with compositional and structural properties examined by
RBS and X-ray diffraction (XRD). [135].

Cavities created by He implantation into single-crystaline silicon and annealing were
characterised by multiple angles of incidence spectroscopic ellipsometry [115]. Optical
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lon implantation induced lattice defects and their interaction upon annealing
(OTKA T033072)

M. Fried, O. Polgér, P. Petrik

The depth distribution of disorder and cavities in high dose helium implanted silicon
was characterised by spectroscopic ellipsometry (SE) and cross-sectional transmission
electron microscopy (XTEM) [115]. Dose dependence of ion implantation-caused dam-
age in silicon was studied by SE and RBS. SE measures more damage than RBS for
lower dose and less damage than RBS for higher dose [35].

Development of optical modelsfor ellipsometric study of multicomponent ma-
terials (OTKA T047011)

M. Fried, T. Lohner

In this study we use ion backscattering spectrometry combined with channelling (RBS-
C), XTEM and X-ray diffraction (XRD) to cross-check the assumptions used to con-
struct optical models for SE. We would like to establish correlation between the pa-
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rameters of the dispersion relation and the microscopica structural properties of the
materials studied.

Quantitative Makyoh topography (OTKA T037711)
F. Riesz; I. E. Lukacs

A novel, mirror-based Makyoh topography set-up has been developed thus demonstrat-
ing the capability of the method for the study of the flatness of large-diameter wafer
used in modern semiconductor technology [132].

Detection of the degradation of structural materials by electromagnetic non-
destructive methods (OTKA T035264)

G. Vértesy; C. Daroczi; A. Gasparics

A novel way of non-destructive magnetic characterisation of structural variations of
ferromagnetic samples was developed and applied for a series of cold worked austenitic
stainless steel and cast iron specimens. It was found, that the outcome of the minor
loops analysis was more helpful than that of the traditional hysteresis studies, and it was
highly suitable for sensitive non-destructive characterisation of structural changes in
such materials [164].

Development and application of special image processing methods
|. Eérdogh, K. Szész

Special image processing methods were developed and applied for solving medical,
dosimetric and fabrication-related technological tasks [113]

Basic processesin ion implantation, annealing-related effects and crystallisa-
tion (OTKA T034332)

|. Dézsi, T. Lohner
In this study silicon samples implanted with high dose iron ions and annealed by laser
irradiation were measured by SE. A two-layer optical model was constructed for the
interpretation. The layer adjacent to the substrate was 55 nm thick and contained about
90% FeSi,. The thickness of the top oxide layer was 7 nm.
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Semiconductor Photonics Laboratory (M. Serényi)

Optical setup for Makyoh topography (OTKA No. T037711)
J. Makai

Opto-€electronic devices based on the protein Bacteriorhodopsin (NATO Project
Number: SfP974262)

M. Serényi, A. Hamori, N. Nagy

Monomode waveguiding sensor, different waveguides including in-, and outcoupling
grating, and Mach-Zender interferometer was prepared on Suprasil substrate by Ta,Os
thin film.

Kicsatol6 racs

Bacterio-rhodopsin ecsatolo racs

incoupling grating sub-micron grati ngw Mach-Zender interferometer

Solar cell made of CIGS (NKFP 3/025/2001)
J. Makai; J. Balazs

We developed methods for in-situ control during the deposition of CIS/CIGS layers by
measurement of transmission and reflection.

Development of long life-cycle human-body hip-prosthesis (NKFP 1/013/2001)
M. Serényi, M. Racz

The aim of the project to enhance the life-time of human articular prosthesis by ion im-
plantation. We devel oped an optical method for the in-situ control of the plasmaimmer-
sion ion implantation caused hardness change on the surface of plastic prosthesis. The
method is based on the spectral reflection of the surface depending on the implanted ion
dose. The device (containing semiconductor diode-laser) is capable of in-situ, real-time
control during plasmaimmersion ion implantation “:_'l'.), of surfaces.

in-situ control of the plasma immersion ion implantation on the surface of plastic pros-
thesis
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Electromagnetic wavesin artificial periodical structures (OTKA T 046696

G. Kadar, J. Gyula, |. Barsony, B. Szentpdli, G. Battistig, P. Varga, A. Hamori,
A. Téth, J. Balazs, J. Volk, N. Nagy, Zs. Szabo

A research project for the modelling, fabrication and characterisation of photonic crys-
tals (periodic structures of light wavelength scale) has been launched this year by a
group of persons belonging to various departments of the Institute. Experimental results
were obtained in porous silicon based one-dimensional periodic structures. In the first
year the main effort was the development of a computer model for the simulation of the
propagation of el ectromagnetic waves in one- and two-dimensional photonic crystals by
using the finite difference time domain (FDTD) method. The model was tested and ap-
plied in rectangular two dimensiona lattices for the calculation of the energy band
structure and band-gaps as well as for the ssimulation of the propagation of a“forbidden
energy” wave along adefect line of a photonic crystal model as seen in the figures.

=17
=

-

TN i i i L ORPVVTOOTO ¢
L A B ML O B AN A BN a - | O RIGEQC 0 B
seoasenae g Il ejicRelsRaRayeRols i
se e b B 000000000

XL 2wl [ 0T o 0@
NP —300am oo ODAD 00BN

_ D eDODE=00090
b dl ©=150nm ! . o 00006 03
eee : U B Jecooline ey
5 I 32 E] R =

a
Palvenciz  {Hz) e & [m] 310

photonic crystal model calculated photonic band gaps  guided light in " defect”



48 Y earbook 2004 MTA MFA

Bioengineering Laboratory (G. Kozmann)

Information Technology for Cost efficient Health Conservation (NKFP
2/052/2001)

Subproject 1: Interpretation of body surface potential maps
G. Kozmann; A. Bolgér; K. Haraszti; K. Szakolczai

Major activity focused on:
Clinical data acquisition of normal subjects, ischemic and arrhythmia patients

Body surface mapping in the Bioengineering Laboratory
Model-based localisation of bioelectrical source changes due to ischemic heart
diseases.
Elaboration of new methodology to reveal the electrical substrate of malignant
arrhythmias (risk of sudden cardiac death), including the detection of elevated
repolarisation disparity and beat-to-beat variability of depolarisation and repo-
larisation

Beat-by-beat sequence of the surface manifestation of depolarisation sequence,
depolarisation variability (1% and 2™ column) and repolarisation sequence and
its spatio-temporal variability (4" and 5™ columns)
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Subproject 2: Status monitoring of stroke patients with internet based motion
analysis
J. Laczko, C. Fazekas, Z. Keresztényi

Methodology and program has been developed for the measurement and evaluation of
hand movement tremor in normal subjects and stroke patients. The results were inte-
grated in an Internet based telemonitoring system.

Statistical decision criteria were elaborated and validated based on the database of our
clinical data acquisition program performed with different clinics and hospitals.

The control of multi-joint [imb movements: electro-mechanical model (OTKA
T034548)

J. Laczko, C. Fazekas; Z. Keresztényi

A MATLAB based ssimulation study has been carried out, suitable quantitatively char-
acterise limb movement as a function of motora neuron activity. In cooperation with
the New York University and the Semmelweis University the movement of rat limbs
was analysed and validated by real experimental data.

Jini based Grid system with an integrated development environment (IKTA-5
00089/2002)

Z.Juhasz, S. Péta

In cooperation with the Dept. Information Systems, Univ. of Veszprém, we have elabo-
rated a distributed computing architecture, capable to discover computation resources
world wide and execute parallel tasks. A new method has been introduced for computa-
tion resource optimisations.
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Nanotechnology Department

Head: L. P. Bir6
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Nanostructures Laboratory (Z. E. Horvath)

Production, modification and characterisation of carbon nanotube-like nanos-
tructures based on physical, chemical and simulation methods (OTKA
T043685)

L. P. Bir¢; Z. E. Horvéth, Z. Vértesy, G. |. Mark; K. Kertész; A. A. Koos; Z.
Osvéth

1. Multiwall carbon nanotubes (MWNTS), grown by injection CVD or “spay pyrolysis’
method were characterised by SEM and TEM. The growth method is based on the si-
multaneous injection of the carbon source (e.g. benzene) and the catalyst source (e. g.
ferrocene solved in benzene) through a sprayer into the reaction furnace. The reaction
was optimised by varying the furnace temperature, the flow rate of the ferrocene-
benzene solution and the ferrocene concentration. In certain cases, the growth of large
areas of high purity aligned multi-wall carbon nanotube fields was found. STM studies
showed the presence of single wall nanotubes in some samples together with multi-wall
nanotubes. Other hydrocarbons (toluene, Xxylene, cyclohexane, cyclohexanone, n-
hexane, n-heptane, n-octane and n-pentane) and metallocenes (cobaltocene and nickelo-
cene) were found to be suitable carbon source and catalyst source, respectively. The
highest yield and the best quality were obtained when a mixture of ferrocene-
nickelocene was used as catalyst and xylene as carbon source.

SEM image of aligned MWNT field and TEM image of MWNTS produced using ferro-
cene dissolved in xylene

2. Electron transport through carbon nanotubes (CNTS) is a basic phenomenon for the
understanding of Scanning Tunnelling Microscopy (STM) investigation of these nanos-
tructures and also provides the main operational principles for carbon nanotube based
electronics. We investigated theoretically the effect of the substrate on the stationary
states of the jellium model of nanotubes using a perturbation treatment. The calculations
showed that only athin surface layer of the substrate contributes to the perturbation (the
thin oxide layers or impurities on the surface of the support might have a magjor impor-
tance). Understanding the electronic transport through two crossing nanotubes (a nano-
tube contact) isimportant in fabrication of multi-terminal devices. Our analytic calcula-
tions for this system show a strongly angular dependent energy shift.
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Angular dependence of the first order per-

Probability density of the nanotube m=0 turbation correction of the ground-state
angular momentum eigenstate inside the energy of a CNT, due to the presence of a
support crossing tube

3. Using proprietary wave-packed dynamical simulation software the tunnelling proc-
esses were investigated in full 3D description through: an infinite carbon nanotube, a
capped carbon nanotube protruding from a step, a carbon nanotube quantum dot and a
Y -junction carbon nanotube. The simulation showed that: a) the tunnelling current is
determined by the STM tip/CNT junction; b) the tunnelling takes place in , pulses’
which develop at the charge maxima produced by the interference of the electron den-
sity waves, ¢) in the case of the Y -junction, the defects in the junction region make their
presence felt at distances as large as severa nanometres.

Ion beam methods in the physical nanotechnology, IONNANO (OTKA
T043704)
J. Gyulai, L. P. Biro, Z. Vértesy, Z. Osvéth

1. Multi-wall carbon nanotubes (MWCNTS) dispersed on graphite (HOPG) substrate
were irradiated with Ar* ions of 30 keV. The irradiated samples were investigated by
scanning tunnelling microscopy (STM) and spectroscopy (STS) in air. The irradiation-
induced defects appear as hillock-like protrusions on the nanotube-walls, similar to the
hillocks observed earlier on ion irradiated HOPG. The results are in agreement with
recent predictions, which attribute the STM features produced by ion irradiation to local
modifications of the electronic structure. “ 3" J3r” type superstructures are also ob-
served near some of the defects. After annealing at 450 °C in nitrogen atmosphere, the
change of the defects were found by STM.

STM image of an irradiated MWNT showing defects and super structure
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Photonic crystal type materials of natural origin (partly funded by OTKA
T042972 *“ Comparative morphological and thermal study of butterfly wing
scales...”)

L. P.Bir0, Z. Vértesy, K. Kertész

The optica properties of the inflorescence of the high-altitude Leontopodium nivale
subsp. alpinum (edelweiss) were investigated, in relation with its submicrometer struc-
ture, as determined by scanning electron microscopy. The filaments forming the hair
layer have been found to exhibit an internal structure which may be one of the few ex-
amples of a photonic structure found in a plant. Measurements of light transmission
through a self-supported layer of hair pads taken from the bracts supports the idea that
the woolly layer covering the plant absorbs near-ultraviolet radiation before it reaches
the cellular tissue. Calculations based on a photonic-crystal model provide insight on
the way radiation can be absorbed by the filamentary threads.

SEM image of the filaments covering the edelweiss flower and model of the filament
Cross section

Nanopatterning of thin layers by focused ion beam (without funding in 2004)
A.L.Toth, Z. Vértesy, E. Horvéth

The FIB nanopatterning was successfully applied for preparation of optically active thin
layer structures and magnetic nanodot arrays used in quantum cellular automate re-
search

Nanotube-based gas sensor (MEH-MTA strategic research grant NANOGAYS)
J. Gyulai, L. P. Biro, Z. E. Horvéth, Z. Vértesy, K. Kertész; A. A. Kods

Multiwall carbon nanotubes were demonstrated to be suitable for gas sensing. Devel-
opment of gas sensing devices based on electric resistance measurements has been
started.
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Ceramics and Composites Laboratory (P. Arato)

Silicon Nitride-Based Ceramics and Composites (OTKA D38478)
C. Balazsi; P. Arato, F. Wéber; Z. |. Kbvér

The target of the research work is to work out new methods for preparing synergistic
ceramic matrix composites with new properties. Primarily the interactions between sili-
con nitride matrix and graphite micrograins, carbon black nanograins, carbon fibres and
carbon nanotubes were investigated. Carbon nanotubes present exceptional mechanical,
superior thermal and electrical properties, there are high expectations for high level of
nano- and microcomposites containing carbon nanotubes; despite of this, only modest
improvements were reported. Our experimental work has been performed to control the
preparation of colloidal ceramic slurry and the structural changes during shaping and
sintering. Several sintering techniques PLS, HIP, HP, FAST (Field Activated Sintering)
were applied. Structural, morphological and mechanical properties were examined to
follow the interactions between ceramic matrix and different carbon additions. Silicon
nitrides with controlled porosity and in-situ silicon carbide/silicon nitride composites
were obtained by the help of fugitive (carbon) additions and by tailoring the complex
reaction paths within sintering processes. The carbon nanotubes can be maintained by
appropriate choosing the parameters of this procedure (see Figure below). The me-
chanical properties of carbon containing porous samples were better than samples with-
out carbon at the same value of porosity [4, 5, 6, 7, §].

MWNT bundles covered by nanosized -S3N, crystals showing a necklaces (left) -
S3N, grains connected by MWNTS (right). Fracture surfaces[7]

Effect of Structural Changes on the Mechanical Properties (OTKA T043704,
NKFP 3/34/2001)

P. Arato, C. Balazs, J. Pfeifer, F. Wéber; Z. |. Kovér; J. Babcsan Kiss

Strain-stress curves were determined on silicon nitride based ceramics and on compos-
ites with matrix silicon nitride and/or silicon carbide to determine the relationships be-
tween structure and properties. Special emphasis was given to porous materials (see
Figure below). We introduced a new test method, some constituents of C/C-SIC com-
posite bodies were eliminated and the obtained SiC skeletons were examined. The ef-
fects of advances techniques of surface modification were also studied. Mechanical
properties of silicon nitride based ceramics after implantation of nitrogen or carbon ions
were measured. Results suggested that effect of ion implantation is connected with the
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selective modification of defects; a part of them can be healed. The effect of oxidation
as afunction of temperature, compositions and type of starting powder was aso investi-
gated. After heavy oxidation new phases appeared, the effect of implantation was mod-
erated. The structure and consequently the working temperature of advanced ceramics
can be improved by combining the different methods of surface modification [3, 4, 5, 6,
7,8].

@S- macro-and micropores, ®©- S3N, nano grains ©@o- S3Nymicro grains [ 5]

Ceramics-Based Bio-Compatible Composites (OTKA D38478)
C. Balazsi, F. Wéber

The project started in 2004. The aim is to develop composite materials for biomedical
applications starting from natural raw materias. In the first stage hydroxyapatite and
calcium phosphate powders were prepared; the size of grains was in the nano and micro
region. A new method has been worked out for covering hydroxyapatite substrate by
calcium phosphate nano and micro layers or fibres. A layered structure of this type may
increase the strength of composite. In the next step different porous ceramics and lay-
erswill be prepared and examined to improve both the bio-compatibility and strength.

Development and Characterisation of Sensing Layers Based on Open Structure
Tungsten Oxides and Related Materials (MTA-OTKA-SNF)

C. Balazs, J. Pfeifer

This project started in the second half of 2004. In the beginning the planned work will
concentrate on the preparation processes of new polymorphs of tungsten oxide, in bulk
and thin film form. The target is to develop advanced gas sensors for high temperature
applications. The Cupertino between State University of New Y ork and MFA exploiting
the complementary expertise of collaborators provides good chance. The first series of
tungsten oxide samples were prepared in Budapest and examined in Stony Brook. The
cubic tungsten oxide sample was sensitive to NHz and NO, gases. The temperature for
better sensitivities was 500 °C.

Processes Limiting the Coarsening of Ultra-Fine Grains (OTKA T32730)
L. Bartha, I. Gadl, O. Horacsek

When the AKS-doped sintered tungsten ingots are processed into wire, the smaller po-
tassium-containing pores appear to be less deformable than the larger ones. The effect
of this selective pore deformation on the characteristics of the developing bubble dis-
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persion in different heat-treated samples was investigated. The results indicated that the
refinement of the potassium distribution during thermomechanical processing occurs
more effectively if the potassium in sintered ingot is enclosed in relatively large pores.
It was shown that an initial broad size distribution of potassium-pores in sintered ingot
will be moderated during thermomechanical processing to a relatively narrow size dis-
tribution of the bubbles in the wire. The high temperature creep resistance and, hence,
the quality of doped tungsten wires depend both on the size and the arrangement of
bubbles [61,62].

Materials for Light Sourceswith | mproved Properties (EU GRDI-2000-25471,
NKFP 3/045/2001)

|. Gaal

Thoriated tungsten electrodes are often used in high intensity discharge lamps since
thermionic emission of tungsten is markedly increased by the presence of Th atoms on
the surface. The evolution of the surface composition of thoriated tungsten has been
followed up by means of Auger electron spectroscopy after various heat treatment per-
formed below 2300 K. It turned out that the evolution depends dramatically on the cur-
rent density of the electron beam exciting the Auger eectrons, and no Th adatom en-
richment has been observed without eectron beam irradiation in this temperature re-
gion. It has been shown that the sources of Th adatoms are thoria particles attached to
the free surface of the wire. It is expected that the electron induced oxygen depletion of
the thoria particles is the main reason for thorium release onto the free surface [18].
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Group of Complex Systems (G. Szab0)

Nonequilibrium phase transitions (OTKA T-046129)
G. Odor; A. Szolnoki

The nonequilibrium systems can also undergo phase transitions (i.e., extinctions) that
can be classified by considering the universal features of the critical transitions. Our
research is focused on some exceptions exhibiting unusua behavior. The recent results
in this area were reviewed by Géza Odor [182].

Evolutionary games (OTKA T-047003)
G. Szab6; A. Szolnoki; |. Borsos; J. Vukov

The measure of cooperation was investigated for the voluntary evolutionary prisoner’s
dilemma games allowing partially random partnerships. The Monte Carlo simulations
show the emergence of globa (synchronised) oscillations in the concentration of the
three strategies (defector, cooperator, and loner) as indicated by the subsequent snap-
shots (left) meanwhile the same system on the square lattice exhibits a rotating spira
structure (right).

The relevant features of these systems were well described by the extended dynamical
mean-field approximations [147]. Many consequences of the cyclic invasions were
studied systematically by investigating the evolutionary rock-scissors-paper game on
different regular structures [146,155,156].

Besides it we studied the formation strategy associations whose competition affects the
evolutionary processes [145].
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Analysis of folk music
Z. Juhész

Each melody can be represented by a point in the multi-dimensional melody space. The
set of Hungarian folk songs has a particular structure if the melody space is projected on
an adequate two-dimensional space[76].

Some aspect of this method is applied for the analysis of blood pressure pulses to diag-
nose some illnesses.



MTA MFA Y earbook 2004 59

Scientific Promotions in 2004

Doctors of the Hungarian Academy of Sciences (MTA):

Géza ODOR, D.Sc.
Universality classes in nonequilibrium lattice systems

BédaPECZ, D.Sc.
Wide band gap semiconductor layers and their contacts (TEM studies)

Péter TOROK, D.Sc.
Microscope Objectives with Large Numerical Aperture

Ph.D. degrees:

Abdulhadi Hassan ABDULHADI, Ph.D.
Budapest University of Technology and Economics
Characterisation of shallow pn junctions by plasma immersion ion implantation

Péter FURJES, Ph.D.
Budapest University of Technology and Economics
Heat transport in S micromachined structures

Essam Ramadan SHAABAN, Ph.D.
Roland E6tvos University
Investigations of near surface modification induced by ion implantation

M.Sc. degrees.

Mikl6sZSITVA, M.Sc.
Budapest University of Technology and Economics
Doping limitations of n-type S islands formed by porous S sacrificial
layer

Sandor FURST, M.Sc.
Budapest University of Technology and Economics
Fabrication of macroporous S for micromechanical applications

Nikoletta KAULICS, M.Sc.
University of Miskolc
Examination of SAION Ceramics by Instrumented Impact Test

SzabolcsMACZKO, M.Sc.
University of Miskolc
Preparation and Characterisation of Slicon Nitride Based Porous Micro- and
Nano-Composites

Péter SZOLL SI, M.Sc.
Budapest University of Technology and Economics,
Faculty of Electrical Engineering and Informatics
Electrical studies of annealed SNXx layers containing excess silicon

B.Sc. degree:

Istvan JOO, B.Sc.
Kandb Kaman Faculty of Electrical Engineering
PC control of a LEITZ MPV-CD critical dimension measuring system
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Domestic Conferences and Symposia Organised in 2004

Hysteresisand Micromagnetic Modelling—HMM 2005, May 2005, Budapest
Conference on R& D activity in the field of Health Informatics (organised in coop-
eration of the University of Veszprem, and the J. von Neumann Society) 12 November
2004, Budapest.

Laser Tea, 19 Nov 2004, Budapest



MTA MFA Y earbook 2004 61

MFA Seminar Talks

Istvan Daruka, (Debrecen), Modeling of surface nanostructures, 14 January 2004

Philippe Lambin, (Namur, Belgium), Structural characterisation of carbon nano-
tubes by diffraction, 21 January 2004

Kazuo Morigaki, (Tokyo Univ.), Light induced defect creation in amorphous silicon,
28 January 2004

Zsolt Zolnai, (MFA), Application of electron paramagnetic resonance for the study
of point defectsin SIC, 25 February 2004

Mikiés Fried, (MFA), Wide angle ellipsometry, 3 March 2004

Christian Schmidt (Erlangen), FECLAM - Ferroelectric CVD Layers for Memory
Applications and Andreas Nutsch (Erlangen), Chemical Mechanical Planarisation
for Semiconductor Manufacturing, 8 March 2004

Istvan E. Lukacs, (MFA), Makyoh-topography for the investigation of mirror-like
surfaces, 24 March 2004

Anita Pongracz, (BUTE), SIC nanocrystals, 7 April 2004

Jarek Domagala, (Inst.Physics, Warsaw), I nfluence of defects on lattice parameter of
thin GaMnAg/GaAslayers, 28 April 2004

Jozsef Cserti, (ELTE), Hybrid nor mal-super conducting mezoscopic systems, 6 May
2004

Christo Angelov, (Sofia), lon Beam Induced Epitaxial Crystallisation of Amorphous
Si Produced by Implantation of heavy ions, 12 May 2004

Yvonne Gerbig and Henry Haefke, (Neuchatel), M or phogenesis of Chromium Nitride
Thin Films, 26 May 2004

Géza Tichy, (ELTE), Anizotropic surface strain, 2 June 2004
Béla Szentpdli, (MFA), Noise in sensors, 9 June 2004
Taméas Horéanyi, (BUTE), Laméllar liquid crystal systems, 16 June 2004

Voros Zoltan, (MFA-U. Pittsburgh), Bose--Einstein-condensation in semiconductors,
30 June 2004

Alexandra Imre, (U. Notre Dame), Investigation of nano-magnets for Quantum-dot
Cellular Automata applications, 1 September 2004

Géza Méark and Levente Tapasztd, (MFA), Axial flow of charge in carbon nanotube-
like structuresinvestigated by tunneling microscopy, 8 September 2004

Andrea E. Pap, (Univ. Oulu, Suomi), Manufacturing and investigation of porous
silicon and oxidised porous silicon materials, 29 September 2004

Jozsef Laczkd, (MFA), Neuro-mechanical model for the control of limb movements,
14 October 2004

Andras Kovacs, (MFA), Combinatorical investigation of phase formation in thin
films, 6 October 2004

Edvard Badaljan, (MFA), Thermal noise, 20 October 2004
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Sandor Kugler, (BUTE), Fotoinduced volume changes in chalcogenic glasses (amor -
phous selenium), 27 October 2004

Pelagia Irene Gouma, (SUNY, Stony Brook), Processing and Characterisation of
Nanostructured Materialsfor Bio/Chemical Sensors, 29 October 2004

Antal Gasparics, (MFA), Non destructive electromagnetic characterisation method
based on the Fluxset sensor, 3 November 2004

Tadeusz Figielski, (Inst. Fyziki, Warsaw), Electrical effects of dislocations in semi-
conductors—in retrospect and nowadays, 11 November 2004

Zoltan Juhasz, (MFA), Comparison of European folk-music by the help of self-
organising maps, 17 November 2004

lan Vickridge, (GPS, Jussieu), Oxidation M echanisms of SIC, 1 December 2004

Yu. V. Zhilyayev, (Y offe Ingtitute, St. Petersburg), GaAs and GaN: Vapour phase epi-
taxy and properties, 3 December 2004

V. Gorodynsky, K. Zdansky, and L. Pekarek, (Inst. Radio Eng. and Electronics, Czech
Republic), Our research towards particle and radiation detectors on InP, 8 Decem-
ber 2004

Sandor Kuruncz, (AEKI), Applications of X-ray fluorescent methods in the envi-
ronmental resear ch, 15 December 2004
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External Seminar Talks

A. Hamori: Implanted grating coupler for single mode waveguides Imperial College
London, Blackett Laboratory, UK, 20 January 2004

A. Barna: lon bombing and nanotechnology, Technoorg-Linda, Budapest, 5 February
2004

G. Kadar: Modelling of Magnetic Hysteresis, V. Winter School on Nanocomposites
with special properties, Keszthely, 13 February 2004

L.P. Biré: Carbon nanotube-like nanoar chitectures: spirals, , necklaces of pearls’
and others, seminar of Dept. General Physics, Roland Eo6tvos University, 2 March
2004

G. Vértesy: Magnetic hysteresis measurements on cast iron samples, Tohoku Uni-
versity, Sendai, Japan, March 2004

G. Kovéach: Carbon Films with Changing Bonds, Roland E6tvés Physical Society,
Budapest, 19 May 2004

G. Kadar: Photonic Band-gaps, Product model of magnetic hysteresis, Oradea, Ro-
mania, 27 May 2004

I. Barsony: Porous Silicon based integrated microsystems, University of Notre Dame,
South-Bend, USA, 18 June 2004

Zs. |. Kovér: Calculation of the Equilibrium Phase Diagram by ESTPHAD Method
Directly from Measured Data, University of Miskolc, 23 June 2004

Cs. Balazsi: Tungsten Oxides for Sensoric Applications, State University of New
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