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DIRECTOR’'S FOREWORD

2010 brought about an ,earthquake” in Hungary’s debt-
prone economy. After a landslide election victory the new
government inherited a severe economic crisis, which had to
be countered with immediate central measures, also affecti
innovation financing and the continuation of domestic R&D
projects. The adverse impact of the (hopefully temporarily)
suspended payments and discontinued calls has been very
serious, especially on international collaborations co-fiedn
by the EU and the Hungarian innovation agency. We were
even ourselves astonished in such circumstances teeregist
a still formldable performance of MFA in financial termalpeit registering a
setback of almost 1 million in last year’s budget.

The most important organisational change in the life ofimstitute was that the
President of the Hungarian Academy of Sciences appointesixtime mbers of the
External Advisory Board (EAB) of MFA, who were nominated by siwpervising
Department of Physical and Technical Sciences and the MBAagement. The
head of the EAB is Prof. Janos Kertész, and the foreigmbmes represent
fundamental science (Prof. Lars Hultman from Uni. Linkopigyeden) and
targeted research (Prof. Lothar Frey from Fraunhofer ,|[Sfangen, Germany).
Their mandate is to provide the director with independent adidcesventual
necessary modifications and adjustments in scientificstefithe President of the
Academy also expects them to provide an overall assessmdmw attivities and
progress of the research based upon their regular judge mentgtege years.

Regarding the scientific-technical achievements, the yeet was definitely a
success for MFA, as confirmed by the EAB. Besides sciattgnthe visibility of
MFA activities was enhanced by better PR policy, by our contabsitto education
support and popularisation of science, research and nanoteghnolg@articular.
Thanks to the consistent policy of the MFA management wesinheavily from
own resources in the continuous improvement of the reseah@structure, we
were able to acquire more support from European framework proggctsxpand
our R&D cooperation with domestic and foreign industrial pastnesich enabled
us to survive in the harsh economic environment. In tigigreethe institute profited
from being leader of the National Technology Platform fantedrated
Micro/nanosystems (www.imntp.hu), the Hungarian partnertlef European
Technology Platforms for Nanoelectronics ENIAC and Photaiedt The initial
financing for setting up the IMNTP bureau ended in March, buf\ Mies to find
other ways to continue operation of this office (headed by Dsztitta Szakolczai).

The year 2010 could be justly called the “year of graphene”, mptb@cause of
the Nobel Prize in Physics to Geim and Novoselov, but alsodasubcess of MFA
researchers particularly in this field. The internagignpioneering contributions of
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the group headed by Prof. Laszlé P. Bir6 brought several acknowledgeniéter
Nemes Incze (Ph.D. student) obtained last year (as tte MFA member) the
prestigious distinction of Junior Prima Prize in physics.AMkas one of the two
research institutes of the HAS obtaining the support of treed&eh Council for
Fundamental Science and Technology of the Korean RepublitS@R The new
Joint Korean-Hungarian Laboratory for Nanosciences was dpanhéMFA by the
presidents of KRISS and HAS on 27 October 2010 and will be operatettirée
years financed by the Korean partner. The head of the labgratP. Bird, obtained
on 10 December 2010 the Charles Simonyi Research Grant fepdashead research
on carbon and biological nanostructures.

Péter B. Barna, professor emeritus of our institute, vaamured for his life-
achievement in thin film science by the 2010 Prize of thierhational Vacuum
Union. On 25 August he held a well received plenary lectutieeal8th International
Vacuum Congress in Peking where the IUVSTA Prize wadd@over to him.

A further appreciation of MFA was this year is the etettof Istvan Barsony,
the Director of the institute by the General Assembly efungarian Academy of
Sciences to corresponding member of the HAS. On 9 Decembdelivered his
inaugurate lecture entitled: “Interfaces — interactietistegration”.

Miklés Menyhérd, scientific advisor and head of the SdienGouncil of MFA
was decorated by the Knight Cross of the Order of Merit oHinegarian Republic
on 23 October for his scientific and organisational achievesn

Péter Aratd, scientific advisor of MFA, became Doctor Hon@&usa of the
University of Miskolc for his decade-long support of education anelarel at the
University.

The representatives of MFA, the Pazmany Péter Cathaliweksity and their
2008 spin-off company TactoLogic were awarded the MilleniunizePiof the
Hungarian Patent Office on 22 April 2010 for the *“efficienthencement and
protection of their intellectual property”.

A record number of six Ph.D. degrees were obtained in 2010 by yo&dg M
researchers: Anita Pongracz (BME), EnilHorvath (BME), KrisztiAn Kertész
(BME), Fanny Misjak (ELTE), Csaba Major (SZTE) and Kiisat Szakolczai (PE).
Their scientific contribution is paramount for ensuring a iooius adaptation of the
research programme and level of research at MFA to attermal trends and
standards!

Five postdoctoral colleagues received in 2010 the prestigious Juolgai
Research Fellowship of HAS: Krisztian Kertész, Norbexgyy Attila Szolnoki, Janos
Volk and Zsolt Zolnai.

Important manifestations of the growing influence of our taiin the scientific
life of Hungary are the assignments in research fundsaasociations as well as the
election of MFA members to representative bodies. Three otalleagues, Gabor
Battistig, Janos Labar and Béla Pécz were elected asralocepresentatives in the
General Assembly of HAS. Béla Pécz became the Presmfethe Hungarian
Microscopic Society for the coming four years. Laszl6 P. Bias wlected as member
of the Collegium for Technology and Natural Sciences ofHbagarian Research
Fund OTKA for three years.
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A pioneering but meanwhile traditional activity of our institigghe organisation
of the yearly Summer Camp for junior high school students uhgembtto “Let’s
learn from each other”. From 21-25 June 2010 we again hostedil@@h(15-17
year old) from the schools of the whole Carpathian Basouataboratories, thanks
to the enthusiastic guidance and support from our whole staffime of the best
reports written by the children after one week of regeatdViFA were last year even
published in the popular periodical “Elet és Tudomany”. The insti Open Day (12
November) and the lecture of I. Barsony and J. Volk “From gmiectronics to
nanosensorics” held for youngsters in the frame of the ac¢@tmdents at the
Academy” (November 11.) were well visited and received. Oveydeing university
students (BSc and MSc) were awarded some prize at thegrsities competitions
for their scientific projects carried out at MFA and wengited to the national
competition in several categories. All these activitesd efforts serve the
popularisation of scientific studies and the motivation of youndestts to select the
unfortunately still understated career as researcher &t — and our consequent
efforts seem to bear fruits!

Lack of resources did not block our striving for improvement of aede
conditions. Although only a few smaller instruments could fagchased the
preparation and tender for more substantial investmentsosenpleted in 2010. The
official inauguration of the reconstructed technology comgigxthe President of
HAS in the presence of the press took place in March. al¢e rebuilt two
laboratories and two offices for the Nanostructures Departraedttwo offices for
the administration. The Quality Assurance System wasimmd, and four
laboratories of MFA (Ellipsometry, Nanolab, Microtechnology &pkectroscopy)
were rated Strategic Infrastructure by the national aityhofhe Spectroscopic
Ellipsometry obtained as Test Laboratory accreditation in 2010.

Despite the above financial difficulties, MFA is well oadk — as was noted by
the External Advisory Board. The coming year will be even naoiteeal to manage,
to maintain and even widen the international collaboratwdhh require more
concentrated efforts. Nevertheless we hope that the opggrinfnen MFA staff-
expansion by 20 coworkers, which we obtained by initiating a nwdijlinary
collaboration in the new HAS Q2 research complex at thgyris@nyos university
campus with the partner institutions in chemistry and lglander one roof, will
widen our horizon and increase the attractivity of thisitiexy and exploding
materials research field of nano-bio integration.

Budapest, 15 February 2011

Istvan Barsony
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Key Financial Figures

The total budget of MFA in 2009 reached a similar level of abdub million as in
the previous year with significantly improving indices. Besithe decreasing
subsidies in 2009 the higher level of the budget of the Institatemainly facilitated
by the increasing success in the participation in intenmailt projects.

MTA MFA Budget Totals
1143 1486 1471 1398 1765

1800 @ Investment Subsidy
1600 E Miscellaneous
1400 O Pilot Producti
1200 ilot Production
1000 OR & D Contracts
800 O International Projects
600 M Domestic Projects
400 B Subsidies
200

2006 2007 2008 2009 2010

Despite the marginal central investment support, in Hs period the research
infrastructure of the Institute developed substantially, and®d09 a significant
restoration and extension of the clean room area hasatseprocessed.

Research Infrastructure
Development and Maintenance

149 373 142 69 221

@ Restoration
300 Spending
250 O Investment from
200 Own Resources
150 | @ Central

Investment
100 | Support
50

2006 2007 2008 2009 2010
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Publications & Citations of MFA

According to the independent databas@tmdmson Reutershe institute has kept an
average publication activity of nearly 100 scientific papersypar during the past
decade.

Publications of MFA (source: IS| Web of Science)

120
110
100

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
publications 99 100 100 94 97 97 83 115 95 81

The complete 2010 publication list of MFA — with considerably ntibless than listed
by ISI Web of Science —is included at the end of this yearbook.

A good measure of the recognition of MFA’s scientific atfivé the h-index value of
49, and the steady growth of the number of independent ogatio

Citations of MFA (source: IS| Web of Science)

2500
H Self-citations

2000 O Independent citations

1500 |

1000

500

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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Honoured and Elected

] ..In I?‘ILI.‘,-.;__' r
SAnyaqt On 22 April 2010 the representatives
PPy of the Pazmany Péter Catholic

University, and MFA, Tamas Roska
and Istvan Béarsony, as well as Attila
Kis, the acting manager of their 2008
founded spin-off company, TactoLogic
Ltd. were awarded by President
Miklos Bendzsel with thdillenium
Prize of the Hungarian Patent Office
for the “efficient enhancement and
protection of their intellectual

property”.

inte

The director of MFA, Istvan
Barsony was elected by the
Assembly of Academicians of HA
corresponding member of th
Hungarian Academy of Sciences
May 2010. He held hi
inauguration  lecture  entitled
“Interactions, interfaces,
integration” on 9 December 2010.

The
IUVSTA

Prize

On 25 August 2010Péter B.
Barna, professor emeritus of ou
institute, was honoured for his

life-achievement in thin film
science by the010 Prize of the
International Vacuum Union
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~ On 23 October 201®iklés Menyhard the head of

the Scientific Council of MFA was decorated by the

Knight Cross of the Order of Merit of the Hungarian
Republic.

On 24 NovemberPéter Nemes-Incereceaved Junior Prima prize in science,
acknowledging his original method to process graphene layers placed ontsi8f@ce
with nm accuracy.

On 10 December 2010 Protéaszlo
Péter Bir6 of MFA received the
Charles Simonyi Research Grant for
his spearhead research on carbon and
biological nanostructures from
Minister Miklés Réthelyi, President of
HAS Jozsef Palinkas and Lajos
Keszthelyi, Chairman  of the
Curatorial Board.
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HIGHLIGHTS

Graphene nanoarchitectures with zigzag edges on SiO
OTKA-NKTH grants 67793, 67851 and 67842)
P. Nemes—Incze, G. Magda, K. Kamaras, and L. P. Biré

Graphene has many advantageous properties, but its lack técairor@c band gap
makes this two dimensional material impractical for beinged in digital
nanoelectronics, for example field effect transistors dmital applications. This
problem can be circumvented by opening up a confinement inducechgaygtt the
patterning of graphene into ribbons having widths of a fewometres. The
electronic properties of such ribbons depend on their size andryistallographic
orientation of the ribbon edges. Therefore, etching procesds are able to
differentiate between the zigzag and armchair type edgenations of graphene are
highly sought after. Our group has shown for the first tinag¢ sluch a controllable,
anisotropic, dry etching reaction is possible and we useabtain graphene ribbons
with zigzag edges [98].

Using the carbothermal reaction of the graphene layddr the SiQ substrate itself
we can etch hexagonal etch pits into graphene layefsthe pit edges having zigzag
edge terminations (as revealed by STM investigation)inQurarbothermal etching
the carbon of the graphene layer edges reduces thes@iStrate material into SiO
itself being oxidized at 70%C in an argon atmosphere.

gt S T

Figure 1. (a) The result of AFM indentation: a 3x3 matrix of holes in graphene. (b)

AFM micrograph of the hexagonal holes grown from the defects induced by indentation.
Scale bars 500 nm. (c) The image shows a 3D AFM image of a graphene nanoribbon of
about 35 nm. The AFM height profile has been acquired at the place shown by green
arrows. The inset in the right lower corner shows a scheme of the corresponding atomic

structure. (d) The image shows a junction of 3 nanoribbons, with the ribbons having
widths of: 93, 100, 101 nm (starting from the upper left ribbon, going clockwise).
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We have also demonstrated that the starting positions farathen removal reaction
can be tailored at will with precision. The staring pointhaf carbothermal reaction
can be controlled by introducing defects into the graphene laye@reaplanned
locations. This can be easily achieved, by piercing the sudathe graphene layers
using an AFM tip (see Fig. 1a and 1b). Our etching technigaestsightforward and
powerful tool to tailor graphene layers in a crystallographjcatlented manner by
using the hexagonal holes as building blocks for more compégphgne structures,
such as graphene nanoribbons (Fig. 1c and 1d).

In collaboration with researchers from the Max Planc&titite for Solid State
Physics in Stuttgart, we have been able to measure tharRgmactra of the graphene
nanoholes with zigzag edges (Fig. 2), comparing theserapeith data obtained on
circular etch holes. The circular holes contain both aamchnd zigzag edge
terminations, therefore, the difference in the Ramsagectra (Fig. 2) is the first
experimental confirmation of the theoretical predictiongl@nabsence of the double
resonance scattering mechanism responsible for the sal @lpeak (1350 ¢ in
the Raman spectra of zig-zag edges [71].

The process described here shows great promise in theatidm of graphene
devices having zigzag edges, helping to unlock the experih@syact of a field of

Intensity (arb.units

PR 1 o W
1200 1500 2600 2900 12000 1504 2000 2900
Raman shift fcmi ') Raman shift (om™")

Irtensity (arb. units)

i | IR I T | e T . |
1200 1500 2600 2900 1200 1500 2500 2900
Raman shift (em ") Raman shift {om ")

Figure 2. Scheme of circular and zigzag edged holes in graphene. Raman spectra of a
graphene sample having round holes (upper panel) and hexagonal holes (lower panel).
AFM images of the positions where the Raman spectra on the right-hand side were
obtained (a, €). The Raman spectrum of a round hole has a strong D peak (b), whereas
the D peak for a hexagonal hole (f) is minimal and only slightly higher than the
surrounding bulk value (c and g).
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Synthesized view of nucleation and growth of elemental and
multi-component polycrystalline thin films

(Extended abstract of the plenary lecture presented at tH& ih8ernational
Vacuum Congress of IUVSTA, (Beijing, August 23-27, 2010) in the
occasion of receiving the Scientific Prize of IUVSTA)

P. B. Barna

Aspects and domains of research, development and production/applio& thin
films can be arranged in a so called “process chaioraing to their causal
dependence. This process chain holds for every material syatemproduction
technology. It clearly demonstrates that the study and uaddisg of the
mechanisms of structure evolution and their controllability leyptocess parameters
must be a key issue of our activity. Leaving this out of considerat.g.
investigating only the correlation between deposition parameted properties, the
achieved results can not be well founded.

sesnsnnsnnaeneeNNNeRERRRRRRRORRRRRRORRRRRREREEENY
) ’ y ] d ' 4
\L &&\L‘L ‘I‘ ‘)4
r i . r S r Py L Fy
ejegiegie . 1o e e R R
Figure 1 Growth of In films deposited on a-C substrate at®0in situ transmission
electron-microscope experiments a) nucleation, growth and coalescence of¢iystal
operation of co-deposited C as grain refiner additive : segregated C develops a 2D layer

on the surfaces, limits their growth and coalescence, while the encapsulatiomyftéhsc
by the 2D carbon layer leads to repeated nucleation
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Concept of the synthesized view of the structure evolution iscbas the following
conclusions: the building of the structure by atom-by-atom additiora iself
organizing process which is discussed in frames of fund@amngrhenomena
(nucleation, crystal growth and grain growth) as revedlgdthe early in situ
transmission electron-microscopic experiments (Fig. 1hes& fundamental
phenomena are related to thermally activated atomic pegegse surface and bulk
diffusion, atomic interactions on and with the surface. grosvth of thin films can be
described as a series of fundamental phenomena calledathevay of structure
evolution. The pathway includes also the competitive processgstalcand grain
growth) of randomly oriented crystals nucleated on the substrat

For contamination free, elemental thin films teanperature structure zone model
(TSZM) can be derived from constructing the pathway of struaumution in the
characteristic temperature range (Fig. 2). This modelritbescthe interdependent
development of grain size and shape, orientation of crygtsure) and surface
morphology as the function of temperature and thickness.

Functional thin films are multi-component systems and bmhatomic processes and
the fundamental phenomena are more complex and have det&enined for each
material system. Key issues are the understanding of theation and separation of
phases and their interdependent, competitive growth as well

In a two component system a stable single phase evolths dondensing vapour
beam corresponds to a stoichiometric composition (a stoichicnosempound forms
and grows) or the first nucleating phase can dissolve all posited species (a solid
solution forms). In these two cases the TSZM of an eleahéim (Fig. 2) is valid. If
the composition of the condensing vapour beam differs from ,tlee®ess species
appear either in the bulk (leading to supersaturation) or asraslain the surface of
the growing phase. These excess species are actingrassof a second phase.

ZONE 1. ZONE T. ZONE II.
random competitive restructuration
growth texture growth texture

MIMINTAA/ATTT TT T T ]

MM YT T 7T 77T T T T T T T T 17 T T 3
’ r a n d o m
nel 04 Zone T 0,3 Zone IT Ts/Tm

Figure 2 Derived temperature structure zone model of elemental polycrystdiimse fi
grown on amorphous substrate.

thikness

The structure evolution of the film can be described as tbetly of a single
supersaturated solid solution phase in the first case, whicHater undergo phase
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separation. While, in the second case surface excessespare involved in
interplaying competitive growth of the first and second phdB).3).

Excess species are built into the bulk of the growing filnenvsurface processes are
hindered e.g. by fast deposition rate. In this case phagsgasien will be initiated
when thermal activation/time for bulk diffusion will havéfeet. Nucleation of the
new phases occurs when the activation is sufficient fat. thNo activation for
nucleation is a precondition for phase separation when spin@t@mposition is
possible. In this case a special nanocomposite can fornespomding to the
morphology of epitaxially interrelated domains of different position but having
no phase boundaries between them (left side of Fig.3).

in growing bulk on growth surface
embedded kinetic segregation Concentration
supersaturated adatoms of excessive
» \ adatoms

increases

[ KINETIC SEGREGATION of excessive species by replacement

delayed nucleation

AR \—
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?zag/ e
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"

/ composm\f (O atoms of FIRST phase () excessive sp
_ . | 2"d phase
by nucleation by spinodal Lat steps delayed

decomposition .
omp A nucleation

I v
.7 “ﬁ“(:“(,?f‘_:. 7
& /i 7", on growth
- s e &£ %
&g a P

surface
During or post deposition ?

\ 4
MULTI PHASE SYSTEM

MULTI PHASE SYSTEM
|

Growth of supersaturated 15t phase

|
Competitive growth
of 1t & 2nd phases
Figure 3 Possible pathways for the formation dF phase.

The direct causal relations characterizing the prepawatructure evolution of thin
films are compiled in Fig. 4. An important part of Fig. 4hs illustration of theself

organizing nature of structure evolutiolt intends to show that the pathway of the
atomic processes and fundamental phenomena at any stagectirstevolution are

controlled by the actual structure of the growing surface, developdhe preceding
atomic processes/fundamental phenomena.
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STRUCTURE EVOLUTION @ texture, bulk & surface structure
interdependent growth of are changing INTERDEPENDENTLY
crystal & phases
grain size & shape
texture & surface morphology
self organizing process

CONCRETE STRUCTURAL CONDITIONS
0 in each moment of film growth

structural preconditions

types of crystal —p FORMING PHASES
structure(s) f

T THERMODINAMICS
Figure 4 The direct causal relations of process parameters, atomic processes and

fundamental growth phenomenaillustrating also the way of self organizing nature of
structure evolution marked by encircled arrows.

Based on this model it is proposed the study of some hot topicshikotietically and
experimentally (simulation and well controlled laboratory expents applying the
most advanced, sophisticated analytical methods) like:

- The surface processes&chemistry at atomic level anddbpindence on the
process parametefl8IC and MD simulation, complex analysis at atomic level
applying advanced analytical techniques).

- Dependence on the pathway of surface atomic processes and fatalame
phenomena on the surface structure, e.g. role of GB-s.

- The structure evolution in its entirety (in situ STM and TENperiments).

The author has benefited from decades of close collaborattbriate J.F. P6cza, A. Barna
and G. Radnoczi (MFA, Budapest), as well as continuous distigsswith M. Adamik, A.
Kovéacs and F. Misjdk (MFA, Budapest), late R. Manaila and é&éDyi (Inst. of Materials,
Bucharest), H. Bangert and C. Eisenmenger-Sittner (Tedhbigaersity, Vienna), J.E.
Greene and I. Petrov (University of lllinois) and L. Hultman (Linkdpimiversity)



Q¢
20 OMFAO

Nano hydroxyapatite and polymer based bio-compatible
nanocomposites

(Supported by OTKA BIOCER, TéT HU-Korea)
C. Balazsi, G. Gergely, M. Téth, I. Kulcsar, F. Wéber, I. E. Lukacs, L. lliés, A. L. Toth

Nanomaterials used in biomedical applications include nanolesrtfor molecules
delivery, nanofibres for tissue scaffolds, surface modificatimi implantable
materials or nanodevices, such as biosensors. The combimdtithese elements
within tissue engineering is an excellent example of great potential of
nanotechnology applied to regenerative medicine. One oh#ismaterials widely
used in tissue engineering is hydroxyapatite (HA).

Hydroxyapatite, Ca(PQy)s(OH), is chemically similar to the mineral component of
bones and teeth. HA is part of materials that are filedsis bioactive, meaning that
it will support bone in growth and osteointegration when useatthopaedic, dental
and maxillofacial applications. Coatings of HA are oftppleed to metallic implants,
especially stainless steels and titanium alloys to imprbgebtoactivity of surfaces.
HA can be produced from biogenic materials like coral, seagwgshell (Fig. 1),
body fluids and synthetic methods. Various techniques were developsyntbesis
of HA, based on solid state reactions, chemical precipitagiantions, hydrothermal
reactions, sol-gel methods and mechano-chemical methods theirtombination of
different calcium and phosphorus starting materials.

4
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Figure 1 Macroscopic Figure 2 SEM image of Figure 3 TEM image of HA
view of eggshell. HA produced from eggshell. produced from eggshell.

g ~ Hydroxyapatite may be employed in forms such as
l‘ powders (Figs. 2, 3), porous blocks or beads to fill bone
~= defects or voids. Elaboration processes of the HA have
been optimized, nanostructural HA has been achieved
by mechanochemistry method. New products, potential
tissue engineering scaffolds have been realized by
electrospinning (Fig. 4). Our laboratory started to study
, _ various kind of HA-polymer hybrid composites with the
Figure 4 SEM image of acéna\y,  equipment purchased by Ceramics and
tone — propanol HA fiber. Nanocomposites Department.
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Electrospinning gave a three dimensional arrangement of polymeton and
nanofibers. HA nanoparticles were dispersed in a polymerixmgig. 4). This
structure has high porosity and large specific surface, conshgueovides good
conditions for cell attachment, proliferation and spread®tg.ctural investigations
show that the distribution of the HA was homogenous andvheage fiber diameter
was very uniform: 300-400nm. The EDS spectrum showed the prestoedcium,
phosphorus, and oxygen (Figs. 5-7).

Figure 5 Cadistribution.. Figure 6 P distribution. Figure 7 O distribution..

In co-operation with Department of Materials Science &mjineering, State
University of New York at Stony Brook (USA), we developed artfidione tissue
scaffolds based on natural hybrids of cellulose acetate (GAhamo-hydroxyapatite
(nHA) in a bio-mimicking 3D matrix architecture using a singstep nano-
manufacturing technique. These scaffolds have been used fotrointvone
regeneration studies for up to 14 days (Fig. 8).

i

3

J £ o T o, e

Figure 8 SEM images at different magnification showing the cell morphologies on
scaffolds cultured for up to 14 days. Cell attachments are shown by yellow marks.

Osteoblasts grown on these scaffolds were found to intetemigly with the HA
nanoclusters that were uniformly distributed on the CA fibgngmoting cell
elongation, growth and phenotype retention. Hexagonalt@paystals were shown
to crystallize on the nHA seeds. The natural, open, hybrid n@wscaffolds thus
appear to be most promising bone repair agents.

In co-operation with Hallym University and Gangneung-Wonjuidial University
(Korea) we studied the bone regeneration of nano-hydroxyaaktA) derived from
eggshell with or without silk fibroin scaffold and compared @ tinfilled control in
the animal model (Fig. 9). nHA graft showed much more h@generation than
unfilled control in both -CT (micro computer tomography) analysis and
histomorphometric analysis (Fig. 10). All measured vagigldf the -CT analysis
showed that grafted groups (nHA and nHA+silk) were signifigahigher than the
unfilled control groups in both 4 and 8 weeks after operation (p<@t@Sstically
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significant value). In histomorphometric analysis, thass no significant difference
between groups at 4 weeks after operation. However, nHA group (4081571%)
was shown significantly higher bone regeneration compardtetainfilled control
(25.66 = 10.98 %) or the nHA+silk group (16.62 + 3.05 %) (p<0.05). nigfn fr
eggshell showed much more bone formation compared to unfiliedlot group in
both -CT analysis and histomorphometric analysis. Considehiagthe eggshell is
easily available and cheap, nHA from the eggshell candoel galcium source in

tissue engineering (Fig. 11).

Figure 9 -CT of rabbit
calvaria showing bone regene-
ration (the hole is filled with
new bone in the left side) in
only 8 weeks. Unfilled control
on the right.

experiments in that rats were usedCT results show that nano-hydroxyapatite

Figure 10 Histological findings at 4 Figure 11 Histol

In co-operation with Department of Human
Physiology and Clinical Experimental Research,
Semmelweis University (Hungary) we tested the
biological properties of nano-hydroxyapatite
(nHA)-zirconia (ZrQ) and carbon nanotube
(CNT) composites produced by spark plasma
sintering (SPS). Biological compatibility of the
constructs was tested by seeding human bone
marrow derived mesenchmyal stem cells onto
autoclave-sterilized composites and kept under
standard cell culture conditions. Cell survival and
proliferation was monitored for 18 days with
confocal microscopy. All of the observed
constructs provided suitable surface for cell
culture, however, in case when CNTs were
present in the mixture accelerated proliferation
was observed in cases of low confluency. In vivo

whi o

ogical findings at 8

weeks In nano-hydroxyapatite (nHA) weeks. A well organized lamella new

groups, nHA particles were

bony islands (markered) were formed in

agglomerated and formed calcification nano-hydroxyapatite (nHA) group.
nodule between loose connective tissue.
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In co-operation with Budapest Technical
University, we studied the bone (femur)
resistance to applied mechanical loads.
Introduction and comparison of material
models was also performed. We divided the
Figure 12 -CT of nHA incorporated bone to epiphysis region and corticalis region,
in rats (red area). and adopted to them the material models of

cortical bone, and spongy bone. Our results in Finite Eleealysis (FEA) show
that there can be big differences between bone answérads according to different
material models. Large forces effects the bone in vértitaction, but the vertical
displacement was not so significant comparing to the hosrkostlues, even the
horizontal forces were 15% of the vertical force. As resijlthere will be no higher
stress values in the implant then the limit value, thdbghradius of the implant has a
pronounced effect on the evolving stresses (Figs. 13 and 14).
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Figure 13 Stress field in different Figure 14 Results showing 65 MPa or
material models of bone. higher stresses near implant.

As resulted, the bone regeneration process should allow apjigidg to the bones
to assure building up a strong bone tissue. In the beginning ofetieneration
process the implant should take a larger load from the migging tissue, but by
time it would be better if the new bone is getting more enade load to prevent
osteoporosis. The ideal material of the implant is sinbilahe bone tissue, helps the
bone tissue to regenerate and after regenerationritatisates.
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NOTABLE EVENTS

According to the below registration displayed on the offigsiabsite  of the Hungarian
National Office of Accreditation (NATRhur ellipsometry laboratory(of the Photonics
Department)became an accredited Test Laboratotysing specially developed optical
models, the Laboratory offers services for partners in research and imdasdetermine
thin layer thickness with sub-monolayer resolution, as well as ®sasomposition and
surface quality of various materials. The offered services aseridbed in the leaflet
attached to this yearbook.

MiA KRISS

Joint Korean-Hungarian

Laboratory for Nanosciences

Rasearch Institutsfor Technical Fiysics Korea Regeaeeh Inpttte
i e i

Hngitan Mooy S I,

The official opening of thdoint Korean-Hungarian Laboratory for Nanoscience®mok
place on 24 October 2010.

The Hungarian and Korean principal investigators, Prof. Laszl6 P.Bir6 and Dr. Hwang
Chan-Yong introduce the graphene-project to Prof. Park Yong-Ki, the Vicelpnef
KRISS, Mr. Suh Chung-Ha, the Ambassador of the Republic of Korea in Hungary, Prof.
Min Dong-Pil , Chairman of KRCF, and Prof. J6zsef Palinkas, the President of HAS.
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Group photo taken in front of the main building of MFA after the offiojéning
ceremony of the Joint Korean-Hungarian Laboratory for Nanosciences at MFA.

In the centre of the front row Prof. J. Pélinkas, the PresidemAs, flanked by Prof.
Min Dong-Pil , Chairman of KRCF (left) and Mr. Suh Chung-Ha, the Ambassador of the
Republic of Korea in Hungary (right).

On 24 March 2010 Prof. Jézsef Palinkas, the President of the Hungarian Academy
Sciences opened the operation of toeth-wing of the MFA clean-room technology
complex in Building 29. Dr. Tsuneo Morita, the President of Tateyama Hungary
introduced the planned activities of the Tateyama Satellite Office in thisriguild
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In the audience the first row from left: Prof. Taméas Roska and Prof. Gadiier-Nyéki
(Pdzmény Péter Catholic University), Dr. Tsuneo Morita (Tateyama Huhgamy
Istvan Krafcsik (BudaSolar Ltd).

The representatives of the press and the President of HAS wferenéd about the
activities of the newhin Film Solar-Lab operated jointly by MFA and BudaSolar Ltd.
by Dr. Istvan Krafcsik.
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High School Relations

MFA always helps talented young scientists become the besiblgosn their
research area. Also, we realize the importance of tyeagation of natural sciences
to the wider public, especially to secondary school students. Sdédvike to give
them a chance to test themselves in science, well eo¢fer decision about their
future profession. For this purpose we organize open days (called Nyilt
Nap”) to show our laboratories to the general public, and a speciahce camp
(called ‘MFA Nyari Iskola ") for selected high school students coming from the
whole Carpathian basin. Even after these occasions we dbestito follow (and
help) their progress. We see education and learning mseanal process, and in this
spirit our most successful young researchers in the previousragemns are the
mentors of the next generation.

Not less than three young
scientists of the MFA were
awarded by the Junior
Prima prize during the last
few years in the fields of
electro-mechanics and
graphene!

Géabor Levente Péter
Vasarhelyi Tapaszté Nemes-Ince

Open Days of MFA

Our open days are more and more popular, so besidsfithe! one (held at 12
November 2010) we organized several more for larger groups of studemntghe
high schools Deak Téri Evangélikus Gimnazium, Kérolyi Ist@imnazium, and
Ledvey Klara Gimnazium - to name a few. Being a multiigigwary research
institute, we have exciting laboratories to display for almogbody!

Also, heartened up by the success of the last year's ificisteeches, we delivered
even more of them on various subjects from the evolution of mhsiztigh the
guantum mechanical tunneling effect to nanotechnology (below).

From left: Zoltdn Juhasz, Gyorgy Szabd, Géza Istvan Mark, Janos Volk, Istvan Barsony
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MFA summer camp for high school students:

Between June 21-25, 2010 we organized this program already 8 ttime,
under the mottoLet’s learn from each otherl(organized by Csaba Sandor
Dar6czi). There were abou®3 scientific themes offered to the
students , and later to work on them under the guidance of our colleagues.
From the Hungarian speaking applicants 23 were selected. fMly financed

their participation (travelling, subsistence, evening sogragrams, etc.). Our
students looked very busy in the working hours, and happy during thel soci
programs, or both .
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Who said that science is boring?!?

Several of our summer camp students already wrote theirsfirsitific articles
about the work they had done at MFA, in the periodical ,Eletu®many”
(Adam Benedek [15], Kata Ferenc [33], Agnes Klsz [75], An@iason [119],
Réka Tuza [146].) We also know (from first hand), thatesithe appearance,
there are more regular readers of the ET in their schools
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SCIENTIFIC REPORTS
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Nanostructures Department

Head: Prof. Laszl6 Péter BIRO, D.Sc., scientific advis

Research Staff Ph.D. students / Diploma workers
. Zsolt Endre HORVATH, Ph.D., - Gergely DOBRIK, Ph.D. student
Deputy Head of Department - Péter NEMES-INCZE, Ph.D. student
- Prof. J6zsef GYULAI, Member of the - Péter Lajos NEUMANN, Ph.D.
HAS (Professor Emeritus) student
- Antal Adolf KOOS, Ph.D. (on leave) - Bernadeth PATAKI, Ph.D. student
- Géza Istvan MARK, Ph.D. - Istvdn TAMASKA, Ph.D. student

. Zoltan OSVATH, Ph.D. (on leave) - Péter VANCSO, Ph.D. student
. Levente TAPASZTO, Ph.D.

. Krisztian KERTESZ, Ph.D - Gabor MAGDA, diploma worker
- Enik HORVATH, Ph.D (maternity) - Vince OBRECZAN, diploma worker
. Zofia VERTESY, Ph.D. - Gabor PISZTER, diploma worker

Technical Staff
. Zoltanné SARKANY, technician

The Nanostructures Department has an almost two decadestisexp@ the
production and characterization of various nanostructurescémtrgears in the focus
of work were various carbon nanostructures (CNTs, graphenesanidyer graphite)
their nanoarchitectures, bioinspired photonic nanoarchiestand applications of
these nano-objects in various fields in nanotechnology, restohics, sensorics and
environmental protection. The most relevant results in 204 @detailed below:

We showed that the color changes of various lepidoptera wings ater wapor
condensation, is useful in the identification of the wingdored by photonic
nanoarchitectures. Possible applications were identifidgsplay technology.

Using FIB nanomachining and controlled oxidation we produceddpoed photonic
nanoarchitectures from graphite.

Combining experimental data and modeling we explained the vaspect of the
silver butterflyArgyrophorus argenteus

The gas/vapor sensing properties of individual MCNTs and SWGCHpESr were
compared with the behavior of random mats of the same alatefihe data indicate
that the sensing of mats is dominated by the intertube d¢sntac

In the time sequence of charge spreading in graphenevigenced two distinct
regimes: the first is dominated by molecular spreading, latex stage switchover
takes place to preferential spreading along the zig-zagiidine.

Successful experiments were carried out to combine electron liteagraphy with
the carbothermal etching (CTE) of graphene developed by us.

For more details, please feel free to visit the web pafgehe Nanostructures
Department (linkhttp://www.nanotechnology.hu/ ).
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Colour changes on cooling of Lepidoptera scales containing
photonic nanoarchitectures

(OTKA-NKTH K067793)

I. Taméaska, K. Kertész, Z. Vértesy, Zs, Bélint (HNHM, Hungary), A. Kun (HNHM,
Hungary), S-H. Yen (LNRC, Taiwan), L. P. Biro

The colour of butterfly wings may be produced by light absorbing pigments
(chemical colour) or by photonic crystal type nanoarchitecturait of two
components: chitin and air (physical colour), eventually byctmbination of these.
Most butterfly wings are hydrophobic, this prevents water to tmeeinto the
photonic nanoarchitecture. We presented a simple methatg asrefrigerator, to
avoid the hydrophobic effect and to observe the colour change offlgteoloured
by nanoarchitectures (Fig. 1). This method can be usedttedsty if the butterfly
has photonic crystal type structures or not. It was also rshibat when water
condensates into the structures, the wings become softhiedllows to set the
collected butterflies easier and faster than the technigenonly used today.
Detailed spectroscopic experiments were done in a comptaibng cycle (dry
status, below the dew-point where condensation can begazjrige melting and the
evaporation process (Fig. 2)). The experiments were done Pelti@r cooler to
ensure the controllability. It was shown that the duratibe@ magnitude, and the way
in which colour change occurs, is specific for a certamcture (species) but small
variations may occur from individual to individual.

Figure 1 Butterflies cooled in the refrigerator. a), b), ¢) are species with, and d) withou
photonic structures in their scales. The colour change can be seen on butterflies with

photonic nanostructures. Under identical conditions the butterfly coloured by pigments
d) did not change colour.
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Figure 2 Spectral measurements onthe  Figure 3 The time dependence of the

blue (dorsal) surface of the wings of reflection maximum shift. The cooling
Cyanophrys remus butterfly when cooling was turned off at 350 sec. for Morpho
them. The numbered curves show the aega and Polyommatus daphnis, and at

stationary reflection maximums in various 400 sec. for Cyanophrys remus. The
stages: 1.dry status; 2.: condensation; 3.: reflectance of the curves was normalized
freezing; 4.: melting; 5.: evaporation to see the relative change.

processes.

Figure 4 The
butterfly Callophrys
rubi was placed onto
cooled wires that
were used to form
characters (a). After
1 minute (b) the cold
wires cool the area
around them where
the condensation
can begin.

Different butterfly wings exhibit differences in the time
elapsed from starting the cooling till the colour change is
clearly observed. This can be explained if the differentes
the nanoarchitectures generating the colour are taken into
account. A longer time is needed for the penetration of the
air carrying the water vapours into a more closed structure.
The colour change of the examined species lasts from a few
seconds to even a minute. The shifts of reflectance
maximum of the spectroscopic measurements were studied
in detail (Fig. 3). Although some difference occurs, the
shape of the curves in samples from one butterfly specie is
very similar. Repeated cooling cycles were also done to
examine the long term behaviour of the wings. The colour
of the wing during the cycles was slowly faded, because
chitin slowly absorbed the water in the structure and
became softened. Drying the samples for a few days fully
restored the initial conditions of the wings.

If local cooling is provided, for example by thin copper
wires, it is possible to “write” on wings possessing
structural colours (Fig. 4). This may open up new ways for
producing large size flat panel displays operating with
photonic nanoarchitectures like those occurring in butterfly
scales.
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Bioinspired photonic nanoarchitectures from graphitic thin
films

(OTKA-NKTH K067793)

|. Tamaska, G. Dobrik, P. Nemes-Incze, K. Kertész, E. Horvath, G. |. Mark, T. Jaszi,
P. Neumann, Z. E. Horvath, and L. P. Bir6

Graphite is a well known material, graphitic samples loa produced at low cost by
exfoliation or by chemical vapour deposition. It is black whiakans it absorbs any
stray light without the need of any absorptive pigment that mayebded to enhance
the color arising from the structure. Bioinspired, regulagctangular (with
periodicities of 600 nm and 700 nm), and random (with averageaathastic
distances of 600 nm and 750 nm) two dimensional (2D) photonic rdhiteatures
were produced in graphite. Similar to the structures thag Weernd in a Taiwanese
beetle:Trigonophorus rotschildi variang he random pattern was derived from a two
dimensional hardcore model, by randomizing the arrangemergpléres with
uniform radius on a plane.

Focused lon Beam (FIB) nanomachining was used to creaephtierns with a well
focused Gh& ion beam, then the diameter of the holes was increasedbury
subsequent controlled oxidation steps in 650°C. It is worth poirdrtgthat an
extremely thin layer (60 nm) is responsible for the color geiae.

Figure 1 T-AFM images of the larger Figure 2 Optical micrographs of the
regular pattern square (rectangular group of four patterned squares (left:
arrangement of holes with lattice rectangular arrangement of holes with
distance of 700 nm) after different tech- lattice distance of 700 nm and 600 nm,
nological steps: (a) after FIB etching of right: random arrangement of holes with
holes (b) after the 1st oxidation step, average hole distance of 750 nm and 600
(c) after the 4th subsequent oxidation nm) at different angles of illumination with
step, (d) after the deposition of 90 nm respect to the sample normal (angle

thick conformal alumina layer by ALD.  and rotation with respect to the rows of the
Scalebar: 2.5 pm. regular pattern (angle ).
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After oxidation the patterned structures show different eolor off-specular
geometry that depend on the illumination angle, the peri@aneter and regular or
irregular arrangement of the holes (Fig. 1) while thgulle patterns exhibit strong
angle dependence, the random ones have fairly constant wad@r the various
illumination conditions. Under the same illuminatiordaybservation conditions the
random patterns show a significantly weaker dependence abtbe on the average
periodicity of the pattern as compared with the regular sgpateerns. Another
difference is that when the angle of illumination wiaed and the sample was rotated
in its plane, the colors of the regular patterns showargel variation, the random
pattern exhibit a remarkable constancy in color. These tgesidarly show that
random two dimensional nanoarchitectures may find application achieving
structural colors which are not dependent on the directionllurhination and
observation, or present only a moderate angular dependence.

A further possibility for the tuning of the color of the namddtectures is given by
depositing conformally thin films on the nanopatterned sarfdéirst simulations
were carried out to estimate the effect of various layeknbsses. In the simulations
only a 2D model was used, a 70nm blue-shift was found with 90nmrauayer in
agreement with experimental data by the conformal depositi®® afm ALOs; with
Atomic Layer Deposition technique (Fig. 2).

Figure 3 (a) Spectroscopic microreflectance spectra of the rectangular patterns with
lattice distance of 600 nm and 700 nm after th@xidation step and after the sub-

sequent alumina deposition (angle of illumination 45°, the optical axis of the microscope
is perpendicular to the sample surface). In the gray region the absorption on the optical
elements of the microscope renders meaningless the measured data. (b) Numerical
simulation of the reflectance spectra with the same geometry using a 2D fiféterdie
time-domain (FDTD) method. Inset shows the applied model sample geometry.
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Silver color production by a novel biologic nanoarchitecture
(OTKA-NKTH K067793, EU7 BioPhot-12915)
G. I. Mérk, K. Kertész, Z. Vértesy, Zs. Balint (HNHM, Hungary), and L. P. Bir6

Metallic silver and gold appearance is sometimes se@s@tis. At a first glance this
may be intriguing as their wings and elytra are constitutedhiin, a transparent
biopolymer. The structure behind the silvery aspect of beetlgsbmaa so called
“chirped” multilayer. When the multilayer periodicity is notifenm, a broadband
reflection may occur. The total thickness of the broadbanectefiis 10 m or more
in these systems. Silver and gold colors are rare in BigtserThe South Andean
butterfly Argyrophorus argenteus, Fig. 1, however, has allicesilver appearance.
As shown on Fig. 2, its reflection is unsaturated, indepghdef the direction of the
illumination. Butterfly wing scales, however, have a ladithickness, in the range of
1 m. Hence the broadband reflection can not be produced by aitabischirped
multilayer.

Figure 1 Dorsal wing surface of an Figure 2 Photograph with changing

Argyrophorus argenteus exemplar illumination direction. The light source is
moving along a horizontal semicircle and
the camera is fixed

The silver reflectance in this case is produced by an ¢ptaraarchitecture where
the lattice periodicity is varying laterally. As seen he toptical micrograph of an
individual scale, Fig. 3, there are strips parallel to fildges and the strips are
composed of sections with different colors. The net effecthese microscopic
sections gives a broadband reflectance. Based on the SENVEM images of Fig. 4

each scale is composed of long channels. Each channelnsoatdiasal chitin sheet
and a roof like upper chitin sheet. We model the scale steuetith two dielectric

sheets of n=1.56 + 0.06i index of refraction (chitin). Becaafsthe small thickness
and the small index contrast we can utilize First Boppraximation. The total

electric field reflected by the two chitin layers is giygy the Fresnel formula as:
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E;"t:Ein(tt're'ik(zc"z')+tt'tr'e‘”‘(4d'2')), where Ej, is the electric field of the

incoming light,t andr are the transmission and reflection values at thehgin
interface and’ andr’ are the transmissions and reflections at the chitimterface,
d is the thickness ands the distance of the chitin sheets.

Figure 3 Optical micrograph of Figure 4 Scanning- and transmission
individual dorsal wing scales. “bxc” electron micrographs of a dorsal scale
denotes the region where scales b and ¢ (Fig. a, and b, respectively)

overlap. Length of the scale is 20&

Reflectance spectra calculated from the First Born Appratton are shown on
Fig. 5. Next we calculated the reflected colors in the 1931 colour space, Fig 6.

Figure 5 Calculated reflectance spectra for Figure 6 Reflected colors of the two

different layer distances. Black corresponds chitin layer model in the CIE 1931

to zero intensity and white to maximum colour diagram for several layer

intensity. The colour bar on the right shows distances. The black dot denotes the

the colors calculated from the spectrafor  calculated colour

the different layer distance
The experiments and model calculations show that in &néds of only 1rmm,
natural evolution, using very different “design principles” thamman technology,
has created a very efficient chirped mirror which gemsrailver aspect under any

angle of observation.
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Charge spreading in graphene
(OTKA-NKTH K67793)
G. |. Mark, P. Vancso, Ph. Lambin (FUNDP, Belgium), and L. P. Biro

The exponential decrease of physical feature size of sibesed integrated circuits
over time is expected to reach a physical limit in somesydgane of the promising
candidates to exchange silicon is graphene. It is a tone-thick sheet of pbonded
carbon atoms arranged in a honeycomb lattice. Graphene fésedif from the
semiconductor materials commonly used in microelectronicguse it has a linear
energy dispersion relation near the Fermi level. The-taeBermi-energy behavior of
graphene has been extensively studied in the recent yhametically and
experimentally. Less is known about the high excitatiorrgyneange when E+E>
leV. Electron beam splitting, collimation, and beam-guidingalabe realized in the
hot-energy region, where the dispersion relation, wisclsotropic near the Fermi
energy, becomes anisotropic.

By using wave-packet dynamical simulations, we demonstraie thie electronic
wave packet, when tunneling from a sharp STM tip into tlglwne sheet, selects
higher energy states, the lower energy components mayl toaneie into the tip. The
geometry of the wave packet transport calculation is showigirl. We modeled the
graphene sheet by a local one electron pseudopotential dbtigmatch the ab-initio
band structure of the graphene sheet as best as pos$ibI&TM tip is represented
by a jellium background model. The tip is taken as a hyperboloid ofhd.&apex
radius and 15° aperture angle. The jellium potential is zersideuthe effective
surface of the tip and -9.81 eV inside. A Gaussian wave pahejected into the
graphene sheet from the simulated metallic STM tip w&ntral energy &

Figure 1 Model geometry of the STM tip Figure 2 Grayscale image of the 2D

— graphene system shown by the -2.7 eV cross section of the potential. Black

equipotential surface of the potential. (white) denotes negative (positive)
potential values.
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t =0.00 fs. Initial Empty graphene  t=2.45fs. Note WP spreads along
WP in tip bulk sheet the interference the C-C bonds

patterns in tip

bulk and apex

regions
t =1.22 fs. WP WP already t =3.52 fs. Switching of the
enters tip tunneled onto Retraction into spreading
hyperboloid andis  graphene sheet. tip bulk. direction from that
reflected from tip WP appears on Interference corresponding to
surface into tip the central patterns the C-C bonds to
bulk hexagon disappear that determined by

the band structure
Figure 3. Selected snapshots from the time evolution of the probability density of wave

packet shown as color coded 2D sections. Left hand side images are XZ (vertical) 2D
sections, right hand side images are YZ (horizontal) sections

Fig. 3. shows the details of the time evolution of the wawkegta As the wave packet
reaches the tip apex from inside the tip bulk, it beginsutmel onto the central
hexagon. Then the wave packet begins to spread on theegepheet along the C-C
bonds, in hexagonal symmetry. At t = 3.14 fs, the directibrihe spreading is
changed. Further spreading occurs along theK&irections of the Brillouin zone.
Spectral analysis of the spreading state shows a largegpeand E+2.5eV. For a
sharp tip the width of the tip-sample tunneling channepjgr@&imately 0.1-0.2 nm.
From the uncertainty relation we obtain an energy uriogt@ eV, which explains
the appearance of hot carriers. In summary, our simulasibo that it is possible to
inject hot carriers into a graphene sheet by the utdizaf a localized contact. These
hot carriers cause an anisotropic spreading of the elactwamie packet along the
zigzag directions. By patterning the grapheme sheet spiecific ribbons and
junctions it is potentially possible to build all-carbon nandetexc circuits.
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Comparison of the chemical sensing properties of individual
carbon nanotubes and their mats

(OTKA T049182, OTKA-NKTH K67793)
G. Dobrik, Z. E. Horvath, V. Obreczan, P. Neumann, and L. P. Bird

The electronic structure of carbon nanotubes (CNT) is varyitse to the chemical
ambient. Transport in CNT is dominated by delocalizeelectrons located outside
the plane of the carbon-carbon bonds. Therefore, interabsbneen CNT and
ambient molecules is usually strong enough to modify the refect transport,
molecules adsorbed on CNT surface act as scattering cengsphenomenon is the
basis of the chemical sensing properties of CNT. Howeveil, €&hsors in practice
are usually made of CNT mats because they can be prepared east by
conventional methods and tools used in a basic chemical labygratile contacting
individual CNT is very labor-intensive and needs special nanotdegy equipment.
Mats can be regarded as random networks of CNTs. Thesptetnproperties are
determined by both individual nanotubes involved in the network an€CMiT-CNT
junctions. In this study, we compared the chemical semsoerties of two different
CNT materials in individual and mat form in order to estertiie contribution of the
CNT-CNT junctions to chemical sensing. We prepared resisglements of
individual CNT and CNT mats of the same origin and comparedetfect of gas
ambient change on them. Two types of CNT were used, an &isgpumiltiwall CNT
sample grown by CVD and an arc-grown single wall sampletfonalized with
carboxylic groups, here the SWCNTs are assembled in bundldssavwles were
prepared by filtering CNT suspension through a polymer membrigme fihe CNT
mat self-assembled on the filter was contacted by evapomgidgthrough a simple
mask on 2 smaller areas on opposite sides of the round shapeBomabntacting
individual CNTSs, diluted suspensions of them were spin-coated avkerh Si/SiQ
substrate.

200nm

Figure 1 Tapping mode AFM images of SWCNT bundles a): as deposited on marked
SiO2 substrate, b): the same area after contacting one of the bundles with two Cr-Au
electrodes prepared by e-beam lithography.
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Atomic Force Microscopy (AFM) was used to locate a few sepéiraanotubes or
bundles on the surface. Contacts were deposited on them ustagdard electron
beam lithography process. Electrodes were prepared from 5 cknGhiand 35 nm
thick Au films. Fig. 1 shows AFM images of a SWCNT bundléle (left) and after
(right) contacting. Responses on six different vapors (ethacetpne, toluene, acetic
acid, chloroform and water) diluted in pure nitrogen gas wweterded. A few typical
response curves are shown in Fig. 2.

Figure 2 Comparison of relative resistance responses of random network (a: SWCNT
network, -COOH functionalized, c: MWCNT network, as purified) and individual CNT (b:
single bundle of the same material as a, d: individual tube of the same material as c)
sensors on chemical ambient change: pure nitrogen flow was changed to acetic acid vapor
(a and b) or acetone vapor (c and d) at 100 sec and changed back to nitrogen at 300 sec.

We used much lower measuring current in case of individual @NEh led to

higher noise levels (see Figs. 2b and d) but it was requirptet@nt their damage.
Disregarding the noise, we found substantially different behasfi the individual

and mat samples. The increase of the resistance wass/edbsa case of the mat
samples for all the vapors, while some of the individual sampiibited opposite
behavior to their mat counterparts. This finding indicates tiie role of CNT-CNT

junctions in chemical sensing of CNT mats is more immbrthan it has been
supposed. We are planning further investigations of tHis titeclarify the details.
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Graphene nanopatterning with EBL and carbothermal etching
(OTKA-NKTH K67793)

P. L. Neumann, E. Tovéari (BME), S. Csonka (BME), P. Nemes-Incze, Z. E. Horvéth,
and L. P. Bir

Being a zero gap semiconductor, graphene is not suitable fparpt®n of FET
devices because of the missing “off” state [A. K. Geid KnS. NovoselovThe rise
of grapheneNature Materials 6 (2007) 183.]. A straightforward way to aweee this
is to cut ribbons of a few nanometers width with controllddeeorientations. In a
previous paper, we showed that carbothermal etching (CTE)q@8liseful technique
to make preferentially zigzag oriented ribbons or other faomat(SET, Y branch,
spin device, etc.) with various sizes. This method was basedhe controlled
oxidation of graphene in inert atmosphere, where the esxygpurce is the SO
substrate. Oxidation takes place at defect sites, includengdges. Defects produced
by AFM indentation were starting points of the formatiorhekagonal holes with
uniform size.

Figure 1 AFM images of a patterned graphene flake on Si/SiO2 substrate:
A) after Ar/Q plasma etching; B) after annealing in Ar atmosphere at 300°C;
C) after annealing in air at 300°C).

In the present study, we applied electron beam lithograpBi)(llowed by GQ/Ar
plasma etching for patterning. These methods are moretiedlgcapplicable for
patterning larger areas but the applied processes can moglifutface chemistry of
the samples causing unwanted side effects. Covering thplesavith PMMA, the
required patterns were shaped by electron beam lithograpéyplasma with suitable
composition is able to etch the graphene without damagedPMMA mask layer.
The plasma etched areas show protrusions (white spots onidkgNe, Fig. 1A)
thanking presumably to redeposition of resist material damagedhdyplasma
treatment. Annealing at 300 °C in inert atmosphere producedlithimation of this
residue, besides the decoration of the edges of the plasatedtr@reas with dust
particles (Fig. 1B), connected presumably to the dangling bondher defect sites.
Annealing at 300 °C in air led to the increase of the dustat (Fig. 1C).
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The extended defect sites prepared by the above described pranebs starting
points of oxidation in CTE process, similarly to the ones pezhaby AFM
indentation.

Figure 2 AFM images of a patterned graphene flake (brighter area) on Si/SiO2
substrate (darker area): A) initial state; B) after tailoring process. Thetishows
higher magnification image of the marked region. The holes in the graphene are
brighter.

A mechanically exfoliated graphene flake shown on Figwa& patterned with EBL
and plasma etching as it was previously described. Two patieictures with holes
in triangular and one in rectangular lattice arrangemene shaped (Fig. 2B bottom
and middle). The lattice constant was 300 nm. The blue tneBig. 2B show the
feasible lattice orientation of the hexagonal graph&inecture. Fig. 2B shows AFM
image of the shaped sample after a 4 hours annealing at IO@P@tmosphere. The
inset of Fig. 2B shows a higher magnification AFM imagh enlarged holes. The
average hole size was found to be 200 nm after etching. lRispthe etching speed
can be estimated as approx. 20 nm per hour. The produced holesvhaf@m but,
in some cases, polygonal edges parallel with the feasiltieel orientation can be
recognized.

We expect that the edge quality can be improved by more effectiveval of
contaminations.
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MFA is involved in the NANOMAGDYE (EU FP7) project withehaim to develop
tailored biocompatible magneto-optical nanosystems and to apply ithemdical
practice. A magneto-optical probe is being fabricated for ongologging. In the
project, MFA's role was to develop a magnetic sensing sysagable of indicating
the presence and distribution of the submicron sized magpaticles. The real
challenge of the detection was the very low concentratiorthef accumulated
particles in a typical lymph node. Novel Fluxset sensor armdretécs was developed
to detect even 0.7 mg of magnetic particles with 2.5 mm gbitbiee.

A phase shifting optical waveguide interferometer, thecal®d Grating Coupled
Interferometry (GCI), was demonstrated for label-freenegaent wave biosensing in
aqueous solutions. The sensitivity of the instrument for bullactfe index was
proven being below 10 The high phase resolution allows the detection of surface
adsorbed molecule densities below 1 pgfrmithout using any labeling or on-chip
referencing.

In Bioellipsometry we have made a significant progress by devglamw optical
models and flow cells, as well as investigating the adsorpin different substrates,
building a new measurement tool combining spectroscopic ellipsoredingrating
coupled interferometry, and creating 3D structural and kinetidels. We have
developed numerical models in MATLAB programming language tooviolthe
structural change of the flagellar filament structure duaidgorption.
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Magnetic Adaptive Testing (MAT) is a recently developed nondetite magnetic
measurement method, which is based on systematic meastranteevaluation of
minor magnetic hysteresis loops. Very good correlation was fdatdeen the
optimally chosen MAT parameters and the independently meastited quantities
(Brinell hardness and conductivity). MAT seems to be a godthadefor replacing
the destructive hardness measurements by nondestructive imaggesurements.
Makyoh topography is an optical tool for the qualitative flatressing of specular
surfaces, based on the defocused detection of a collimateddight reflected from
the tested surface. Based on our earlier work, a generaiedel of the sensitivity of
Makyoh topography was developed for a general surface model, imglwition
physiological effects. The model gives the amount of obsergattast for periodic
surface morphology and isolated defects.

We are involved in two “National technology development” prgjetibevelopment
of integrated process monitoring metrology for the 32 nm tecpyotmde of IC
processes” and “Development of metrology tools based on edctai@ optical
techniques for in-line and laboratory qualification of thin fdolar cells”

Since January 2010 the Ellipsometry Laboratory of MFA is workimging to ISO
17025 accredited by the National Accreditation Board. Furtherilgletbout the
laboratory can be found under http://www.ellipsometry.hu. Joinech iotarnational
consortium in frame of the ANNA project (http://www.i3-armay/) the Ellipsometry
Laboratory provided in total more than 100 units (days) of traioswataccess
(http://www.i3-anna.org/context.jsp?ID_LINK=2&area=8) toe tlinfrastructures of
ellipsometry and Makyoh topography. Based on the Transnatideedss projects
and on the Joint Research Activities the Ellipsometry Laborahad almost 40
presentations or publications from the ANNA cooperations dufhiagfour years of
the project.

MFA is involved in a multidisciplinary research project (imtihg photonics,
microfluidics, biochemistry and materials science) calR2SENS (www.p3sens-
project.eu ) which is funded by EU. This Pan-European coopeitias to develop
high-performance, multichannel optical biosensors for they edetection of brain
diseases (for instance, to prevent the occurrence of igclimmage as a result of
stroke) from human blood. Among many other tasks MFA functipeslthe photonic
biochips with appropriate surface chemistry and tests tlapt@cperformances by a
high resolution label-free optical biosensor called OWLS i@@pt Waveguide
Lightmode Spectroscopy).

New patent measuring arrangement and technique to measurd&i@spilmating on
liquid surfaces, especially for water wells was filddétési elrendezés és eljaras
folyadékfelszinen Usz6 szenngigsek kimutatasara, eklsorban monitoring
kutakhoz Racz Miklés 35%, Barsony Istvan 10%, Hamori Andras 15%, Hidasi
Janos 10%, Makai Janos 15%, Serényi Miklés 15%. Szabadalmi KOA&n
Védjegyértesit, 2010. 8. szam, Il. kotet. 2010, aug. 30.
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NANOMAGDYE
Magnetic nanoparticles combined with submicronic bubbles
and dye for oncologing imaging

(EU FP7 — GA No 214032)

G. Vérntesy, and A. Gasparics

The objective of NANOMAGDYE project is to develop tailored biopatible
magneto-optical nanosystems and to apply them in medical graétianagneto-
optical probe is being fabricated for oncology imaging. Combining aptnd
magnetic labeling techniques into a single biocompatible nanosysitt provide
increased spatial resolution and will avoid currently used mmisadiation based
method in order to improve patient safety and medical effeesgethis way.

In the framework of the project MFA has the role to developable magnetic
sensing technology for indicating the presence of the submisized magnetic
particles. These iron-oxide based particles are close toalfeady in) super-
paramagnetic state due to their dimension. However, tht dkallenge of the
detection is the very low mass of the accumulated particlastypical lymph node.
Novel Fluxset sensor based method has been used to detectrtiblespavith
acceptable signal/noise ratio. Fluxset sensor is a highitisity magnetic field
sensor, developed formerly in MFA, and in this applicationstesor is assembled
into a measuring head, which generates AC exciting magineld. The response of
magnetic particles to this field is detected by magnetid fineasurement.

Magnetic probe response over samples Chl - Ch7
Lif-off=2,5mm

—— Ch1(2,72 mg)
0,154 ——— Ch2 (0,7 mg)
Ch3(7,11 mg)
—— Ch4 (13,53 mg)
0,13+ Ch5 (1,24 mg)
——— Ch7(0,15 mg)

> 0,12
g 0,11
E 0,10
g 0,09 Y . . .
5 o Figure 1 Detection of magnetic
g oor] particles by moving the probe
© oos] over samples containing

0 2 o o o 20 different amount of

Position of the probe [mm] ferromagnetic particles.

In the first year of the project a magnetic probe hasadyrebuilt and tested, with
satisfactory results. To improve the sensitivity of the magm@obe, an improved
version of the device was designed and built. In this verseem#dygnetic excitation is
performed by two coils and the magnetic sensor is balancederethe two exciting
coils. Such a way significantly higher sensitivity cand&ched. The result of the test
measurement is given in Figure 1. The magnetic probe wagdnover the sample
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holder capsules containing magnetic particles according tedheme of Figure 1

and the output signal of the probe for several different sangplgisen. As it can be

seen on the Figure, even 0.7 mg of magnetic particles cdatbeted with reasonable
signal/noise ratio with 2.5 mm lift-off of the probe.

In order to obtain signal to be evaluated from the magnetic ped@onse, signal
processing chain is also needed to be established. This progesses the electric
signal in both directions. In forward direction it genesatexciting signal and
magnetic field for exciting the target magnetic nanopaesi to be detected, as well
as, for the operation of the applied Fluxset sensor. In badksieection the Fluxset
sensor output is processed in two phases: first the sensomupickgnal is
demodulated by the Front-End Electronics and analogue sigmabls response is
produced which is proportional to the actual value of the measaitechating
magnetic field. Following that the parameters (like amplitadd phase, or real and
imaginary part of its complex representation) of this demoedlasignal is
determined by the Digital Signal Processing (DSP) modulall¥#jnthe DSP provides
analogue output according to the requirements of final prheggdication.

The magnetic probe together with DSP module is shown in éigurThis is the
complete unit, which is ready for in-vivo measurements oflsaméials.

Figure 2 The magnetic probe and the digital signal processing unit.
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Nondestructive characterization of cast iron by Magnetic
Adaptive Testing

(OTKA K62466)
G. Vértesy

Cast iron is one of the most frequently used industrial cotistrumaterials. Low
cost of production, good machinability, and excellent possibiltkshaping the
details by casting bring about an intense interest of indu3tne cast irons are
generally many-component alloys of iron with large content cafbon. The
mechanical properties are fundamentally dependent both on tiex arad on the
graphite, its shape, size and density. There is a sttengand from the industry to
develop reliable, fast and simple ways for non-destructiveactexization of this
common and frequently used type of structural material. Iprisgent work Magnetic
Adaptive Testing (MAT) has been applied for a special sarfeductile cast iron.
MAT is a recently developed nondestructive magnetic measuranathod, which is
based on systematic measurement and evaluation of minor mdgyseresis loops.
It has been shown previously that this method is significanbre helpful than that
of the traditional major loop studies.

Four staircase-shaped block specimens with 5 steps eaelpregrared, as shown in
Fig. 1. Pig iron, ferrosilicon (Fe-75%Si) and commdrpiare iron were used as raw
materials. The melt was cast into shell moulds witlircstae shape, and different
thickness of each step brought about difference in coolingduatag solidification,
which led to different matrices and graphite sizes.

Figure 1 Staircase-shaped
specimens of cast irons

The amount of ferrosilicon and of commercial pure iron inrtiedt was controlled, in

order to get different carbon equivalents, C (mass%) +1/8&$$%). The targeted
carbon equivalent of sample 1 was set to a low value (3.7), in rd@ave cementite
(ledeburite and free cementite) in the matrix. Theetad) chemical compositions of
samples 2, 3 and 4 were the same, but they were given diffegat treatments, in
order to have different matrices. Sample 2 was normalizedydtiing a pearlitic

matrix: it was reheated up to 1173 K in an electric furnkept there for three hours,
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and then cooled in air. Samples 3 and 4 were annealed émediff ways to have
ferritic matrices. Both samples were reheated up to 11#3af ielectric furnace, and
kept there for three hours. After that, sample 3 was caoldw furnace down to the
room temperature, whereas sample 4 was cooled down to 1048 Kfinrrieee and
then brought out to air. The correlation of the nondestrugtiveéasured MAT
parameters with the destructively determined Brinell hesdnand also with the
electrical conductivity of samples was studied.

Figure 2 The optimal MAT parameters Figure 3 The optimaMAT parameters
vs. Brinell hardness. vs. Conductivity.

Very good correlation was found between the optimally chosen ld&ameters and
the independently measured other quantities. In all casesliBrardness and MAT
parameters correspond to each other very well, linear cioorelaas found between
hardness and the properly chosen magnetic descriptors, as §hdvwig. 2. The
presented relationship was found if all the samples (witifierdnt chemical
compositions and preparation conditions) were considered doevaluation. A very
good correlation was also found between the MAT descriptorsamdictivity, but
in this case the samples with different chemical contipasishould be handled
separately, as can be seen in Fig. 3. The optimally chivt®h descriptors of
samples 2, 3 and 4, which have rather similar compositi@nsnore-or-less on a
straight line as a function of conductivity. This is alstidvéor sample 1, but with a
different slope.

This result shows the capability of Magnetic Adaptive Testregy well: MAT
parameters reflect modifications of the investigated medteThe presented figures
demonstrate, that this method feels the difference leetwlee samples, which were
produced by different cooling rates, consequently having differetrixnsructure.
Regular correlations were found, with low scatter @& goints between the MAT
descriptors and other parameters, which are frequently usedhdirstry for
characterization of the material integrity. MAT seetosbe a good method for
replacing the destructive hardness measurements by nondestruntignetic
measurements [148,149].
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Makyoh topography
(OTKA K 68534; ANNA, EU 026134 (RI1I13); MORGaN, EU 214610)
F. Riesz, and J. P. Makai

Makyoh topography is an optical tool for qualitative flatnesdinigsof specular
surfaces, based on defocused detection of a collimated light frelanted from the
tested surface. By inserting a square grid into the patheofiluminating beam, the
height map can be calculated by integrating the gradients tliengrid’s distorted
image. The spectra of Makyoh imaging of periodic and quasi-persaafaces were
investigated. We found, that in spite of the non-lineaumeaof imaging, Fourier
representation can still be applied. A criterion was mjifar the dominant spectral
component. Ray-tracing simulations confirmed our predictioase8 on our earlier
work, a generalised model of the sensitivity was developed furface, including
vision physiological effects. The model gives the amount otmesl contrast for
periodic surfaces and isolated defects. The microscopic rouglufieg® studied
surface causes speckle image pattern. Criteria for swimination of the speckle
and Makyoh patterns were given and the sensitivity weregsal

Deformation and surface morphology measurements were alkonped on SiC/Si
heterostructures, grown by vapour phase epitaxy at IMEM-CNR &amith the
final aim to find the optimum growth parameters to obtaiasstfree layers having
low surface defect density and appropriate flatness. Effe€tshe substrate’s
orientation and the pre-growth preparation on the sampterdation were studied.
The orientation of the substrate plays an important rotberresulting deformation:
the addition of Silduring the carburisation ramp leads to increased deformation for
(001) orientation, while decreased for (111). Deformation and pmdogy
measurements were also done on diamond/Si, AIN/Si and GGBINYAIN/SI
composite substrates. The deformation and interface defewatsfer bonded Si/glass
structures and the used substrates were investigated foisgrop@misation. As an
example, Fig. 1 shows the Makyoh image of a bonded structhee.bltcks dots
indicate hillocks due to interface imperfections. A middteaaof different surface
morphology is clearly delineated. In addition, the meatarstress of hydrogenated
amorpous Ge and Si layers, as well as Si/Ge multilayersespaitbnto Si substrates
was studied.

Figure 1 Makyoh image of a wafer bonded Si/glass structure
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Study of nanocrystalline diamond films fabricated by
Microwave Plasma Enhanced Chemical Vapor Deposition

(OTKA-NKTH-K-68688)
T. Lohner, P. Csikvari, N. Q. Khanh, S. David, Z. E. Horvath, P. Petrik, and G. Hars

Optical properties of ultrananocrystalline diamond films wetaedied by ex-situ
variable angle spectroscopic ellipsometry (SE). The filmgewprepared by
Microwave Plasma Enhanced Chemical Vapor Deposition methakeimaboratory
of Department of Atomic Physics of the Budapest University ethhology and
Economics. In the experiments Ar, ¢tand H gases were used as source gases.
Elastic recoil detection analysis (ERDA) was applied to suea the hydrogen
content of the deposited layers. Three-layer optical models wamnstructed for the
evaluation of the measured SE spectra. Besides the Cauatipriethe effective
medium approximation and the Tauc-Lorentz dispersion relataaalso used for the
modeling of the optical properties of the diamond films. Atofoice microscopy
was applied to investigate the surface roughness in funatfothe deposition
conditions. The average crystallite size has been dstinfom the XRD spectra
using the Scherrer formula, values between 11 and 24 nm werlieeobfar films
deposited using various argon concentration in the gasi m@ix

The three-layer optical model based on effective medium appatigimand on the
Tauc-Lorentz dispersion model (Fig. 1.) proved to be the best ¢wealuaethod
yielding satisfactory agreement between the measured acdlatatl ellipsometric
data in the whole wavelength range. From the experimgatdave extracted the
thickness of sublayers and the refractive index. The Ignmvth rate decreases as the
argon concentration increases in the gas mixture dthimgleposition. Evaluation of
SE data showed the presence of a considerable amount of namdiaarbon phase
in the sublayer adjacent to the single crystalline silgalpstrate. The refractive index
of sublayer-2 is plotted in Fig. 2 in function of wavelength damples prepared in
gas mixture with 10%, 70% and 95% argon content, respectively.

Fig. 3 displays the measured and simulated ERDA spectra pfesaeposited in gas
mixture containing 90% argon. According to Rutherford Backsday spectra the
argon content in the deposited films is below 0.1 atomicgmérc

The results were presented on the 5th Int. Conf. on SpeatiosEllipsometry, 23-28
May 2010, Albany, NY USA, as poster with author list of T. Lohri®e Csikvari,
N.Q. Khanh, S. David, ZE. Horvath, P. Petrik, G. Harsd anith title
~Spectroellipsometric and ion beam analytical investigatiof nanocrystalline
diamond layers”. The paper is in press in Thin Solid Films
[http://dx.doi.org/10.1016/j.tsf.2010.12.061].
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Figure 1 Three-layer optical model based Figure 2 The refractive index of sublayer-

on the use of effective medium

approximation and the Tauc-Lorentz

dispersion model.

2 in function of wavelength for samples
prepared in gas mixture with 10%, 70%
and 95% argon content, respectively.
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Figure 3 The measured and simulated ERDA spectra of sample deposited in gas
mixture containing 1% methane, 9% hydrogen and 90% argon. The spectrum of a
clean single crystalline silicon substrate (symbols "+") is also shown forpasison.

The average hydrogen conte

ntin this sample is about 4 atomic percent.



Yearbook 2010 53

Fabrication and Investigation of Diffractive Optical Elements
Using lon Implantation

(Hungarian Scientific Research Fund under Grant No. K68688)
T. Lohner, |. Banyasz, M. Fried, C. Major, F. Paszti, and A. Watterich

Tellurite glasses have gained a widespread attention dheit@btential as hosts of
rare-earth elements for the development of fiber and inedyraptic amplifiers and
lasers covering all the main telecommunication band¥.d&ped tellurite glasses in
particular are very attractive materials for the fabraratof broadband amplifiers in
wavelength division multiplexing around 1.58n, as they exhibit large stimulated
cross sections and broad emission bandwidth. Furthermdugitéetjlasses have low
process temperature, good chemical durability and nonlinear pesper

Fabrication of channel waveguides in Er-doped tungsten-tellgliteses using ion
impantation was recently demonstrated. In order to geepetdlainderstanding of the
process and to optimize the characteristics of the waveguigefabricated a set of
planar waveguides, in an Er-doped tellurite glass sample byntafitan of (last year)
1.5 MeV and (present year) 3.5 MeV nitrogen ions. Dosedfirnplanted ions
ranged from 1-8x10 ions/cM. Refractive index changes of the waveguides were
measured by spectroscopic ellipsometry (SE). Functionalityeofvdiveguides was
tested by m-line (dark-line) spectroscopy and prism coupling gadniThe results
show that a waveguiding (even at the 1.5 telecom-window) layer was created at
every dose. Thicknesses of the guiding layer and of the impldbateier obtained by
SE correspond well to SRIM — “The Stopping and Range of londMaitter”
simulations. It is hoped that combination of the resultsinddain these experiments
with simulations for channel waveguides will make it possitd optimize ion-
implanted fabrication of integrated optical components mtliurite glass.

Figure 1 Measured + fitted ellipsometric Figure 2 Dark-line result (wl: 1550 nm,
spectra and determined (refractive index dose: 8x1& N*/cnf). Y-axis: intensity
curves of the implanted tellurite-glass (arb. unit) X-axis: N
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Optical critical dimension measurement of photonic structures
(OTKA 81842, PVMET_08)
P. Kozma, B. Fodor, A. Deak, and P. Petrik

Optical models for the characterization of ordered sili@nospheres using
spectroscopic ellipsometry (SE) were developed. Out of silicaspdueres in the size
range of 40-1000 nm an ordered layer can be created using Langouge@l
method. We present a series of physical models of increasinglexity to find the
connection between properties of the layers. A methodhditthe whole spectra at
different wavelength ranges was developed to detect with bagisitivity the
threshold wavelength of the quasi-static regime, i.e.|ithie of the applicability of
the effective medium approximation. This method alloves uker applythe widest
possible wavelength range at a minimal error caused bydagttering. D/r values
of 0.298 + 0.004 were found, where D andare the diameter of the spheres and the
threshold wavelength, respectively. Using this methine critical dimension of
ordered structures can be measured in a simple and robust wag, andy the
effective medium method, avoiding the use of complicated sicgttenodels. The
advanced analytical parametrizations allegnsitive determination of not only the
layer thickness, the size, and the packing density of theregphbut also the size
distribution and the quasi-continuous depth density profile witlhi@ ordered
monolayer of silica spheres. Our results were publishedrigmuir[70].

Figure 1 Silica nanospheres with a diameter of 460 nm created by the Langmuir-Blodgett
method (top left); optical model using sublayers determined by the “equal angle” method
(top right); cut off wavelength showing the bounary of applicability of the effective
medium method (bottom left); correlation between the cut-off wavelength and the
diameter of the spheres (botton right).
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Development of models and instruments to monitor protein
adsorption

(OTKA 81842)

A. Németh, P. Kozma, S. Kurunczi, P. Petrik, R. Horvath, M. Fried, and
F. Vonderviszt

Last year, bioellipsometry as a new research directioheirelipsometry Laboratory
of MFA (http://www.ellipsometry.hu) was reported. The topicdmme by now as one
of our main research fields. In 2010 we have made a sigmifipeogress by
developing new optical models [74] and flow cells, as well ragstigating the
adsorption on different substrates [99], building new measuretoehtcombining
spectroscopic ellipsometry and grating coupled interferometry H&zma, R.
Horvath, A. Hamori, P. Petrik, S. Kurunczi, and M. Fried;cémbined tool for
simultaneous measurement by spectroscopic ellipsometry and gretimgied
interferometry, 5 Int. Conf. on Spectroscopic Ellipsometry, 23-28 May 2010,
Albany, NY USA, poster presentation], and creating 3D strattamd kinetic models
[A. Nemeth, S. Kurunczi, P. Petrik, R. Horvath, H. JanksyF. Vonderviszt and M.
Fried, “Adsorption of flagellar filaments with two differe length distributions”,
Third International NanoBio Conference, ETH Zurich, Asig24-27, 2010, poster
presentation], and [A. Nemeth, P. Kozma, S. KurunBziHorvath, P. Petrik, H.
Jankovics, M. Fried, and F. Vonderviszt, “Optical models fagiin measurement of
the adsorption of flagellar filaments in a liquid cell gsgpectroscopic ellipsometry”,
5" International Conference on Spectroscopic Ellipsometry May2&232010,
Albany, OH, USA, poster presentation]. We have created mcathemodels in
MATLAB to follow the structural change of the flagellatafinent structure during
adsorption.

Figure 1 Numerical simulation of the distribution of flagellar filaments on the sample
surface (left); tool for the simultaneous measurement using specroscqsomibtry
and grating coupled interferometry (right).
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Accreadited Ellipsometry Laboratory in frame of a European
Intergated Activity

(EU I3, ANNA Project Nr. 026134)
P. Petrik, T. Lohner, M. Fried, A. Bolgar, and F. Riesz

Since January 2010 the Ellipsometry Laboratory of MFA is workirgming to ISO

17025 accredited by the National Accreditation Board
(http://nat.hu/adatbazis/reszletes-oldal.php?azon=2695 ).

Further details about  the laboratory can be found under
http://www.ellipsometry.hu/ . Joined to an international consortium in frame
of the ANNA project littp://www.i3-anna.org/ ) the Ellipsometry Laboratory
provided a total of more than 100 units (days) of transnationaesac
(http://Avww.i3-anna.org/context.jsp?ID_LINK=2&area=8 ) to the

infrastructures of ellipsometry and Makyoh topography. Based e thnsnational
Access projects and on the Joint Research Activitiegtfgsometry Laboratory had
almost 40 presentations or publications from the ANNA co-opesuiuring the four
years of the project.

A distributed multi-technique analytical lab
available under the Transnational Access
Activities program

Figure 1 Accreditation certificate of the Ellipsometry Laboratory (left); Logo of the
ANNA consortium (right).
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Synchrotron ellipsometry at high photon energies
(BESSY Il synchrotron facility, Berlin)
P. Petrik, Z. Zolnai, O. Polgar, M. Fried, Z. Betyak, E. Agocs, and T. Lohner

The optical characterization of wide band gap semiconduqtgres the use of the
vacuum UV range. The characteristic interband transitm®C are located between
5 and 8 eV. In this study we used synchrotron radiationerptioton energy range
from 5 to 9 eV at the BESSY Il synchrotron facility in Berthat enabled the
sensitive measurement of disorder created by ion implantdierhave characterized
the damage structure in ion implanted SiC using high photenge synchrotron
ellipsometry. We have determined the reference dieletfttriction (i-a-SiC) of SiC
amorphized using 100-keV Xe ions at a fluence of 1.6%4®?. Using the effective
medium approximation combining single-crystalline SiC anedSi& we measured
the damage depth profiles caused by the 100-keV Xe ions atediffdoses. We
found a good agreement with Rutherford backscattering and Niamte simulations.
Analyzing the pseudo-dielectric function and the relative atgnvs. fluence curves
we determined the ion track size with good agreement bettieetwo independent
methods. Using a physical model with random ion track positngould simulate
the evolution of the buildup of damage and the size of the rergainystalline parts
as a function of fluence [P. Petrik, Z. Zolnai, O. Polgddr, Fried, Z. Betyak, E.
Agocs, T. Lohner, C. Werner, M. Roppischer, C. Cobet, “@ttarization of damage
structure in ion implanted SiC using high photon energy sghan ellipsometry”,
Thin Solid Films doi:10.1016/j.tsf.2010.12.070].

Figure 1 Mean and maximum crystal size as a function of the fluence (on the left);

Damage profiles measured by SE using 5 sublayers of equal thickness but independently

fitted volume fraction of i-a-SiC, i.e. relative amount of damage. The numbers on the
lines show the fluence in units of"46m? (on the right).
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Flagellin Based Protein Layers for Label-free Biosensing
Monitored by OWLS

(OTKA PD 73084, FP7 OPTIBIO)

N. Kovacs, D. Patkd, N. Orgovan, S. Kurunczi, R. Horvath, J. J. Ramsden,
and F. Vonderviszt

Genetically modified bacterial flagellar filaments wititousands of possible binding
sites are promising candidates as novel sensing matria§riity biosensors. In our
research optical waveguide lightmode spectroscopy (OWLS) is dpfaign-situ
monitor the surface deposition of flagellar filaments #m optical structure of the
layers. Reconstructed flagellar filaments with a diamet&24 nm as well as flagellin
monomers and filaments with various lengths are usdaiaxperiments.

The basic building block of these filaments is the 51.5 kDa mi@eeveight flagellin
protein (see Fig. 1.). In 2010 we have been mainly focusing onlathel-free
monitoring of the surface deposition of the monomer subunitsg WWLS. The
effect of substrate hydrophobicity, solution concentrationicistrength and pH on
the protein adsorption was investigated. Comparing the diffengnfaces we found
that significantly more monomers deposit on the hydrophobiaseirthan on the
hydrophilic one at pH 7.4. But, highest adsorbed amount is reachedhe
hydrophilic surface and in water, possibly due to its lower ptdreover, the
deposition experiments of the flagellin monomers revealesigaificantly faster
adsorption kinetics compared to the filamentous form (see2Bigbut resulting in a
2 dimensional (conventional) sensing layer, compared tonthel 3 dimensional
matrix obtained using the filamentous form.

Figure 1 The flagellin monomer, building Figure 2 Mass of flagellin deposited on

blocks of the flagellar filaments. the bare OWLS sensing surface. After
washing off the reversible bound
monomers the deposition was repeated
resulting in a slower adsorption kinetics.
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Grating Coupled Optical Waveguide Interferometer for
Label-free Biosensing

(FP7 OPTIBIO, OTKA PD 73084)

P. Kozma, A. Hamori, D. Patké, S. Kurunczi, K. Cottier*, and R. Horvath
*Creoptix GmbH, Wéadenswil, Switzerland

A phase shifting optical waveguide interferometer, thecal®d Grating Coupled
Interferometry (GCI), is demonstrated for label-free esaeat wave biosensing in
aqueous solutions. In the proposed configuration, the referemtemaasurement
arms of the interferometer are combined inside an mtegroptical Tz0s waveguide
using an ion implanted grating. Biomolecules adsorbing onndneeguide surface
shift the phase in the measurement arm, which is modukttehe same time by a
periodically relaxing liquid crystal phase modulator (Fig. 1.)s [demonstrated that
by analyzing the periodic intensity response at the end GHcitie waveguide, the
phase shifts in the measurement arm can be monitoredlitime with a precision of
10* radians, corresponding to bulk refractive index sensitivity béi%y

The high phase resolution allows the detection of surface lztsonolecule densities
below 1 pg/mrhwithout using any labeling or on-chip referencing. The imsémt
performance is demonstrated by monitoring in-situ protein adsorptidnaffinity
binding of low molecular weight pure biotin to an immobilized avidiyer (Fig. 2.).
Our results are under publication in Sensors and Actuatorshgmi€al.
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Figure 1 The basics of the GCI setup. Figure 2 Avidin-biotin affinitiy binding
monitored by GCI.
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Fluid Handling in OWLS Experiments — Injections of Serum
Samples

(FP7 P3SENS, FP7 OPTIBIO, OTKA PD 73084)
N. Orgovan, D. Patko, A. Hamori, S. Kurunczi and R. Horvath

P3SENS \ww.p3sens-project.eu ) is a multidisciplinary research project
(including photonics, microfluidics, biochemistry and materiatience) funded by
the European Commission. This Pan-European cooperation aimsvetomenigh-
performance, multichannel optical biosensors for the earlyctigteof brain diseases
(for instance, to prevent the occurrence of ischemic damsgeresult of stroke) from
human blood. Among many other tasks MFA functionalizes the pitotziochips
with appropriate surface chemistry and tests the receptéormances by a high
resolution label-free optical biosensor called OWLS (Optwaleguide Lightmode
Spectroscopy).

Considering the limited availability of the sample materiggman blood, serum,
costly chemicals) in 2010 we have been extensively studiethtienig of the OWLS
cuvette with model solutions and worked out an injection glyate reduce the
sample volume needed for a single test. We successfulttédjeserum samples and
monitored the optogeometrical parameters of the adsorbedrpiaters.

Figure 1 OWLS 210 biosensor instrument. Figure 2 Mass of surface adsorbed serum
proteins monitored by OWLS.
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Development of integrated process monitoring metrology for
the 32 nm technology node of IC processes

(NKFP-O?-AZ-ICMET_O?)
M. Fried, G. Juhasz, P. Petrik, and |. Mohacsi

The aim of this project (led by Semilab, Inc.) is to developeasurement technology
and equipment, which would enable the process control of producdantegrated
circuits of the 32-65nm generation, an equipment complying weancroom and
automatization standards. The equipment, which will be delivdy the project,
enables one of the most important technological processéise isemiconductor
dopant monitoring (resistance and conduction type adjustmes#varal steps: after
the implantation and thermal activation of the dopant species

MFA's task in the project was to prepare ion-implanted eafee samples (ultra-low-
energy implantation, ULE-imp), and to perform refere ncesmesaments.
Spectroscopic Ellipsometry (SE) is very sensitive for changegheutietection is
limited from two directions. The lower limit is the mmim detectable lattice-
disorder depending on the atomic mass of ions and the imixden&nergy. The
upper limit is the full amorphization, also depending on the iatonass and energy,
two orders of magnitude higher than the lower limit. Thesigren is better than 1 %
between the two limits if it is calibrated with ion-lkacattering technique (MEIS,
Medium Energy lon Scattering). MEIS needs expensive a@tel and vacuum
system but ellipsometry being an optical method can be uset iofsin-line. Note,
that ellipsometry cannot be applied for the determinatioteatrically active dopants
after high temperature annealing.

After appropriate modeling, SE can determine damage depth eprafth high
precision. Determined depth profiles can be compared with Miei&surements.

Figure 1 SE and MEIS depth profiles of low energy As implanted samples Si.
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Development of metrology tools based on electrical and optical
techniques for in-line and laboratory qualification of thin film
solar cells

(TECH_08_ D2(2008) PVMET_08)
M. Fried, C. Major, G. Juhasz, and P. Petrik

The aim of this project (led by Semilab, Inc.) is to developeguipment and
measurement technology family, which is capable to perfegutrical and optical
measurements for in-line and laboratory qualification of fihm solar cells. MFA’s
task in the project was to make spectroscopic ellipsometnbleafma this task.

We have developed optical models for different types of amorphdcsnsip-a-Si, n-
a-Si, i-a-Si). The Cody-Lorentz function was used, asestgd by R. W. Collins’s
group (A. S. Ferlauto, G. M. Ferreira, J. M. PearceRCWronski, R. W. Collins,
Xunming Deng, Gautam Ganguly:Arfalytical model for the optical functions of
amorphous semiconductors from the near-infrared to ultravidgplications in thin film
photovoltaics, Journal of Applied Physics v92(5) p.2424, (2002).

As it is shown in Fig. 1, the measured spectra aredfittery well in the whole

spectral region (1.1-5 eV) on a very thin (appr. 9 nm) ay@rlan glass with no other
preparation step applied. In Fig. 2, results on the same saafiel a mechanical
roughening is shown. The resulted thickness value of thdaaSiis within the error

limit but the measurement error is reduced.

Figure 1 Very thin (9 nm) a-Silayeron  Figure 2 Same sample as on Fig.1 but
glass with reduced back-reflection
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Nanopatterning of macroscopic surfaces
by tunable ion-swelling

N. Nagy, A. Deak, Z. Zolnai, G. Battistig, and M. Fried

Various nanostructures were fabricated by ion irradiation ogelarea (100) Si
surfaces covered by colloidal Langmuir-Blodgett films as nawgditaphic masks.
The ordered structure of the Langmuir-Blodgett monolayer compesedsipherical
Stober silica particles of 200nm and 450nm diameter offer theibdigsto form
local surface swelling patterns during the ion bombardment gstfizing the
dependence of the surface morphology on the irradiation pégesrthe tunability of
nanostructuring was studied for 40 keV And 500 keV X& ions.

We showed that the periodicity of the resulted surface patiedetermined by the
size of the masking particles, while the height of nanosires can be tuned by the
ion fluence. The quality of projection of the nanomask contautket substrate — the
contrast of masking — can be set by choosing appropriate ionyerbegeby
determining the curvature of the surface pattern. Moreovenrrdafion of the
nanomask due to ion—nanoparticle interactions should be taterdoount since
these effects can be also utilized for tailoring variouscaires.

Figure 1 AFM images of the Si surface after irradiation with 500 ke¥ ¥ms carried out at
fluences ofa) 3 x 10"° cmi? and(b) 2.4 x 10° cm? through a mask of ordered silica
particles with the diameter of 450 nm

Figure 2 Measured cross-section profiléeft) on 40keV Ar and 500keV X& implanted
substrates and measured structure height vs. the applied ion fl(regte
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Relationship between structural changes, hydrogen content
and annealing in stacks of ultrathin Si/Ge amorphous layers

M. Serényi, N. Q. Khanh, A. Csik®, and C. Frigeri?
Y Institute of Nuclear Research of the HAS, P.O. Box 51, H-4001 Debrecen
2 CNR-IMEM Institute, Parco Area delle Scienze 37/A, 43100 Parma, Italy

Hydrogenated a-Si and a-Ge layers are key materials fpiogment in (nano)
structures to be applied, e.g., in the technology of multitjan solar cells since a-Ge
acts as the low band gap absorber while a-Si acts asgheband gap one thus
allowing a better exploitation of the solar spectrum and tiiéewement of higher
efficiencies. However, the a-SiGe alloy is now the nialtef choice as the low band
gap absorber. It allows a higher degree of freedom as reth@rdoice of the band
gap as the latter one can be tailored over some range bgigahe Si/Ge ratio. The
a-SiGe alloy can be realized from a sequence of thin ai&iaaGe layers by
intermixing them which is obtained by heat treatments.

In previous works it was shown how the hydrogen content anelating conditions
can dramatically influence the structural stability of #h8i/a-Ge multilayers (MLS)
produced by sputtering and then annealed in order to produce interifEgimgn [C.
Frigeri et.al., Superlatt. Microstru. 45, 475 (2009)], [C. Fiigd.al., J. Mater. Sci.:
Mater. Electron. 19, S289 (2008)], [A. Csik et.al., Vacuum 84, 137 (R00Sk
reported that surface bumps formed whose size and heightsedreath increasing
H content and/or annealing temperature and time. It wasthesized that H could be
first released from the Ge layers because of the loweling energy of the Ge-H
bond with respect to the Si-H one. To check this hypothesisnatysis of the
structural behaviour of single films of a-Si and a-Ge submitetie same anneal as
the MLs previously studied was performed.

The investigated samples were single layers of a-Si aadG# having a thickness of
40 nm. Both types were RF sputtered from high purity crystalliteos and
germanium targets. Sputtering was done with a mixtureigi purity argon and
hydrogen gases. Hydrogenation was carried out by letting ¢gdrto flow into the
deposition chamber at flow rates of 0.4, 0.8, and 1.5 ml/minSdmaples were
annealed in high purity argon at 350 °C or 400 °C for 1, 4 and 10.hours

The samples were analysed by Elastic Recoil Detectioly®isgd ERDA) and Atomic
Force Microscopy (AFM). For ERDA the 1.6 MeV 4He+ beam avadladdtl the 5
MeV Van de Graaff accelerator has been applied to meakearbéytirogen in the
samples. By using the simulation program the calibrationesuof Fig. 1 giving the
incorporated at % of H as a function of the H flow rates vabtained. The H
concentration increase in a-Si already tends to slow dmmifisantly between 1 and
1.5 ml/min flow rate reaching a maximum value of 17 at %a-@Ge the same slowing
down trend is observed for the same flow rate values reaahmgximum value of
only about 7 at %.

The different release efficiency of H in a-Si and a-@edied with ERDA are
summarized in Fig. 2 for the case of annealing at 350 °Qirfas of 1 and 4 h.
Irrespective of the initial H content in the as-deposiieds a decrease of the H
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concentration upon annealing is observed which is greatdorfger annealing time.

However, such decrease is more effective in the cade &f-Ge film. This indicates
that the release of H in the a-Ge layer was highlycatffe and that its escape from
the layer was very fast. Evidence for this is given by Bigvhich shows the surface
morphology of the 2 types of layer after annealing. For #mesannealing time,

either of 1 or 4 h, the Si layer mainly exhibits surface bumfter annealing,

indicating that H is still in the film, though partialathered in bubbles, whilst the
Ge layer exhibits mostly craters, i.e., exploded H bubblegjestigg that H has

almost all escaped in agreement with the ERDA.
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Figure 1 Total H concentration in a-Si Figure 2 H concentration, as deter-
(solid black line) and a-Ge (dash blue line) mined with ERDA, as a function of the
layers as a function of the H flow rate as H flow rate in a-Si and a-Ge single
determined by ERDA. layers before and after annealing at

350 °Cfor1and4h.

Figure 3 AFM topographic image of a) (left) a-Si and b) (right) a-Ge single layer after
annealing at 350 °C for 4 h. H flow rate 1.5 ml/min.

In a) bumps are predominant. In b) large craters, i.e. exploded bumps with escape of
H, are by far predominant.



66

Microtechnology

Department

Head: Gabor BATTISTIG Ph.D.

Research Staff

. Istvdn BARSONY, Member of HAS., |

. Laszl6 DOZSA, Ph.D.,

. Péter FURJES, Ph.D.,

. Zoltan LABADI, Ph.D.,

. Gyérgy MOLNAR, Ph.D.,

. Anita PONGRACZ, Ph.d.,
. Vilmos RAKOVICS, Ph.D.,
. Zsolt ZOLNAI, Ph.D.

- Agoston NEMETH, Ph.D., (on leave)|

- Péter BASA, Ph.D., (left)

- Andrea Edit PAP, Ph.D., (part time)
. Antalné ADAM, M.Sc., (part time)

- Albert KARACS, M.Sc., (part time)

- Tibor MOHACSY, M.Sc., (part time) |

. Akos NEMCSICS, Ph.D. (part time)
- Gabor PET , D.Sc., Prof. Emeritus
. Istvan PINTER, Ph.D., (part time)

- Bélint P DOR, Ph.D. (part time)
Zsolt Jozsef HORVATH, D.Sc.,
(part time)

. Béla SZENTPALLI, Ph.D., (part time) |

. Eva VAZSONYI, M.Sc., (part time)

Technical Staff

Gyorgy ALTMANN, technician
Edvard BADALJAN, engineer
Gabriella BIRO, technician
Sandor CSARNAI, technician
Abel DEBRECZENY, engineer
Magdolna ER S, technician
Csilla ARIAS-SOTONE FARAGO,
technician
Janos FERENCZ, engineer
Robert HODOVAN, engineer
Csaba LAZAR, engineer
Andras L RINCZ, engineer
Akos MAJOROS, engineer
Attila NAGY, technician
Karolyné PAYER, technician
Istvan RETI, engineer
Adam SZENDREY, engineer
Magda VARGA, technician
Katalin Veresné-VOROS, enginee
Tamas JASZI, engineer (left)
Sandor PUSPOKI, engineer
(part time)
Zsuzsa PUSPOKI, engineer

Ph.D. students / Diploma workers

. Zs6fia BAJI, Ph.D. student

. Zoltdn FEKETE, Ph.D. student

- Laszl6 GRAND, Ph.D. student

. Taméas KARPATI, Ph.D. student

. Endre LASZLO, Ph.D.student

. Dorottya GUBAN, M.Sc. diploma w

. Gergely MARTON, M.Sc. diploma w.
- Péter NAGY, M.Sc. diploma w.

- Tamas RETKES, M.Sc. diploma w.

- Tamas WEIDISCH, M.Sc. diploma w

(part time)

Imre SZABO, engineer, dr. Univ.
(part time)

Tamas SZABO, engineer (part tim

=




Yearbook 2010 67

The main task of the Microtechnology Department is theane, development and
system integration of physical, chemical/bioche mical @esnand systems:
- MEMS and MEMS related technologies, with special emphasis
development of Si MOS embedding circuits;
Development and functional testing of different MEMS gdencical, 3D
force, thermal, biology related sensors and sensor systems;
Development of microfluidic systems;
Development and applications of near IR light emitting diodeslatettors;
Development of solar cells and their competitive technology.

Fundamental research on:
sensing principles;
novel materials and nanostructures;
novel 3D fabrication techniques;
ion-solid interaction for supporting MEMS development.

Device and material characterizations widely used in ourmjects:
- lon beam analysis methods;
IR and Raman scattering;
Scanning Microprobes;
Optical and Electron Microscopy, SEM, TEM, EDX;
Spectroscopic Ellipsometry;
Electrical characterisations.

The Microtechnology Department of MFA runs the 300 sgm clelar{Tdass 100-
10000) with the complete Si-CMOS technology together wittaaknshop, unique in
Hungary. A rather new and developing large facility of thgpdbament is the CIGS
solar cell technology laboratory equipped with a pilot line of spaty, evaporation
and laser scribing modules for 30x30°@tass substrates.
The technology base of the clean lab has been furtheowegrin the recent years. A
basic new technology — DRIE- was installed in 2010 into oure&inblogy line:
Oxford Instruments Plasmalab 100 type deep reactive ionngtckystem was
introduced in order to facilitate the works on 3D Si based Mige\sces.
Main technologies available in the Microtechnology lab for our prtners and
customers:
- High temperature annealing, diffusion and oxidation

Rapid Thermal Treatment

Low Pressure Chemical Vapor Deposition of poly-Si,,36d SiN, layers

Low Temperature Chemical Vapor Deposition

lon implantation

Thin film depositions — Electron beam evaporation, DC and RFe&jmnmgt

Atomic Layer Deposition

Deep Reactive lon Etching
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Photolithography with back-side alignment and Nanoimprinting
Wafer Bonding

Wet chemical treatments

Electro-chemical porous Silicon formation

Mask design, Pattern generator and Step-and-Repeat Camera
Electrical and functional characterizations

Overview of the MFA Microtechnology clean lab
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The recently installed Oxford Plasmalab 100 DRIE system

The load-lock and computer control of Oxford Plasmalab 100 DRIE sysm
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MEMS devices developed in the MFA MEMS lab.
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Sensitivity tuning of a three-axial force sensor
(ENIAC SE2A)

D. Molnar, A. Pongracz, M. Adam, Z. Hajnal, V. Timéar-Horvath, A. Nagy, and
G. Battistig

In the frame of ENIAC SE2A project a Si mono-block, full-nierame, and three-
axial force sensor is developed and optimized. In the Siegigra column like rod at
the centre of a deforming membrane protrudes over the top sufabe device.

Piezoresistors placed on the backside of the membrane, prdwdsignals for

resolving the vector components of the load. The mono-block ugitste guarantees
the perfect transmission of the attacking force to #msisag elements.

The developed fabrication technology allows us to tune theitséty of the sensor
easily by adjusting two lithographic steps defining the gegnudtthe sensor.

Figure 1 Top and cross sectional schematic view of the simulated and realized sensors.
Membrane with square shape and its circular equivalent is marked by dotted and
continuous lines, respectively.

Effect of membrane thickness, shape of the membrane Iafatfor (the area of the
rod/area of the membrane) on the sensitivity of the seasandlyzed systematically
by finite element methods using the COMSOL Multiphysicss®fwvare package.
Sensitivity of a resistor was analyzed as a function of onene thickness (50-230
m) while applying 1N normal and 45° shear force load. Theitsgtysdecreases
with increasing the membrane thickness, as the mesisthange is inversely
proportional to the square of the membrane thickness.dhsnéhat just by varying
the thickness of the membrane, we could tune the sensaivitychip by one order of
magnitude. Another important conclusion is that the squaapeshsensors are more
sensitive, than their circle shaped equivalents.
Based on the simulation results new layouts were designktbere sensor elements
were realized. Experimental results were compared to diowda and good
agreement was found.
Comparison of the characteristics of the different semisigns obtained from
simulations and from experimental measurements ispa¢sented.
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Figure 2 Overview of the equivalent stress on the circular (left) and square shaped
(right) sensors to the resistance change

Figure 3 Relative resistance change versus membrane thickness for 1N normal (left)
and shear (right) load on square shaped (marked with blue squares) and circular
(marked with red circles) sensors

Figure 4 Relative resistance change versus fill factor for 1N normal (left) and shear

(right) load on square shaped (marked with blue squares) and circular (marked with
red circles) sensors

The experimental setup consisted of a loading instrunségial measuring system
and data processing. Piezoresistors with their referpaire were arranged in a half-
bridge configuration to provide a direct voltage reading proportitréde strain.
Responses to the normal loading in all four elements are amately equal, since
the stress and the arising strain at the position othall symmetrically arranged
piezoresistors in the membrane is similar.
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Sensors realized with the following parameters were deasing Andilog Centor
force gauge: side length of the membrane is 9D side length of the transmitting
rod is 200 m, thickness of the membrane is 168, and height of the rod is 310n.

In response to normal loading, the sensor outputs were recordéffesdnt force
magnitudes in the 0-2.5 N range.

As expected the input—output characteristics was linearemndted in a sensitivity of
5.98 mV/V/N. Note, the calculated value is 6.01 mV/V/N, fosemsor with 162 m
thick square shaped membrane, which is in good agree méntheimeasurements.
Sensitivity tuning of a full membrane mono-block 3D force eengas shown by
varying geometrical parameters of the structure. Fingeneht simulations show that
sensitivity depends on the membrane thickness, the shaghe ofiembrane and the
ratio of the transmitting rod/membrane area, too. Calaikdasitivity forecasted by
FE analysis was compared with experiments on realizedrsens

'I.II}II EWT= B0k S|
¥ B

e

Figure 5 Front (left) and back-side (right) images of the fabricated sensors.

Figure 6 The measurement set-up with the force gauge and the chip
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Figure 7 Voltage response of the resistors to normal loadings versus time. b) The
linear input—output characteristics of the sensor with square shapedméick
membrane and rod with side length of 200

Thermal behaviour of 3-dimensional single crystalline foce sensor
(ENIAC SE2A)
G. Battistig, T. Weidisch, T. Retkes, M. Adam, |. Barsony, A. Nagy, and T. Mohacsy

A piezoresistive-type integrable single-crystalline sensas developed for 3D force
sensing. The piezoresistance effect is inherently teathperdependent; therefore
thermal properties of the device were studied. Furthermageglétstic cover and the
packaging strongly affect the thermal behaviour of the serEum. temperature
dependence of the offset and the sensitivity were measurgdthen value of
temperature coefficient of offset and sensitivity were catedl. In sensitivity we
found a nonlinear relationship and a remarkable drop overnipetature of 45 °C.
There are less demanding applications, where - in sgfiteheir temperature
sensitivity - the force sensors are appropriate, howeveprémise tasks temperature
compensation is indispensable. On this reason a new pedoraémbrane force
sensor design was proposed and manufactured, providing the ngcgigsats for
obtaining temperature compensated outputs.

Figure 1 Previous designSEM micrograph of the bare sensor (on the left) and the
mounted and covered chip (on the right).
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Figure 2 New designfor thermal compensation.

Strong orientation dependence of Scheme of a piezoresistive-type 3D
piezoresistivity in silicon force sensing element

Schematic top view and optical microscope image of the proposed and manufactured
new 3D force sensor design.

Figure 3
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Temperature sensitivity is a major concern for piezoresistvsors. To eliminate the
effects originating from different thermal boundary conditidn the reference and
sensor elements, a new structure was proposed. The refeesigtors are aligned to
[100] or equivalent directions and they remain insensitive techamical stress.
Therefore, they can be formed in thin bridges, where dpeyate at identical thermal
conditions with the sensor elements on the same pextbra¢ mbrane.

As our measurements show the Non-covered chips have a postile the elastic
rubber covered ones a negative offset warm-up shift. Up to 5Mimsasate of change
is nearly equal for both sensor types.

The reason for the thermal response in bare sensors é¢l basthe temperature
difference of the sensing and reference resistors. &eferesistors are placed in the
heat-sinking bulk Si, while the sensing resistors lie @nttiermally more isolated
membrane so thus they are exposed to different thermal cordditi

Figure 4 Offset-shifts of bare and covered sensors (left) vs. power supply and (right)
vs. ambient temperature.

In order to calculate the thermally independent pressurétigensomponent of the
sensor element, the continuous measurement of the volta@Bsavid \4(T,P), and
the storage of MT,) and I(Tp) — both measured ay F is required.

Vo (T, P) Vi(To)
wi(T)  1(To)

R,(Ty, P) =

A thermally compensated bulk micromachined 3D force senstevisloped. A novel
approach is proposed based on the utilization of the anisofpigro-sensitivity in
silicon, appropriate for realization by perforated thin Si tmeme technology.
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Separation of biological samples in microscale

(Projects EU FP7 P3SENS, ENIAC JTI, CAJAL4EU project via the
National Office for Research and Technology)

Z. Fekete, P. Nagy, and P. Firjes

Demands for analytical devices applicable for in situ diagredtar from clinical
environment using small sample volumes and not requiring profedsstaff is
apparently increasing in the clinical practice. Such requémts can be fulfilled by
microfluidic systems. This miniaturization effort enablefor example, the
acceleration of low-cost clinical tests by largely dedrepsample amount needed for
a single test and realizing High-Throughput (HT) quick and effettive analytical
systems.

One of the first preparation steps of blood sample testg isgparation of the blood
plasma from whole blood, since the detection of specific bloa#tersin the blood
plasma may prove the presence of several cardiovascular dis€asestablish fast
diagnosis, the realization of that function in today’s oficidic systems is therefore
essential. Special microfluidic structures can be appliechydrodinamic focusing
and positioning the solution in the microchannels, or for ialedeparation of
dissolved particles by size. Utilizing the Zweifach-Funfgefthe highly polarised
blood cells can be transported separately from the plasma.

Our group aimed the investigation of the Zweifach-Fung sdiparphenomenon. In
order to analyse the geometric effects and biomechanicedotbiood cell flow,
special microstructures (see Figure 1) were fabricatethghescrystalline silicon by
Deep Reactive lon Etching (DRIE). The sealing cap andemtioms of the fluidic
system was realized by a Nd:YAG laser in Pyrex glassl&diefree alignment of the
substrates was carried out by anodic bonding.

The results of the promising measurements, directed to ttermieation of the
efficiency and quality of the above mentioned separation technigge,being
evaluated.

Figure 1 Representative silicon test structure for Zweifach-Fung plasmarfdte
fabricated by DRIE.
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Sample transport in polymer based microfluidic system
(EU FP7 P3SENS project)
P. Furjes, Z. Fekete, E. Toth, and E. Holczer

Manipulation of fluids (e.g. biological samples) in analtisystems is a key issue in
terms of the final applicability of these devices. In nov&lgical microsystems the
sample manipulation is executed by complex micro-fluidic airest which can
perform the main sample preparation tasks such as mixingiodijlutansportation,
and separation; all of these complex tasks realized inglesintegrated structure.
Complex fluidic devices integrating active and passive migsbesns, as well as
combining silicon micromechanics and polymer technology canppbed for fast,
low cost and intelligent sample control at the microscepale.

The basic function of the fluidic structure is the transgmrh of the diluted sample
from the inlets to the sensing area of the device. Anathportant function of the
fluidic structure is the dilution and complete mixing of blood samth an adequate
buffer solution. Several possible mixing strategies can be foungaicroscale as
molecular diffusion, turbulent diffusion, advection and Taylor-digparsDue to the
small dimensions of the microfluidic systems usually tlsvdl are laminar and the
component streams mix only by diffusion, creating a dynamiagdifé interface with
predictable geometry. The advection generated by the fluid floiwhwesults s in a
chaotic distribution of the molecules, could be an ideal mixiathod in the case of
microfluidics considering stable and laminar flow.

The mixing behaviour of the microfluidic structures was amaly®y numerical
modelling to determine the mixing efficiencies. For refeee a simple T-mixer
structure was implemented with rectangular cross-sectioaddition, an advanced
T-mixer staggered by blocks and a Herringbone type chaotic reiracture were
also investigated.

Figure 1 Representative concentration distribution in staggered blocks T-mixer and
Herringbone mixer structure.

When micro-fluidic structures transport biological sampliée plood, serum, salvia,
etc.) the material selection and the determinationcantiol of surface effects taking
place on the channel walls have crucial importance. Beyoad ctinventional
materials applied in micromechanics like silicon and glEsv cost polymer based
systems gain increasing interest. The wetting effeaftsthese materials have
significant influence on the behavior of the flow. Moreoyeym biological samples
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the non-specific binding of proteins or other molecules ontta@re! surfaces is also
critical and can influence the analytical results diifecthe final applicability of the
system. All of these effects have to be carefully considaneldinvestigated in detall
in order to find the most suitable materials for a given agptn.

Among the polymer materials the most attractive candidatesalize simple micro-
fluidic systems are Polydimethylsiloxane (PDMS) and the efiased negative
photoresist These materials are relatively cheap (especially PDM®) can be
easily microstructured using standard photolithographic procdesthsresolution of
1 mm at MFA). PDMS is also well suited for mass productioncesiit can be
replicated from photoresist microstructures serving as réiplicanasters. Using the
above mentioned processes microfluidic channels in the #sskrange of 5-100m
can be fabricated at MFA. To form the microfluidics in diéfet polymer materials
(SU-8 and PDMS) two variations of the realization procesgere developed. Both
of them apply the described multilayer SU-8 technology to fornmibelding form
for PDMS or directly the microfluidic structure.

The transport fluidic systems subscribed further — containingff@retit mixer
components — were realized in both PDMS and SU-8 polymeriaiateT he realized
structures are presented in Fig. 2.

Figure 2 The microfluidic layouts realised in SU-8 (left) and PDMS (right) polymers.

The permeability and sealing of the fluidic channels are adeqakhough the
pressure sustainability and washing and mixing efficienitiesase of the different
mixer structure are to be evaluated. Fig. 3 representspibicability of the realized
structure containing the parallel channels.

Figure 3 Fluid flow in the 6 parallel channels over the sensing area of the optical structure.

*SU-8, MicroChem Corp.:
http://www.microchem.com/products/su_eight.htm
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Chemically Modified Solid-State Nanopores for Sensing

(ENIAC JTI, CAJAL4EU via the National Office for Research and
Technology, OTKA No. NF69262)

P. Flrjes, A. L. T6th, and R. E. Gyurcsanyi

Sensing with chemically-modified nanopores is an emergahg that is expected to
have major impact on bioanalysis and fundamental understandincheshical
interactions on nanoscale down to the single-molecule l&\e. main strength of
nanopore sensing [R. E. Gyurcsanyi, Trac-Trends In AnanCR7 627-639 (2008)]
is that it implies the prospect of label-free single-molecdetection by taking
advantage of the built-in transport-modulation-based amplifinathechanism. Here
we present the development of nanopore based sensors, inatgtihgdologies for
fabrication of single- and multichannel nanopores in solittstaembranes with
diameters ranging from 5 to 100 nm, their chemical modifioasiod application for
bio(chemical) sensing (Fig. 1).

Figure 1 Application of the nanopores for sensing

Solid-state single gold nanopore structuresvere fabricated by the combination of
the silicon based 3D MEMS/NEMS technology, and special subseque
nanofabrication techniques, such as subtractive nanoscaleaatdif of the existing
microstructure by focused ion beam etching. (Fig. 2Myltichannel gold
impregnated nanopore membranes (Fig. 2.b) were also fabricated and
characterized. For interfacing the nanopore membranes exiabpcrossing
microchannel structure was designed combining the silicon @Bomachining with
both SU-8 and PDMS polymer structuring.

In order to use nanopores as selective detectors, their esunfagst be chemically
modified. The functionalization of the nanochannels pas$irmugh the gold layer
and the method of transport-modulation-based selective molectdetide were
developed by the Research Group for Technical Analytical Gigmiof the
Hungarian Academy of Sciences at Budapest University of Démiyn and
Economics.
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Figure 2a Single nanopore in solid- Figure 2b Multichannel nanopore
membrane. membrane

The capabilities of nanopore based sensors in terms of detéiatit are explored by
using random walk simulation and multiphysics modeling. Apphbretiite detection
limit of single nanopore based affinity sensor is determinethéyprobability of a
successful encounter between the nanosensor and analyrer.irSprinciple even a
single molecule can be detected by nanopore sensors, theiashetaunit of such
sensors was also explored in terms of concentration. Howesignificant
improvements are obtained upon directing the analyte intoethsirgy zone of the
nanopore by means of an electric-field or pressure gradient.

Besides introducing specific receptors chemical modificatan be also used to
protect surfaces from biofouling, or to induce specific transport ratidol effects.
Aspects of thiol (dithiolan, disulfide) chemistries for building self-assembled
molecular architectures with molecular recognition capéaslit (Fig. 3) are
demonstrated [50].

Figure 3 Selective molecule recognition by a chemically modified gold nanopore
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Investigation of silicon-based superhydrophobic surfaces
(EU FP7 P3SENS project)
P. Furjes, Z. Fekete, and T. Pardy

Recently there was a significant progress in the develaprof water-repellent
surfaces regarding biomimetics or ElectroWetting on Dige¢EWOD) for digital
microfluidics. Bioinspired surface topographies are of key itapoe, therefore a
range of micromachining concepts have been demonstrated.fabneation of
superhydrophobic surfaces has involved a wide variety of technime@sding
surface preparation, micromachining and the application wérak surfactants. In
spite of the rapid development of dry etching techniques, like deagtive ion
etching (DRIE), there is still room for further investiga as regards the combination
of less expensive wet etching techniques.

The functionality of the micro- or nanofluidic structuresignificantly influenced by
the surface properties of the applied structural matefifis.fluidic behaviour can be
modified by micro- and nanoscale surface structuring and depositiadditional
coatings. In pour work, the effects of 3D surface topographgostale roughness
and additive chemical layers were discussed.

MEMS compatible processes, as two-step wet chemical etelidgdeep Reactive
lon Etching was elaborated and characterised for modifitaficurface properties of
silicon combined with subsequently deposited dielectric layerexdidethyl-
disilazane - HMDS or plasma-polymerised fluorocarbon). Tlesilfelity of the
combined technique was demonstrated by the analysis of thagasgthaviour of the
realised structures applying contact angle measurementsdeMatoped micro- and
nanoscale surface topographies by wet and dry etching techniquesalea
characterised by AFM and SEM.

In our laboratory, a two-component alkaline etching (NaOHONI) in case of
different substrate orientation and subsequent polishing (HF:HINBO,) with
varied mol-ratio was investigated. The proposed alkaline etohiasy successfully
applicable for the formation of high aspect ratio microstnes, see Figs. 1(a) and
(b). To evaluate the feasibility of the technique microstraestusf similar patterns
were also produced by DRIE (Fig. 1(c)).

Figure 1 3D silicon microstructure array formed by two component alkaline etching
(a, b) and deep reactive ion etching (c.)
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The combination of the 3D bulk micromachining and the subseghembical layer
deposition steps is expected to modify the surface behaviour sfliden radically.
The microstructured silicon surfaces coated by plasma-polyrde psdy-fluoro-
carbon represented excellent hydrophobicity (see Fig. 2).

Contact angle measurements in case of the differentwtesc(geometric parameters
are listed in Table I) coated by poly-fluoro-carbon deposited byEQRbved the
feasibility of the fabrication process. Results for two-compbregkaline etching
solution (at the orientation of 45°) are illustrated in Big.

Figure 2 Superhydrophobic Figure 3 Measured contact angles at
behaviour demonstrated on solid-air  different pitch distances in case of chips
composite surface fabricated by two- fabricated by alkaline etching. Cassie-
component alkaline etching and Wenzel transition is apparently noticeable
subsequent plasma-polymerisation of on the figure.

poly-fluoro-carbon layer. Air cushions

are clearly shown in the enlarged

area.
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Integration of buried channels in cerebral silicon microprobes
Z. Fekete, A. Pongracz, and A. Szendrey

Studying physiological processes at the neuronal populationigeeskential in order
to elucidate the complex neural mechanisms of informationgsising in the brain.
Our group’s previously developed probe shaft (Fig. 1) is being modifiedder to
involve the integration of microchannel systems. Howevevers¢ probe designs
were reported in literature according to the experimentaldseduring surgical
implantation the injection technique in such microprobes dlsnot meet the
demands of accuracy and reliability established by reseaiichbis field.

The production technology of buried channels is based on DeepJelactiEtching
(DRIE). The subsequent using of Bosch process, anisotropic @xideisotropic
silicon etching recipes results in microchannels well belwvwafer's surface (Fig.
2). By the deposition of LPCVD poly-silicon sealed channelscazated which can
be used as part of injection systems in microcantilevers ase.e. cerebral probes.
The technological parameters of the process are stilijlieired, and the effects of
the plasma etching mechanisms are investigated in arésstablish design rules.

Figure 1 Ready-to-use in-plane silicon Figure 2 ,Almost buried”
microprobe developed in MFA microchannel in silicon before the last
step of LPCVD poly-Si deposition

Figure 3 Buried microchannel after the Si@moval and LPCVD poly-Si deposition.
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Development of THz detectors
(OTKA No 77843, 77997, and 73424 NK)

B. Szentpali, P. Furjes, E. Laszlo, P. Basa, G. Battistig, |. Barsony,
G. Kérolyi (BME), and T. Berceli (BME)

Recently THz and mm wave radiations find widespread applicatitheit their

management is more difficult than that of microwavessehious bottleneck is the
lack of choice of appropriate detectors. Even the best microBabettky diodes

have their cut-off frequency within these bands. Micromaathithermopiles are
widely exploited for measuring the intensity of the infraradiation, etc. A novel
MEMS thermopile structure is proposed, which consist of lipearanged p- and n-
type polysilicon strips instead of the conventional loop-like gpméition [129]. The

traditional thermopile and the novel structure are showignl (a) and (b).

Figure 1 (a) The outline of a MEMS Figure 1 (b) The proposed linear

thermopile for measuring the infrared arrangement of the thermopairs. Here the

radiation. The good heat isolation on the thermocouple lines act as short circuited

membrane makes possible the formation dipole antennas, in which the distribution

of temperature difference between the hotof the induced current is sinusoidal,

and cold ends of the thermocouples. having the maximum value at the centre.
Therefore the heat formation peaks
around the middle of the lines, exactly
where it generates the highest
thermoelectric effect.

The conventional poly-silicon thermopile technology was conabanred improved by
double side bulk silicon micromachining for the realizatiorihef designed structure
[131], [M. Graf et al, Meas. Sci. Technol. 18 R59-R75 (2007)], $didel et al, J.
Electrochem. Soc. 137 3612-3638 (1990)]. Towards reducing the resitksd sf
the suspended membrane a stacked layer structure was appliathicgnnon-
stoichiometric silicon-nitride (Sify and silicon-oxide (Si¢) as structural materials
with adequate thickness ratio. The sheet resistivitigheoh and p type poly-silicon
were 23.7/ and 37/ , respectively.



86

Four types of measurements were performed on the devicese§punsivity against
direct heating was investigated on loop-like structures with integrated heater
placed between the hot ends of the loops. The thermal deeffiof the heater
resistance was obtained from independent measurement, awy thisi value the
temperature of the heated resistor was calculated. ®mwty the thermopower was
determined to be 18 mV/K for the 40 p-n pairs, while the resgonsvas found to
be 90 V/W. The responsivity to infrared radiation was measuitdtiae help of a
black body heated gradually up to 10 There is no information about the reflected
and transmitted power; the responsivity was calculatedhastdtal black-body
radiation impinging the sensor, which was not covered by anyl@bganedium. No
significant difference was observed between the behavidreofinear and the loop-
like structures.

The responsivities in the microwave and millimeter wavedbavere measured in the
K,-band, at 13 GHz and in the W-band at 100 GHz. In théafd the radiation
emitted by the open end of the rectangular waveguide was usédawid/-band the
beam was expanded by a small horn antenna. In these expsritmere was no any
information on the reflected and transmitted signal amel fesponsivities were
calculated from the full power. The polarity dependence was sigryficant at both
frequencies. The maximum of the output was obtained whek ftedd was parallel
to the lines and it falls to the level of the background enaisthe orthogonal case.
The loop-like structures did not produce any significant output deebackground.
Table | summarizes the measured responsivities.

Method Responsivity [V/W]
electrical heating 20
thermal radiation 20
13 GHz 0.2
100 GHz 5.58

Table |

It is obvious that electric heating results in the largesponsivity. In this case all the
power is directly introduced into the thermopile, close to titepbint. The infrared
radiation is absorbed only partly and it is uniformly distributed attegsurface. The
responsivity at 100 GHz is reasonably greater than at 13 Gtiz.fact supports the
antenna-like operation of the device; the 1.6 mm long antenoaldsthave a
resonance at around 100 GHz, while at 13 GHz it is a shortediwih low
efficiency.

The measurements at 100 GHz were made at the Univé@sittiurg-Essen, with the
kind help of Vitaly Rymanov and Prof. Andreas Stohr. Their trdmution is
acknowledged.
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Deposition of Al doped ZnO layers by Atomic Layer Deposition
(OTKA NK 73424, TFSOLARO02)
Z. Baji, Z. Labadi, Z. E. Horvath, M. Fried, B. Szentpali, and |. Barsony

In the field of thin film solar applications there is tairgent need for limitation of
thermal budget given by the substrate and the active lidger Recent advancement
in polymer-based solar cells restrict the maximum applkcébhperature to < 250°C.
A vacuum-compatible low temperature method for TCO ZnO depositiald be the
use of Atomic Layer Deposition (ALD) especially when the rexjuents for
conformality are substantial, as in the case of e.qg. lihiifer layers. Setting the
conductivity of this TCO or buffer layer is, however, not obviouscesirthe
introduction of substitutional Al dopants into the ZnO matgxai thermal budget
influencing step as well.

Our work was aimed at the study of a combined deposition of a dedtieVel of Al
content in ALD grown ZnO by using alternate precursor poisthod. The source of
Al dopants is this case is the AlGnterlayer. The ALD temperature window for
Al,Os is, however , around 300°C, above the optimum ZnO temperatudewiof
around 170 °C. We analysed the incorporation and activation ofiteolled amount
of Al around this optimum temperature of the ZnO ALD growth.

We examined both the effects of different Al contents degbsition temperature on
the conductivity and structure of the layers, in a wider dopidgemmperature range.
Results:

(i) specific resistivity of the layer as a function of &ntent shows a minimum curve
(i) incorporation of Al into the layer is proven by EDS spact

(iii) even 0.1 at % Al decreases the specific resistivity

(iv) XRD spectra of the samples show that Al incorporatbanges the preferred
orientation of th polycrystalline layer

(v) layers with resistivity of 1® cm can be deposited at 15C substrate
temperature

Figure 1 Specific resistivity vs. Al content Figure 2 EDS spectra of the ALD Al:ZnO
of Al:ZnO layers deposited at 150 layers showing the Al incorporation
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Growth of CIGS layers by post-selenization of metal
precursors

(OTKA NK73424, TFSOLARO02)
Z. Baji, Z. L&badi, G. Molnér, A. L. T6th, and |. Barsony

The post-selenization of CulnGa metal precursor layers pssaible way to form
CulnGaSe active layers for solar cells, but it is relatively leealoped and less
extensively studied area. Our method to form CIGS layers isdbas precursor
evaporation from an alloy source (alloying takes place duringhéiaging of the
evaporation sources). Metal precursors were weighed in to provit® s§Ga Se
compound. Evaporation of metals was made from Ta boat at 1500-200@ %Gean
full load was evaporated from the boat. Metal precursors wdrseguently selenized
in sealed glass ampoules under Se vapour pressure®at 500

XRD spectra of the layers showed that the whole layeristedsof CulgsGa Se
phase. Fig. 1 shows the morphology of the layer after ostiselenization.

Figure 1 SEM morphology of a CIGS layer formed by 5 min post-selenization $£500
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Wafer bonding for microelectronics
T. Karpati, and A. E. Pap

The wafer bonding technology is of great importance in miectednics (for
example packaging) and micromachining. Wafer bonding referbetantechanical
fixation of two or more wafers to each other. It is afagraccount that the whole
bonding process is compatible to microelectronics technology STUBS MicroTech
SB6L Wafer Bonder at MTA MFA allows low temperature bond{nax. 500°C).
Also, both electro-assisted and wafer bonding by thermocompneisspossible. We
can bond several kinds of materials and wafers of various (siges 4”), see Table I.
Some of our results for wafer bonding are shown in Figs. 1-3.

Materials Type of wafer bonding Details
Type A Type B Thermocompression Anodic Bonding strength
Si Si + Strong
Si Glass + very strong
Si+SiQ  Glas$ + strong
Si+SiN,  Glass + weak
Glass Glass + strong
Glas$ Glas$ + strong
Glas$ +  Glas$ + very strong
dep. Si
SiNk SiNk + weak
Al SiNy + weak
Al Al + weak

Glass* - Schott Borofloat® 33; Glass** - quartz glass
Table | Different materials and their nature of bonding.

Figure 1 Si and Figure 2 Glass to glass Figure 3 Glass to glass
Borofloat® 33 anodic thermocompression bond anodic bond with
bond depositioned Si

intermediate layer
The great advantage of wafer bonding is its flexibility amdewange applicability in
the development of different MEMS structures. It could formpsmhermetically
closed cavities or create mechanically fix substrateshipscBy means of bonding it
is easy to develop microfluidic devices with structured walmether application is
to create back side electrical contacts for sensorsFigse 4-5. In addition, Fig. 6
shows how a closed pressure of 500 mbar can unsharpen a thiekn8Brane.
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Figure 4 Schematic draw of electrical contacts and mechanical fixation between two
wafers

Figure 5 Electrical contacts betweentwo Figure 6 A pressure of 500 mbar closed
wafers. in a cavity

One of our completed projects with wafer bonding technology issilieon based
capacitance pressure sensor. The device can measure OAL@@O mbar pressure
range. The geometrical size of the sensor is 5 mm x 6aittml mm thickness. The
integrated membrane thickness is 18 and the sensing area is 11.56 insee Fig.
7). Fig. 8 shows measurements performed with capacitiveyseesensors.

Figure 7 MEMS capacitive pressure Figure 8 Measurements performed
sensors. with MEMS capacitive pressure
sensors.
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MBE related research and development in MFA
(OMFB-01109/2009, OTKA K75735, OTKA K77331)

A Nemcsics, I. Réti, G. Tenyi, P. Kucsera, P. Harmat, L. Téth, R. Hodovan,
A. Szendrey, B. P dor, J. Balazs, L. Dobos, and J. Makai

The main part of our MBE equipment is originated from a donatwhich was a
consequence of a long time scientific cooperation led by A.dSies1 The MBE
Laboratory (Joint Research Laboratory of MTA-MFA and OE-M3Hared between
our Research Institute and the Obuda University, InstitutéMiicroelectronics and
Technology was inaugurated in 2009 November [A. Nemcsic®l, El. Tech.
Mikrotech. 48 33-35 (2009)]. Our MBE equipment has three UHV chaamherh as
a reactor-, a supplement-, and a load-lock chamber. Theredeamber is equipped
with 4 effusion cells (Ga, As, In, Al). The sample holgemounted on a precision
manipulator. The electron beam sample heating arrangemewidgs a quickly
changeable temperature control, which is important at tleeluption of multi
qguantum well structures. A 10 kV RHEED is provided for in-sitnitoring of the
process. A sample chamber is joined to the main chambarawnitacuum shut-off
valve where the manipulation of the sample is facilitabydmagnetic rods. The
RHEED picture can be viewed on a fluorescent screen oppodite electron gun.
Since the fluorescent screen is not suitable for thesrate measurement of the
intensity change, a Faraday-cup, mounted on a precision mdaoipuileeasures the
electron current directly, which is the speciality of our pmént. A turbo pump and
an ion-getter pump provide for the evacuation of the two chambbes.load-lock
chamber with the manipulator and with four sample contairis our own
development [90]. Furthermore, the equipment was supplied by PLQoltzht
heatings and shutter moving and also by RHEED evaluation walerprocessing
[72, 89].

Figure 1 View of our MBE equipment Figure 2 The change of the RHEED
pattern during the QD formation
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Investigation of MBE grown gquantum structures.

Recently, the growth of self-assembled quantum structuass bieen intensively
investigated for basic physics and device applications. It ry umaportant to
understand their growth process and to know their partichkpes The archetypal
system of these nano structures is the lattice-misnthtsystem, where the strain-
induced process leads to the formation of QDs. The deta#eti@hic structure of a
QD, which governs electronic and optical properties, dependgsoshape. It is
generally agreed that the essential driving force for ewttdattice mismatched QD
formation is strain relaxation. In this field, thelfsessembled lattice matched
guantum structures employing droplet epitaxy is an interestidghavel alternative
against the established technology of strain-driven QD tmwmaWith this method,
we can prepare not only QDs but quantum rings (QRs) and otheuwauantum
structures. Today, a theoretical description is not yet aveilédl the underlying
growth mechanism, i.e. the development of faceting incdee of droplet epitaxy
even so it is very important to understand the growth kinetds have given
explanation of the RHEED pattern for different quanturacstires [A. Nemcsicet
al, Mat. Sci. Eng. BL65 118-121 (2009)]. Few particular behavior of their growth
kinetics is also explained [93], [A. Nemcsiesal Microel. Reliab. (2010) in press].
The QD and QR structures are also investigated by photoluramas¢PL) method
[A. Nemcsicset al phys. stat. sol. ¢ (2010) in press ].
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LPE growth and optical investigation of InGaAsP/InP double
heterostructure wafers

V. Rakovics

GalnAsP/InP is an ideal material system for the fabidozof double heterostructure
devices. As InP has higher bandgap than the latticehedtGalnAsP active layer,
absorption losses inside the device structure can be mininipdd phase epitaxy
(LPE) was used for the development of device structures, asothposition of the
active layer can be relatively easily adjusted by weighing apptepamount of the
materials into the growing melts.

Photoluminescence (PL) is widely employed as a non-destrudtaeaaterization
technique for epitaxial device structures, yielding measuremdémt may be
correlated with final device performance. In order to obtaiafuliscorrelations,
however, a number of experimental factors must be consid&edliscuss herein the
effect of probe source wavelength on the results of expesmieGaAsP/InP double
heterostructure diode wafers (Fig. 1.) grown by liquid phase xgpitaere
characterized by photoluminescence and infrared transmis&asurements.

Double heterostructure InGaAsP/InP diodes were grown in gwemcontrolled
LPE apparatus equipped with a multibin slider boat. Single-pmasks with
relatively high supersaturations were used for all growth remeats. Four-layer
structures were grown on (100) oriented InP substrate cogsigtian n-InP buffer
layer (3—-4 m), an undoped GalnAsP active layer (1+8), a p-InP confinement
layer (6—=10 m), and a p InGaAsP contact layer (0.5-). PL and IR transmission
spectra have been measured by a fiber optic diode array speetroihehgsten
halogen lamp source was used for transmission measurements

|:|InP -GainASP -Contact

Figure 1 Schematic cross-section of an  Figure 2 IR transmission and

InGaAsP/InP double heterostructure photoluminescence spectra of 1180, 1220,

diode. 1290, and 1500 nm LED wafers. The
dashed lines show the luminescent spectra
at 1120 nm excitation wavelength.

Fig. 2. shows that information obtained from luminescemckiafrared transmission
are compatible regarding active layer compositions, but in éise of thick active
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layers the thickness and compositions of quaternary contamslaemain hidden in
transmission measurements, as the active layer igamparent for higher energy
photons.

The optical band gap of direct band gap semiconductors can beedbfsom their
optical absorption spectrum using= A(h  Ey)*?/h ,where is the absorption
coefficient,Ais a constanty is the energy of the absorbed light, dhdis the band
gap. PL peaks corresponding to 1180 nm contact layer are also natiagpe the
spectra. As it is shown in Fig. 3, complex and informativainescent spectra have
been obtained by using visible sources for excitation of InGa#BPdouble
heterostructure diode wafers. The thin contact layer foems the high energy
exciting light to lower energy photons which can exdi active layer, although the
InP confining layers are not transparent for primary exciphgtons. The peaks
corresponding to the active and the contact layers areyckseh, but with smaller
intensity. Intensity ratio of the corresponding active andamriayers is influenced
by their thicknesses, and is also affected by the excitatvelength. Fig. 4 shows
the PL spectra of 1510 nm LED wafer at three differenitatien wavelengths.

Figure 3 PL spectra of InGaAsP/InP Figure 4 PL spectra of InGaAsP/InP

heterostructure wafers. Solid (dashed) double heterostructure LEDs with 1510

lines show the spectra with 1120 nm (525 nm active and 1180 nm contact layers.

nm) excitation wavelength. Excitation wavelengths: 1120, 940, and
525 nm for dotted, dashed, and solid lines,
respectively.

The two short wavelength peaks are only side effect of thttesing excitation light

from the back side of the wafer, but both characteristikpean be observed at
visible and near infrared excitation. The peak wavelengbigined by the evaluation
of the PL spectra measured with two different excitasonrces are practically the
same values. In summary, PL intensity spectra are infacemy absorption and
energy transfer between the quaternary layers. The peakop®sare precisely
indicating the composition of the lattice-matched quaternagers, but for

determination of the layer thicknesses an additional mea®unt, such as optical
transmission, is necessary. After the calibration ofRhepeak intensity ratios with
the quaternary layer thicknesses, the PL measurementitable for the quality

control of InGaAsP/InP double heterostructure wafers.
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Reactive deposition epitaxy growth and electronic properties of
iron silicide nanoparticles on Si(001)

(OTKA K81998)
G. Molnar, L. Dozsa, and Z. Vértesy

Future generation thin film solar cells have to use abulydawhilable, non toxic and
environmentally friendly chemical elements. SemiconductifieeSp is a possible
material which has 23% theoretical efficiency in soldisc@and both its layer and
nanoparticle forms have potential applications in photovoléabriology. Recently, a
composite -FeSp/Si film was proposed for photovoltaic use, where charge carrie
are generated in the iron silicide particles, whichs Haigh photoabsorption
coefficient, and the carrier transport takes place ioosil The motivation of our
research was to find proper methods for the preparatibrFefS; nanostructures.
The iron silicide samples were prepared by reactive deposititaxy (RDE), where
iron particles were deposited onto heated substrates. Thespdrdetructures were
characterized by reflection high energy electron diffoacct(RHEED), scanning-
(SEM) and transmission electron microscopy (TEM), atonmece microscopy
(AFM), and by Fourier transform infrared spectroscopy (FTIRhe Telectrical
characteristics were investigated by I-V and C-V measengsmand the defects were
measured by DLTYVouroutzis N et al J. Alloys Comp.448 202 (2008), and
Tsormpatzoglou Aet al J. Appl. Phys100074313 (2004)

The iron silicide nanoislands were successfully grown by RD Si(001) substrate.
The size distribution and shape of the formed islands dependheomrhount of
deposited iron and on the annealing after deposition. Using higimerature and
longer time annealing a greater fraction of iron silicidensforms into the -FeSp
phase.

Figure 1 SEM image of a sample with 3 nm Figure 2 SEM image of a sample with
deposited Fe thickness. 1 nm deposited Fe thickness.

The size of the dots increases with the annealing tene @onsequence of Ostwald
ripening and coalescence. To optimize the islands size @&wlSp phase content
further experiments are needed. In case of successfuliragmés, iron silicide
nanostructures may be used as environmentally friendly motiedfesolar cells.
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The detection and identification of contamination in silidgsnof technological
importance. For understand the electrical properties of tranages high spatial
resolution is necessary. In this work we used a new methogowit defect
identification [D6zsa Let at Scanning tip measurement for identification of point
defects, accepted for publication in Nanoscale ResearckrdletiThe electrical
characteristics are measured by a DLTS system usingaanpliéer. The method is
illustrated by measurements performed on iron silicide namstes. Fig. 3 shows
the detection of Fe-related deep level defects through essefifrequency scan
DLTS spectra measured on large-area Schottky junctions.

Figure 3 DLTS frequency scan spectra Figure 4 C-V characteristics (A) and

measured in a DLS-83D system at differentDLTS frequency scan (B) measured on a

temperatures. tungsten tip positioned at tunneling
distance from the surface.

Capacitance-voltage characteristics and capacitance DOitddbiency scan of the
measuring tip positioned at tunneling distance from the silzoface is shown in
Fig. 4. Both the C-V and DLTS characteristics are @yals to characteristics
measured in macroscopic Schottky junctions. The preamplifiereases the
capacitance sensitivity 200 times, while the current geitgiincreases 1000 times,
which enables DLTS measurements on scanning tip-se micanguiettions.
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Reorganization of silica nanoparticles under ion irradiation
(Bilateral project HR-20/08)
Z. Zolnai, S. Lugomer, A. L. Téth, and I. Barsony

Recent modern topics of nanoscience and nanotechnology telatiee
hexagonally ordered mono- and multilayers of silica nanopestiavhich can be
considered as e.g. tunable photonic crystals or nanomaskdousaddification of
the optical, electrical, magnetic or structural properties)afroscopic surfaces at the
nanoscale by low energy ion bombardment [N. Nagyal Appl. Phys. Lett.89
063104 (2006)]. Beyond surface patterning, these nanofabrication gescese
accompanied by the reorganization of the silica monolayer @uentparticle and
particle-particle interactions, see Fig. 1. Our motivatias to shed more light on this
process observed under ion bombardment, and its dependence mandiparticle
size and ion fluence. The low energy (30 keV) scanning focGs&don beam (FIB),
as a commonly applied nanofabrication tool, has been usedatbate the silica
monolayers.

We show that the induced patterning of silica particlesbeaassociated with
their charging, Coulomb repulsion and motion, heating/surfaaéng, discharging,
particle-particle and particle-substrate adhesive intenagti and causing their
reorganization into chain-like clusters [S. Lugonag¢rat Self-organization of silica
nanoparticles induced by the ion beam, to be published in physsataa (2011)].
The calculation of charge accumulation is based on a pregipg&iment [S. Yogev
et al J. Appl. Phys103 064107 (2008)] where the surface potential change induced
by FIB was measured with Kelvin probe microscopy on planar $dyeas.

Figure 1 Reorganization of silica nanopatrticles under ion irradiation. (@) D = 220 nm;
Hexagonal layer restructured into isolated clusters (top leftgharacteristics of chain-
clusters (bottom left); Short chain-clusters (top and bottom rightgnifcant
rearrangement occurs. (b) D = 450 nm; Disturbed hexagonal layetof left);
Characteristics of disturbed layer (bottom left); Buckling (sidew, top right) and
sputtering (bottom right) of particles. Significant rearrangement does not occur.
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The high local ion flux of FIB with an input power density aifout 1-10 kW crf
causes the fast heating of the particles so thatethedrature of 2D surface melting
of silica is reached within a short time. At high tenapere the particles are softened
and they can establish significant adhesion contact &dtth other and with the
substrate. The number of particld$ connected into a chain-cluster strongly
decreases with the particle diamelerin the sub-micron size region, see Fig. 2(b).
Note further experiments performed by low energy Apombardment are under
evaluation in order to see the role of the heating rat@ah pattern formation.

Figure 2 (a) Calculated irradiation-induced Coulomb force vs. ion fluence for 807
220 and 450 nm silica particles;,F-, and k; denote the corresponding threshold forces
(particle-substrate adhesion shear forces) for the motion of silicarephdue to
Coulomb repulsion. (b) Cluster-size distribution as function of particle diameter.
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The Department has half a century tradition in the rebeaf thin film phenomena.
That tradition, which embraces construction of models foucsire forming
phenomena and experimental verification, together @étleloping both methods and
instrumentation for those experiments is continued inattivity of 2010. A new
OTKA project aims at understanding phase formation ifCilndVin system and a new
method is being developed for complete characterization of bmindary structure,
including identification of grain boundary planes, based on TEMso@ments.
Practical application of scientific results was targeted4 European projects, 6
National projects, 1 industrial contract and 1 submitted patent.

The Department produced 46 referenced publications (cumulative infipetotr
69.475) and received 530+ independent citations for their previous pigsliicaOne
PhD was defended in 2010 and P. B. Barna received the verjgiprestScience
Prize of IUVSTA. Four members are founding members of Phdbo@s and the
Department gave the President of the Hungarian Microscopyetgodhe Vice
President of the European Microbeam Analysis Society and twoofo2®0) D.Sc.
Representatives at the General Assembly of the Hungadagemy of Sciences.
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Composition dependence of film structure and morphology in
Cu-Mn sputtered alloy films

(OTKA K81808)
F. Misjak, Zs. Czigany, O. Geszti, and G. Radnoczi

The scope of this work is to substantially contribute to thechasiwledge of atomic
mechanisms and kinetics of self-organized interfacial ldgemation in order to
facilitate their use in technological processes. Inciimeent technology for advanced
semiconductor devices, copper is the material of choice dosistor interconnects.
The high diffusion rates for elemental copper in silicod &ilicon oxides have
required the development of diffusion barriers to prevent infagi@éin across the
interface. As the semiconductor industry moves from the 45echmoblogy node to
32 nm and beyond, the currently used barrier layers will not bélde option,
because of their thickness. The International Techgologoadmap for
Semiconductors (ITRS) 2007 has targeted a 5.4 nm barriehdd82 nm technology
node and for future technologies; there will be a need to retthecdarrier width
below 4 nm while retaining its diffusion integrity and adbasproperties. One
possible way for meeting these requirements can be theatitihzof self-organized
processes for meeting preconditions like conformal coatingll $hiekness of the
barrier layer and small lateral sizes simultaneously.rbst promising results in the
literature relate to copper-manganese (Cu-Mn) as contattsalf-forming barrier
material.

In this aspect, a detailed investigation of the Cu-Mnesgss aimed at background
knowledge for technological developments. Our basic intentiorihe detailed
understanding of the Cu-Mn phase diagram and how the miscagi of the alloys
depends on the composition. The kinetics of the alloy segrag@rocess on
dielectric substrates for the Cu-Mn alloy and its role he development of film
morphology is also a key issue.

Cu-Mn films were prepared by DC magnetron sputtering fromdgmarate sources
by co-deposition of the components. Thin Si@yers were used as substrates. The
composition of the film was determined by the variation ofgbeer of Cu and Mn
sources and the whole composition range was covered. Combihatoriples have
been grown at room temperature on compasition in order toysthgedependence of
the structure and morphology of the films. The thicknesthefilms ranged from 50
nm to 500 nm. TEM and EDS were used to determine the morphaholgie &ture as
well as the chemical composition of the films. The Psedeiffraction program [J. L.
Labér: Ultramicroscopy 103 (2005) 237] was used to evaluate the piasef the
films.

As afirst step, the structure and morphology of the fiars been investigated in the
composition range of 8-80 at% of Mn. TEM images revealedChalin films show
extremely small grain size in the whole compositionaagiThe minimum of the
grain size is at 70 at% Mn (Fig. 1). Evaluation of thdralition patterns shows the
changes of the phase state of films as the functionedf tdomposition (Fig. 2). For
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Mn content 8 - 33 at.% the diffraction pattern is chamastic of a fcc phase. The
measurement of the lattice parameters in this composdiage shows an agreement
with Vegard’s low (for fcc Cu (a=0.361 nm) and fgdVin (a= 0.384 nm) phases),
proving that the film is single phase fcc solid solution. d@mnpositions from 37 at.%
of Mn and above the structure is cubieVin (a=0.891 nm) and also appears to be
single phase. This shows the existence of a solid solusania this composition
range.

Figure 1 Morphology and electron diffraction  Figure 2 Comparison of electron
pattern of the film with grain size correspon-  diffraction patterns as the function
ding to the minimum at 70 at% of Mn content of composition.

Between the two (Cu and Mn based) solid solutions we havieunad the two phase
region expected according to equilibrium phase diagram. Amsequence, the Cu-
Mn films form metastable structures. Their metastabiditgpparent in the formation
of the broad composition ranges of solid solutions i.e. in phtge and in the
morphology of the films. This may suggest that phase a#@paris kinetically
hindered in these films and even if a two phase regi@mtseit must be very narrow.
The clarification of this detail needs further investigasi.

The circumstances of phase separation and its conditiamspmvide important
information for understanding and achieving the formatioseif-organized barrier
layers in the Cu-Mn- SiQsystem. Investigation of structural details on nm scate ca
open the way to technologically direct these processes temtionally form
multifunctional structures by selforganization processes.
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Spinodal Decomposition as Phase Separation Mechanism in
Thin Films

(OTKA K81808)
F. Misjak, P. B. Barna, L. Székely, V. Kis, and G. Radndczi

A smart way of producing functional nanostructures is thegation through self-
organized processes. These processes can be controlled yldgiclah parameters
only if the atomic movements during their formation are knowhe key to the
understanding of self-organization could be the mapping of theepbkaparation
kinetics.

Concerning the existing atomic mechanisms/models of tlimférmation they are
restricted to the surface diffusion processes, namely kiseticegation due to high
activation energy of bulk nucleation processes. However, thesieprocess needing
no activation energy for considerable change of structure anghology, well
established in bulk alloys. This is spinodal decomposition of supeased solid
solutions by short range atomic rearrangements resultingaraen of components.
In the spinodal decomposition process phase separation talaes tplahe stages
preceding nucleation. Instaed of sharp phase boundaries flootwticomposition
occurs. Nevertheless, these fluctuations can be large entuglentify two
structurally identical compositions in building a nanocompoditee wavelength of
compositional fluctuations is really on the nanaoscale2iznm.

In two different eutectic systems, namely in the Cu-Ad anthe TiN-AIN systems
spinodal decomposition in the growing film has been observetheaeginning
mechanism of phase separation. Since spinodal decompositiors artumanoscale,
the relevant method for documentation of the structural evédeisc high resolution
transmission electron microscopy in conjunction with gmasimulation. In both
systems the growth morphology of the films was columndrthe nanostructure of
the columns consisted of epitaxial 2-4 nm size domains withicederent
boundaries. For the interpretation of the structure of the bdesdand the
identification of the appearing lattices (phases) structoradlels were built and
image simulation on these models was performed by the JgMS§ram [P.J.
Stadelman, Ultramicroscopy 21 (1987) 131]. Matching of the computedtmsdved
HREM images in the Cu-Ag system shows (fig. 1) that pheent eutectic solid
solution (60 at% of Ag) separeted by spinodal decomposition into tigb smltions
of about 10 at% dissolved component. By this a three dimenst@mapositional
nanocomposite occurred, composed from epitaxial domains. Accaodiihg detailed
structural investigation the phase separation process stapybe spinodal region
due to the increasing misfit strain energy during separatdmneen the Ag and Cu
rich domains.

In the case of the TIiAIN system (fig. 2) the parent cUbislN phase decomposed on
the {111} planes into cubic Ti rich and hexagonal Al ridkrices. These phases
differ only on the stacking sequence of the close packeaglao the separation
could start without nucleation. The occurrence of the hexagphase, however,
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points to the fact that spinodal decomposition might have oveéngra the state,
close to nucleation. The coherency of the interfaces erclibse packed planes is
maintained, but in other directions it should be replaced byepbaundaries.

Figure 1 Atomic model and semicoherent matching of Cu rich and Ag rich domains after
spinodal decomposition of Cu-Ag solid solution. The insert shows the projected atomic

arrangement and simulated image. Yellow dots Cu+10at%Ag alloy and blue dots
Ag+10at%Cu.

Figure 2 Atomic model and oherent matching of cubic TiN and hexagonal AIN nanocrystallites,

formed as a result of spinodal decomposition of a cubic TiAIN solidi@olas parent phase.
The insert shows the corresponding atomic arrangement.

These examples point to the possibility that spinodal decompositin be a rather
general mechanism of phase separation in non-equitibsitnuctures obtained by fast
deposition techniques eliminating effective surface processes.
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Pressure-dependent stability of cubic and wurzite phases
within the TiN-AIN and CrN-AIN systems

(Cooperative research with Department of Physical Metallurgy and
Materials Testing, Montanuversitat Leoben, Leoben, Austria* )

D. Holec*, F. Rovere*, P. H. Mayrhofer*, and P. B. Barna

The TiAlIN and Ci.,Al N coatings are widely used in industrial applications due to
their superior mechanical and chemical properties. Thesslent properties, which
improve with increasing Al content, are, however, obtaineg & the metastable
cubic structure (B1, NaCl-like). Al rich phases prefer bexagonal (wurzite B4,
ZnS-like) structure which possess significantly poorer mdchhnproperties.
Knowledge of maximum AIN mole fraction in the cubic phas of basic interest.
The experimental observations of the maximum AIN fractiomhe cubic phase in
Cr,AlLN and Ti,AlN are not conclusive. The solubility limit for TAILN varies
from 0,4 to 0,68, 0,8 and 0,91, while for (AI\N in the range of 0,6-0,8. In
experiments applying increasing bias potential (which iemgdly connected with
increasing compressive stresses), higher maximum naeadns of AIN in the cubic
phase of TiAl,N based materials are obtainedn the present work the effect of
the pressure on the solubility of AIN was studied. The Vienhalmkio Simulation
Package together with the PAW pseudopotentials were employddtéomine the
enthalpies of the cubic and wurzite phases of the ATyN and TiAlyN phases in
dependence of the AIN fraction and pressuréhe variation of the solubility in the
dependence of the pressure for the two systems are sh&igs.iri and 2.

Figure 1 Calculated maximum mole Figure 2 Calculated maximum mole
fraction of AIN in the cubic B1 phase of fraction of AIN in the cubic B1 phase of
TizAN system Cri, AN system
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Determination of grain boundary plane in the TEM
exemplified in Si

(HIGH-EF: EU FP7-ENERGY-2007-1-RTD 213303)
A. K. Kiss, Zs. Fogarassy, J. L. Labar, S. Christiansen (IPHT), and F. Falk (IPHT)

It has been long observed that phenomena associated withbgraidaries (GB) in
metals (e.g. corrosion, energy, segregation, etcinfitenced by the grain boundary
geometry. For many years the coincidence site latticd)(@®del, which describes
the grain boundary in terms of the misorientation betweeghbering grains, has
been a cornerstone of grain boundary research and formatispeofal boundaries
with low-S (assumed to result in better material properties) was pursugther
work subsequently indicated that a I8vMCSL was a necessary but not sufficient
criterion for specialness, but the interpretation of Isimiesults is complicated by the
effect of impurities on boundary energies. The structureeof3B is more related to
the orientation of the GB plane (planar density of coinadesites), which is difficult
to determine experimentally. Bicrystals with known misaié¢ion and GB plane
indices were artificially fabricated and studied both by HRTEMd other
characterization methods from the 80’s. Structural chkamaation (including
indexing the GB plane) in real-life polycrystalline ma&ési proved to be more
challenging. One approach involves following the change itoitegtion of GB traces
in a scanning electron microscope (SEM) while thin lay#ramaterial are removed
mechanically (either by polishing or by focused ion beam, FIBg. dther approach,
reported here, records the projections of the GB at two diffetilt values in a
transmission electron microscope (TEM) and deduces thdadr@mof the GB plane
from them.

The method relies on calibrating rotation of the imageasmspared to the diffraction
and determining orientations of both neighboring grains fraerkiikkuchi-bands (or
Kikuchi-lines) seen in convergent beam electron diffracti@BED) patterns,
recorded with low camera length (to include the maximum adailangular range in
the TEM). The direction of the trace is determined fierdirection as related to the
diffraction axes and the elevation (tilt) of the GB pldr@am the beam-direction is
determined from the width of its trace as compared to |seahple thickness
(determined from 2-beam CBED).

A self-supporting thin (100-150 nm) sheet of polycrystalline Silipeith grain size
of tens of micrometer) was used to demonstrate the poweheofnew method.
Neighboring grains witl$3 orientation relation were selected to characterieeGB
plane. Figures 1 and 2 show the CBED patterns used for #watibn measurement.
Table 1 summarizes the measured misorientation variants t{@usymmetry
relations); all prove the sant®3 misorientation relation. Figure 3 is a bright-field
(BF) image of the projection of the GB plane (and of anotime at the other side of
the twin lamella), recorded at the same goniometer posés the CBED patterns.
The indicated boundary separates the two measured grairisgtbee to the left and
the thin lamella to the right side of the marked boundary). ILlsaaple thickness of
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120 nm was determined from the central part of the CBBHEdgare 1. Using the 20
nm measured thickness of the GB plane projection, a plane-argla of 9 (£5°)
was determined from it. (The large error originates ftbemerrors of measuring both
the width of the GB projection and of determining the lo@ahgle thickness.) The
Miller indices of the GB plane were determined as {211} tfioen these data. The
observation is consistent with expectation.

Figure 1 Indexed Kikuchi-bands in CBED Figure 2 Indexed Kikuchi-bands in CBED
pattern recorded in grain 1. Location of  pattern recorded in grain 2 .

the final solution for the GB plane (211)

is marked.

Table 1: Symmetry equivalent solutions Figure 3 BF image of two GB planes on
from Figs 1 and 2. both sides of a twin lamella. The measured
boundary is indicated.

[Rotation Axis Rotation angle
<110> 70.4
<110> 109.3
<l111> 60.0
<111> 180.C
<210> 180.0

<311> 145.6
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Progress in producing large grained, low stress multi-
crystalline silicon thin films for solar cell application

(HIGH-EF: EU FP7-ENERGY-2007-1-RTD 213303)

J. L. Labar, G. Safran, B. Pécz, A. Jakab, Zs. Fogarassy, M. Menyhard, L. Kotis,
S. Gurban, S. Christiansen (IPHT), F. Falk (IPHT), J. Schneider (CSG Solar),
J. Dore (CSG Solar)

Sustainable development requires utilization of green and edohevenergy sources,
like exploitation of sunshine. The HIGH-EF project aims ingprove electricity
production by providing improved quality, economically produced Si materiahé
photovoltaic (PV) industry. In contrast to the high quality (but agp&) Si single
crystal solar cells (SC), less expensive, acceptabletyy&ilimaterial (used in thin
films) seems to be the choice for large-scale SC producfidime future. HIGH-EF
promises to provide a technology for producing better quality thim {lIF) SCs by
reducing the density of both grain boundaries (by increased geainad of other
defects (like dislocation) and reducing stress within thelager. Efficiency is
expected to increase as a consequence of reduced defegt. densit

The large (=multi-) crystalline Si layer is produced irotatep in the HIGH-EF
process. First a thind®00nm) amorphous Si (a-Si) layer is transformed into a thin
layer of laterally large (>50pum) crystals by laser crygation (LC). This LC Si
serves as seed layer for the subsequently deposited thicker (r).&-Si layer,
which grows epitaxially over the large seed crystals dunmg@wen heat treatment
(solid phase crystallization, SPE).

One of the several results of the project in 2010 was théidatan (identification)
of the main source of defects in the SPE layer and subseglimtation of that
source.

TEM examinations showed that dislocation density is abrupttyeased at the
interface between the LC seed and the SPE absorberljFigigh resolution TEM
(HRTEM) demonstrated that there is an amorphous contdamnkyer at certain
locations of that interface. Lattice images are seéfig. 2 both in the seed and in the
absorber, however, there is an amorphous layer between them.

A systematic study was carried out to reveal the effect féreiht deposition
technologies of the Nitride layer (below the seed) and ofdifferent cleaning
methods applied between the laser crystallization step ofsdleel layer and the
deposition of the thicker a-Si on top of it. The appearance ofoay)Nitride
contamination layer on top of the seed was unexpected, but upauably proved by
surface analytical technique (Auger electron spectroscop$) AEpth profiling. The
Nitrogen in the contamination can originate from the since laser crystallization
was performed in air. The previously observed contaminatiom tagelted from the
imperfect removal of this oxy(Nitride) layer by the previouslyduBsi& cleaning step.
After identification, the contaminant layer was perigcgmoved by RCA cleaning
from areas of single laser treatment. The structurbeoNitride was different in thin
lines of overlapping laser stripes, resulting in imperfeataval of the Nitride from
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the doubly-melted lines. That is why a broad line laser wagldged within the

HIGH-EF project to perform the LC in a single step, withowerlapping regions of
repeated scans. The results helped to optimize both thettaa@ment step and the
cleaning step. Both twin density and dislocation density wesleiced as a result of
the optimized technology. The improvement of Solar Cell parars prepared from
the improved Si-material is tested in a separate study.

Figure 1 XTEM image, showing the Figure 2 HRTEM image demonstrating

increase of defect density in the SPE layerthe presence of an amorphous

(as compared to the seed layer). contaminant layer at the seed/SPE
interface.

Figure 3 Auger electron spectroscopy Figure 4 AES depth profile, proving that
(AES) depth profile, proving the presence the (oxy)Nitride layer has been

of an (oxy)Nitride layer on top of the seed successfully removed from the surface by
layer prior to the cleaning step. RCA cleaning.
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Microstructure of diamond films grown on nitride HEMT
devices

(EU-FP7-NMP-214610)

L. Téth (MFA), A Barna (MFA), B. Pécz (MFA), M. Alomari (Ulm), M. Dipalo (Uim), S.
Rossi (Ulm), E. Kohn (Ulm), M-A. di Forte-Poisson (3-5 Lab), S. Delage (3-5 Lab),
J-F.Carlin (EPFL), and N. Grandjean (EPFL)

One of the main limitations of high power density GaN Ha$sd effect transistors
working at microwave frequencies is self heating during operalibis heat needs to
be extracted effectively from the bottom as well as top efdévice and due to its
extremely high heat conductivity diamond is regarded as the attsctive heat
spreading material. One solution could be the direct growth asibarystalline
diamond on top of the GaN based HEMT (High electron-mobiligndistor)
structure, putting the heat sink very close to the channel.

Due to their high chemical/thermal stability the lattieceatched InAIN/GaN
heterostructures can be overgrown with nanocrystalline didmidm at high
temperature without degrading the characteristics of HEMIctaires. In this paper
the microstucture of diamond heat spreader films deposited bfildment CVD
technique at temperatures above 750 °C will be presented. BANN/HEMT
structures were used as substrates formerly passivated bp &i@h layer. To
enhance the bond strength to the substrate the bias enhamdedtion technique
(BEN) has been chosen to initiate diamond growth over aespdttsilicon film
covering the Si@ layer. The deposited layers have been characterized by
transmission electron microscopy (TEM) for what the ceestions were prepared by
Ar ion milling. Conventional microscopy was carried out on aliggh CM 20
microscope at 200 keV, while high resolution images were take3®0 keV on a
JEOL 3010 electron microscope equipped with a Gatan imaging (fBi€&) used in
an energy filtered mode.

Transmission electron micrographs (Fig. 1) taken orctbss sectional samples have
proved that the thin amorphous Si layer deposited prior to diamasmdctrystallized
during the further growth process. The formation of diamardei took place on the
surface of this polycrystalline silicon which was also coddrg a thin native oxide
layer.

High resolution observation (Fig. 2) also revealed a regiomdaat the diamond and
the silicon films exhibiting a large number of nanosizedtiglas which were
identified as cubic SiC. Diamond growth by CVD usually staité this phase on
silicon surface. The observed SiC particles are embeddedothtyr amorphous
phase(s) but above this thin nucleation zone the 250 nm théakodid film was
found to be grown as single phase with polycrystalline, colummarostructure. No
crystal defects other than grain boundaries were observdin wite diamond.
However, with the typical grain size in the order of 100 rm® éxpected heat
conductivity should be inferior to that of the bulk diamond.
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Fig.1: Cross sectional bright field (a) and dark field electron micrograg)s of the
INAIN/GaN HEMT structure covered by a thin giénd Si layer and the CVD grown
diamond coating. The columnar polycrystalline microstructure of the diamanddilvell

visible on the dark field image.

Figure 2 High resolution TEM shows that the growth of the diamond phase starts with
the formation of cubic SiC nanocrystals. These particles are embedded in an amorphous
phase within a 10-20 nm thick layer on the surface of the crystallized Si film.
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Nitride nanowires grown by MOCVD for solar cells
(Seventh Framework Programme (FP7) 227497)

B. Pécz, G. Z. Radnoczi, J-P. Ahl (AIXTRON), H. Behmenburg (AIXTRON),
C. Giesen (AIXTRON), I. Regolin (Univ. of Duisburg-Essen), W. Prost (Univ. of
Duisburg-Essen), F. J. Tegude (Univ. of Duisburg-Essen), H. Kalisch (RWTH Achen),
R. H. Jansen (RWTH Achen), and M. Heuken (RWTH Achen)

Semiconductor nanowires (NW) received lots of attentioe@ent years due to their
optical and electrical properties. In the case of GaN¢lwigs grown generally on
substrates with large misfit, NWs offer an alternatwgh far less threading
dislocations. On the other hand nitrides are going to be ieniosblar cell materials
as well, thanks to the relatively low band gap of InN, whicdkes possible to tune
the band gap into the required range by the growth of InGahbrdy other reasons
this is a motivation of a demand for high quality GaN nanmwire

In our RODSOL project (coordinated by IPHT Jena), beside mdseand
development of Si nanowires, there is an exploratory relseéas& on nitride wires.
Here we report on the microstructure of the first set oNG#N's grown by
MOCVD.

The wires were grown using VLS mechanism initiated byld gatalyst. The NW
were grown in AIXTRON MOCVD reactors at low V/II ratioend surface
temperatures of about 900 °C on a sapphire substrate previously cdahtedlwnm
thick gold film. The grown structures were charactefily scanning/transmission
electron microscopy (SEM/TEM) and X-ray diffraction (XRD).

SEM images showed a high density (~3/&0¢) of hexagonally faceted nanowires,
which are aligned vertically to the substrate on the whalapte with an average
diameter of 60 + 9 nm and lengths of approximately 400 nm.

Both XRD and TEM measurements confirmed the growth ofaoglGaN with the
usual orientation (30° GaN unit cell twist) to the sapphubsgate. TEM analysis
(performed at 300 kV in a JEOL 3010 microscope) revealed singléaltine and
perfectly straight NWs without any threading dislocations ahgd @small number of
stacking faults (Fig. 1). Some of the stacking faults &ématshown in Fig. 2 in high
resolution were identified as 11 type stacking faults [V. iedd. Gil, S. Charar, P.
Ruterana, G. Nouet, Mater. Sci. Eng. B, 82 (2001)] with kitac sequence:
cCaAcCaAbBaAbB and burgers vector b=1/6 <20-23>.

Each wire exhibits a droplet on top of its tip, which was tifled as gold by electron
energy loss spectroscopy (EELS) confirming the VLS meshaninterestingly, the
size of each droplet is significantly lower than the egponding nanowire diameter
but still depends linearly on the NW cross section. This exgsained in [J.-P. Ahl,
H. Behmenburg, C. Giesen, I. Regolin, W. Prost, F. gude, G. Z. Radnoczi, B.
Pecz, H. Kalisch, R. H. Jansen, M. Heuken: “Gold catalysated growth of GaN
nanowires by MOCVD”, physica status solidi c, in pressknetdetails on the effects
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of the initial gold film thickness on the gold catalyst deaplormation were also
published.

Figure 1 BF image of the nanowires. Figure 2 Stacking faults shown in high
resolution.

Figure 4 Ten lattice fringes are measured
on the HREM image of the gold droplet.
This shows clearly the distance between

Figure 3 Gold droplet on the top of a
the (111) planes of fcc gold.

GaN nanowire.

The next growth experiments were also carried out depositiogt 5 nm InGaN onto
the GaN wires. The investigation of those coated wir@spsogress at MFA.
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Aluminium Oxide Films Deposited by Plasma-Enhanced
Atomic Layer Deposition for Corrosion Protection

(CORRAL, FP7, CPFP213996-1)

S. E. Potts (UT Eindhoven), L. Schmalz (FEM), M. Fenker (FEM), B. Diaz (CNRS
Paris), J. wiatowska (CNRS Paris), V. Maurice (CNRS Paris), P. Marcus (CNRS
Paris), G. Radndczi, L. Toéth, M. C. M. van de Sanden (UT Eindhoven), and
W. M. M. Kesselsa (UT Eindhoven)

Corrosion is a persistent problem for many modern high-precigiplications, such
as automotiveand aerospaceomponents or speciality gas equipméhese require
many high-purity precision parts and instruments of rathemptoated form which
are commonly manufactured from steel or aluminium alloys.sésh, dense and
defect-free protective coatings are necessary to preverdsaor of these parts.
Ideally, the films should form a complete sealing barigeprevent contact between
the metal substrates and aggressive environnidamic layer deposition (ALD)
is an ideal candidate for this application, as it gives high-qualitys fwith
excellent conformality, and provides precise thickness control.
Transmission electron microscopy has been used to dotthmaeguality of the coatings.
High resolution TEM images showed that thec@d deposited by both plasma-
enhanced and thermal ALD were conformal on ground Al2024-@ 3=goped 100Cr6.

Figure 1.Bright-field TEM image of ~20 Figure 2. Bright-field TEM image of ~55 nm
nm AbO3 deposited on Al2024-T3 by Al203 coatingdeposited on 100Cr6 by thermal
plasma enhanced ALD. Inset: close-up of ALD, showing a void filled with glue between
the trench area. the coating and the substrate.

For the films deposited by plasma-enhanced ALD on Al2024-T3, ¢hdéing was
present even in deep cracks in the substrate (Fig. 1).heahérmal ALD process,
there was a void present (~20 nm) between the substrate dimb¢oked with glue

used in the TEM preparation), suggesting that theOAlcoating was not well
adhered. The same was the case on 100Cr6 substrates (Fidne®, the film was
separated from the substrate by ~8 nm.
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Silica/nontronite intergrowth in chloropal
(OTKA PF 63973)
| Dédony, T. Németh, E. Vass, and V. K. Kis

Dioctahedral ferric smectites (e.g. nontronite) have general formula
(Sig.xyAlF€™))(FE™, Al )EX 1,020 (OH), -nH,0, where Ex represents the interlayer
cation. In the smectite structure which is a 2:1 layeuctire, two layers of
(Si, Fe,ANQ, tetrahedra (T) with a layer of (Fe, AQ@ctahedra (O) between them
form the building unit (TOT).

According to the nowadays used smectite structural model, th&ese of the
tetrahedra are pointing towards the octahedral layer megudth interlayer space
between the basal planes of two neighbouring tetrahedralssHaethe interlayer
space there are hydrated exchangeable cations.

SAED and HRTEM studies on chloropal from Génc, Hungary rexetle oriented
intergrowth of silica and nontronite. However the sikcaéctite association in fine
grained smectitic materials (e.g. bentonite) is fredyerported in XRD studies, to
our knowledge this is the first time it was observed diydnt HRTEM. Based on the
idea of reversed tetrahedra by Edelmann and Favejee we proptsetara model
for this epitaxial intergrowth. Our model has a formulgFefSisO:5(OH)s] and
implies 2 excess oxygen positions per formula unit with mspe the widely
accepted and used Hoffmann-model. The charge balance imimadhwith hydroxyl
substitution. TEM-EDS analysis proved the excess oxygen i @dmtronite, and IR
spectrum of the hydroxil stretching vibration supports the medt role of OHin the
structure. The varying amount of excess negative chargelZ345per formula unit)
suggests a chemical and structural heterogeneity on themeder scale in Gonc
nontronite. The validity of the proposed model with respedhdcstvelling properties
of nontronite is also discussed.

Figure 1 HRTEM of chloropal, elec- Figure 2 Structural models proposed for
tron beam is parallel to the structural the silica/nontronite intergrowth (A) hcp
layers. Arrows show layer terminations. silica stacking (B) fcc silica stacking
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Structure and thermal stability of sputtered Sg 4 AlxN
C. Héglund, Zs. Czigany, B. Alling, J. Birch, and L. Hultman

Thin films of Sg4AI«N, were deposited by reactive magnetron sputter epitaxy onto
MgO(111) and AJO5(0001) substrates at 800 °C from Al and Sc targets, under
conditions optimal for growth of w-AIN(0001) [56]. ScN molardtans of 22% have
been dissolved into AIN, forming a disordered single-crystaldsstilution of w-

Sa xAlyN(0001). The measured lattice parameters agree with cldwalues: the
a-parameter increases almost linearly from 3.11 to 3.21A fearied between 1.0
and 0.8, while no significant change in tb@arameter is observed. ScN contents
between 23% and 50% vyield a nanocrystalline mixture of ScN dNdpAases and
even higher ScN contents result in solid solutions of G-8IGN.

We have studied the decomposition behaviour and resulting morphatodiei
metastable rocksalt c-S@AIN by thin-film deposition and stepwise annealing [57].
Reactive magnetron sputter-depositedy s3do4N(111) films phase separate at
1000-1100 °C, by nucleation and growth at the domain boundariesané&rent c-
ScN and w-AIN (Fig. 1) due to volume and electronic-structuiemaitch of the
respective binaries (determined &aly initio calculations). The topotaxial relationship

is AIN(0001) || ScN(001) and AIN(010) || ScN(110).

First-principles calculations of mixing energy-lattice dpgccurves explain the
results and open a route for design of novel metastable pseudqgtinases based on
an understanding of the physics of functional materials swsten the most
fundamental level.

Figure 1 Cross-sectional transmission electron microscopy images showing (a)—(c) EDX
maps with Sc-rich (green) and Al-rich (blue) regions of (a) the as-deposited, (b) 1000 °C
annealed, and (c) 1100 °C annealed Sc0.57AI0.43N films, together with (d) a lattice-resol-
ved image from the same film annealed at 1100 °C with indexing of AIN and ScN ¢
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Experimental determination of the electron elastic
backcattering probability and the surface excitation parameter
for Si, Ni, Cu and Ag at 0.5 and 1 keV energies

(PL-15 Project between the Polish and Hungarian Academy of Science )

G. Gergely, S. Gurban, M. Menyhard, A. Jablonski (IPC), J. Zemek (IP), and K. Goto
(AIST)

Experimental angular resolved (AREPES) spectra measurebiiragy units on Ni,
Cu and Ag samples have been converted to absolute units (¥®xXpleeimental
elastic peak intensities measured by Zemek have been cerifi converted to
backscattering probability values, applying the database of Goto.sGdastic peak
intensities have been transformed to the conical solid amgled.1° semi-angle with
respect toay = 42° angle of detection, using the small CMA of Zemekustdple
betweenay = 35-74° angular range. AREPES spectra were calcul&tg¢duging
Monte Carlo simulation applying the EPESWIN software of Jaiiomvith the NIST
SRD 64 (elastic scattering cross-section) and SRD 71 (IMAR2M) databases. The
Tanuma parameter, the ratiolgf,fl.c was compensated using the surface excitation
correction and parameter (SERJE.aq). ledE.ad) = ldexp(Pse). The SEP parameter
was determined using the formulae of Chen and Werner. rislafgarameters of
Chen, our modified Chen values, Werner, Nagatomi, Ding anei Kave been
tested. The quality factor for surface excitation correctiefined by Jablonski was
applied. For Ni and Cu, reasonable quality factors were found assiggle material
parameter. Results are presented in Figs 1 (E = 0.5 ka¥)2a(E = 1 keV),
comparing the experimental, the calculated (MC) AREPEStspeand testing
material parameters of Werner, our modified Chen, NagatfmmiNi), Ding, Kwei
and JZ, deduced from the shape of the spectra.

Figure 1 The backscattering probabilities Figure 2 With the exception of 1 keV
derived from experiments (exp), primary energy, same as Figure 1.
calculated (MC). SEP corrected
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Growing embedded layer with sharp interfaces by means of ion
beam mixing of C/Ni layer

(SI-3/2008 Bilateral contact between Slovenia and Hungary)

A. Barna, L. Kotis, J. L. L&bér, A. Sulyok, M. Menyhard, A. L. Téth, L. lliés, and
P. Panjan (JSI)

In the previous year we have shown thajNiayer grows at the interface when C/Ni
bilayer is bombarded either by Gar Ni* projectiles, and if their projected range is in
the range of the layer thickness. The @INinterface is flat and sharp (rms roughness
is less than 1 nm). It was an important point in understanttie sharp interface to
recognize that the distributions of the ‘Gand Nf projectiles are strongly different,
which is not expected based on the ballistic model. Thighdsvn in Fig. 1; the Ni
maximum at the interface, which is expected is mgsihe mixing maximum can
be explained by the relaxation processes resultimpBegregation of the Ni took

Figure 1 The comparison of the measured Figure 2 The Ga (line) and carbide
and simulated Ni profiles. Bombardment  (symbol) distributions as a function of
conditions: 20 keV, 0 depth for fluences shown in figure.

place after the ballistic process is terminatedCNg a metastable compound with
positive heat of formation, which cannot form at equilibriuonditions. In the
present case we suppose that its formation is possible byaacyaassisted process.
If this is really the mechanism involved then there shbelé correlation between the
vacancy distribution and the carbide formation. The vacancyibdiBbn is
determined by the projectile penetration, while the vacagogycentration also
depends on the type of projectile. Fig. 2 shows the distributbtise projectile and
carbide for various fluences; there is good correlation. Sumingrthe compound
formation observed is a vacancy assisted solid statdaeaand the kinetics of the
growth of the compound layer is described by Stefan equation.
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MD-based simulation of ion-erosion and nanotopograhy on Si
(OTKA, MOB-DAAD, HPC-Europa )
P. Sile

The low-energy ion-bombardment induced surface nanotopography tlaend
nanopatterning of Si has been investigated by atomistic giomdausing a new
approach based anolecular dynamic¢MD). A new approach has been utilized for
speeding up the simulations using a reasonable cutoff indieincreased cooling
rates for keeping in hand the system temperature.

To account for thermally activated diffusion, the temperatuse deen increased to
900 K (annealing) and scaled back to room temperature. The caimbigh such
reasonable steps during the simulation of ion-erosion all®sathe generation of ion-
eroded nanotopographies of Si. We get an unexpectedly richyvafieanopatterns
formed by the self-organization of the crater rims andcadsitislands generated by
the individual ion impacts. Our results reveal that the dowrgy (0.5 keV) ion-
sputtered Si surface is not smooth, deep nanoholes of sub-20 nimdeafg rule the
landscape.

We report on an ion-sputtering induced high surface areatylesfsi~3100 rfig
(nearly 8 times larger than that of the flat surface) estimated by MD-based
computer simulation and on nanotopography consisting of voids theti@asurface
reminiscent of nanoporous Si obtained by chemical etching..
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Figure 1 Nanotopography of Si after 0.5 Figure 2 The cross-sectional slice of the
keV ion-sputtering. ion-sputtered Si slab.
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Trial and error method for determination of ion beam induced
damage at GaAs surfaces

(Hungarian-South-African TET Project)
A. Sulyok, M. Menyhérd, and J. B. Malherbe

XPS depth profiling was used to study the low energy ion bombantdimduced
changes of GaAs surface. 2p and 3d XPS peaks of As and Gatikedpewere
measured in stationary states produced by 2000 eV and 500 eV Ar+ Homabgr
and in the transition between these stationary states.

Ga in-depth distribution was estimated by using a simple dayswodel in which the.
XPS intensities were evaluated by taking into account fferelit kinetic energies of
peaks. The concentrations of the first two atomic layere free parameter, followed
by an exponential attenuation (also free parameter) toutkevalue of 50 % (see Fig.
2). These values were chosen in a fitting procedure to reprdatiacexperimental
peak ratios. The evaluation showed a Ga deficiency (As ergithnat the first
atomic layer and Ga enrichment below. Many solutions have reeeived but based
only on the data provided the stationary states no unique solotithlwe chosen.
The transition region yielded further information for th@mage caused by 2000 eV
ion bombardment. Since the 500 eV ions has much less iouamthe target atoms
then 2000 eV ions, it can be regarded as a depth profile messure determine the
alteration caused by previous 2000 eV ion bombardment. The atdriimyrof 500
eV Ar ions were also considered in the model calculation.

Figure 1 Depth profiles of Ga/As ratios  Figure 2 Reconstructed internal Ga
for low and high energy peaks. Dots — distribution at GaAs surface after 2keV Ar
measurement, line — calculation. ion bombardment.

We simulated the whole transition (Fig. 1) and it resulte the internal Ga
distribution in the 2000 eV stationary state as well (Fig. T3)is concentration
reconstruction is the first quantitative data for low epéog bombardment.
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NTPCRASH
(NKTH TECH-08-A2/2-2008-0104)

M. Menyhard, L. Kotis, S. Gurban, A. Sulyok, A. Téth, L. lliés, C. Balazsi, A. Petrik,
V. Varga, and F. Wéber

Car industry is continuously looking for new materials for weigdduction. The
introduction of the new material cannot affect the pagsesafety, however in this
guest the NTPCRASH consortium decided to find some new matien rear
underrun protection application. We have studied carbon fibeforeed composite
systems made in Hungary. Two different samples were pikpdree actual
structures and compositions are confidential and not given Resen the point of
view of underrun the sliding should also be considered. To relealribological
behavior of the chosen material we have measured the oestfff friction as a
function of sliding length. It increased considerable for bu#terial but the rates
were strongly different. The surface morphology and chemidsy changed during
the test. Figure 1 show the SEM image of the sampleeathercoefficient of friction
increased much faster. The change of the surface chemves characterized by XPS
studies. The XPS analysis could identify two carbon componsimsvn in figure 2.
The relative amount of these two components changes durirntgdheshowing that
the chemical state of the two carbon components is affdut the wear.

Figure 1 The SEM image of the surface Figure 2 XPS spectra of the two carbon

after the tribological test. components . Symbols and lines show the
two components before and after the test,
respectively.
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Nanostructured thin layers for dissolvent vapour sensors
(NKTH-METANANO)
G. Séafran, G. Pet , P. So6s, O. Geszti, Z. Fogarassy, and J. L. Labér

Nowadays environmental challenges require both self-restshimiman beings and
deployment of leading-edge technologies. Gases and dissolvent vapteased by
industry represent an extreme load to nature. Detection pututolecules and
control of environmentally friendly production necessitata®oua dissolvent vapour
sensors based on nanomaterials. We pointed out, withiMEBTBANANO project,
that nanostructured Au layers (Fig.1.) can be utilized forctiete of dissolvent
vapour in air. The electrical measurements were carriebyotlie van der Pauw four-
point method with a hardware and software developed in MFA.

The layers were structured, contacted, and exposed to satuagiears of acetone,
petroleum-ether, trichlor-ethylen and ethanol. We measwaledtrical resistance
changes attributed to work function, tunneling and/or hopping gihraliscontinuous
nanocrystals affected by the adsorbed dissolvent molecules.

Figure 1 TEM micrograph of a 5nm thick Figure 2 Response of the sensor to
discontinuous Au layer on carbon fail. multiple exposures of aceton vapour (9
times 5 seconds with 30 seconds pauses).

The vapour expositions of the sensors were implemented 9 fimés sec with 30
seconds pauses. The recovery time of the sensors was lednBséig. 2.)

The nanolayers prepared by laser ablation and ion bombardi&i) showed
higher noise and potential offset. They worked reasonably faneittexposure, and
hardly for other solvents, and showed a strong temperaturécoef of resistance
(TCR). The samples prepared by thermal vacuum deposition (MEB%ed to be
stable, with no potential offset and no remarkable TCR. T¥eg sensitive to polar
dissolvents e.g. aceton and ethanol and showed a weak regppes®leum-ether.
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Ceramics and Nanocomposites Department

Head: Csaba BALAZSI, Ph.D., senior scientist

Research Staff Ph.D. students / Diploma workers

. Janos VOLK, Ph.D., Deputy Head of - Rébert ERDELYI, Ph.D. student
Department . Eszter FULOP, Ph.D. student

. Péter ARATO, D.Sc. . Viktoria HALASZ, diploma worker

- Laszl6 BARTHA, D.Sc. Professor - Péter KONCZ, diploma worker
Emeritus * ) - Viktoria KONRAD, diploma worker
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. Andras DEAK, Ph.D. ** . Péter KUN, diploma worker

. Istvan GAAL, C.Sc. * - Aron NAGY, diploma worker

- Gréta GERGELY, Ph.D. ** - Valentin SOTI, diploma worker

- Ngyuyen Quoc KHANH, Ph.D. - Zoltdn SZABO, Ph.D. student

- Istvan Endre LUKACS, Ph.D. . Orsolya TAPASZTO, Ph.D. student

- Judit PFEIFER, C.Sc * - Mihély TOTH, diploma worker

- Attila Lajos TOTH, Ph.D.
Technical Staff

. Levente ILLES, engineer

- Attila PETRIK, engineer )

. Viktor VARGA, technician * parttime
. Ferenc Viktor WEBER, engineer ** on leave

The main task of the laboratory is to study the relationshigtsveen processing
parameters, micro- and nanostructures and properties of ceraamd their
nanocomposites. Some recent activities:

- investigation of structural, mechanical, electrical, bimabproperties,
development of carbon nanotube/nano-graphite silicon nitride cdepos
1D, 2D and 3D semiconductor (ZnO, \W@xides for sensor devices,
nano-hydroxyapatite biocomposites for medical and environmened, us
outcome of advanced preparing methods.
development of nanostructured stainless steels by powder matallur

- pilot scale production of silicon nitride tools and parts exaswell.

Our department has co-operations with universities andnthesiry as well. Joint
laboratories with BTU (Chemical Nanostructures and EleeBeam Lithography)
have been set up. Our proven research staff actively parigipa training and
supervising of undergraduate and graduate students (Summer SED&OIM.Sc,
Ph.D.); and gives chairs, scientific committee membeisternational conferences.
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Silicon nitride-based nanocomposites
(OTKA K63609)
O. Tapasztd, F. Wéber, G. Gergely, A. Petrik, J. Pfeifer, P. Aratd, and C. Balazsi

In the earlier years our department reached significartesses in the research of
ceramic matrix composites (CMCs), we worked out first prongsechnology for
nanocomposite with carbon nanotube reinforcing phase.
In this year our work focused on the morphology of carbon additMes.effect of
the following factors was examined in detail:
- Application of a new sintering method Spark Plasma SintéBR) instead of
hot isostatic pressing (HIP)
- Replacement of carbon nanotubes by graphene or exfoliatedtgrayath is
modification of the shape of particles of carbon additive
- Finding the optimal milling procedure that is modificationtef size of the
particles of carbon additive
The effect of different sintering methods has been studiedoioperation with
Materials and Surface Science Institute of Limerick Unsitg by SPS and our
Department by HIP. Electron microscopy reflected the difiseebetween the chosen
procedures. Majority of carbon nanotubes after HIP treatmemtefbtbundles, while
a quasi-periodical arrangement developed in samples obtained bywiFrS
characteristic distance about 200 nm (Fig. 1 and Fig. 2).eSmblications suggest
that, while the average temperature during SPS is signify lower than during HIP,
additional energy is given by the electrical current todbmetacts resulting in high
local temperatures. This mechanism may be responsible daurthsual features of
SPS.

Figure 1 Nanocomposite after HIP. Figure 2 Nanocomposite after SPS.

Silicon nitride ceramics reinforced with either exfoltfew-layer graphene or multi-
walled carbon nanotubes have been investigated by mechan@silinements in co-
operation with Institute for Manufacturing Technologie<Ceramic Componenignd

Composites,Universitat Stuttgart Germany. The graphemneinforced composites
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showed better mechanical properties, than the carbon nanmuatsned ones under
the same experimental conditions (Fig. 3).

Figure 3 Comparative diagram of different mecha- Figure 4 3-point bending
nical properties of few layer graphene (gray) and strength of nanocomposites
carbon nanotube (red) reinforced Si-N composites  as a function of the milling
prepared under the same experimental conditions.  time for GPS and HIP.

The effect of milling time on the three point bending regté is shown in Figure 4.
The composition of ceramic component was: 90wty Sidwt% AlLOz; and 6wt%
Y.0s; 3wt% carbon nanotube was added. The powder mixtures weled nii
distilled water in high efficiency attritor mill with gh rotation speed, 4000rpm. Best
results were achieved by intermediate milling times (3hglvassured a high enough
final density and good nanotube dispersions, but preserved themead properties
of nanotubes.

Multilayer graphene nanosheets by exfoliation of graphite in
high efficient attritor mill

P. Kun, F. Wéber, A. Petrik, V. Varga, ZE Horvath, L. lllés, and C. Balazsi

Graphene multilayers have been prepared by mechanical methed ba milling
graphite in highly efficient attritor mill. The ressishowed that the best dispersion
media is ethanol, and 10 hours of intensive milling
proved to be the most efficient way to separate the
graphite layers as it was shown by scanning
electron microscopy (Fig. 1). The results showed
that intensive milling in ethanol is the enhanced
way to separate the graphite layers, rather than in
water or in air. The average thickness of graphene
multilayers was LC = 13.76 nm according to XRD
Figure 1 SEM micrograph of measurement. These results implicate that the
nanographite milled by graphene multilayers were composed of approx. 40
attritor after 10h milling. graphene layers on average.
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Nanostructured oxide dispersed strengthened steels

P. Koncz, F. Wéber, A. Petrik, V. Varga, and C. Balazsi
(in co-operation with KFKI-AEKI and Istanbul Technical University)

The development of oxide dispersed strengthened (ODS) steelsebn conducted in
the field of fast reactor fuel cladding application and fusieactor materials
application. ODS steels show high strength at high-tempeiat ODS steels have
attracted attention for advanced nuclear power plants applisasuch as fast and
fusion reactors. We developed ODS steels produced by intensilieg nibgether
with spark plasma sintering. The structure of powders is deraily changed after
intensive combined (wet and dry) milling.

Figure 1 SEM images of the fracture Figure 2 SEM images of the fracture
surface of sintered austenitic ODS surface of sintered martensitic ODS
with 1 wt% YO, addition. with 1 wt% YO; addition.

Grains of steel with 100 nm mean size have been observed bynStiMtenitic ODS
steels (Figs. 1 and 2). In comparison the martensitic G@8ls microstructure
consisted of grain size with 100-300 nm in average. Combinethgnitsulted high
hardness and strength.

Tungsten Oxide Functional Ceramics
(MTA-OTKA-NSF)
C. Balazsi, J. Pfeifer, I. Lukacs, A. K. Nagy, and A. L. Téth

The excellent gas sensing properties of the tungstensokaee been manifested first
of all in nanostructure open structured forms. We produced nanofiliiesises
containing reasonable amount of tungsten oxide by electrospinngtbodn A
solution of polymer cellulose-acetate (CA) and inorganic addigout in a syringe,
which is controlled by a step motor. The solution leaves thelacand flies to the
target (a metal plate) driven by the high voltage switcheéddsn the target and the
needle. The solvent evaporates in the air and the dry nfiattes a fibrous tissue.
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Tungstic acid hydrate gWwO, H,O) and tungsten oxide hydrate (WO3H0) were
added to the polymeric precursor. We analyzed the samples’usérugith scanning
electron microscope (Fig. 1). The tungsten content ofinditeers was monitored by
energy dispersive spectroscopy (Fig. 2).

Figure 1 SEM image of cellulose Figure 2 EDS map of cellulose acetate
acetate tissue doped by WO3H,0. tissue doped by W(Q/3H,0.

Figure 3 A special issue of Sensor Letters has
been edited by Csaba Balazsi in this emerging

field of Novel Bio and Chemosensing Materials
for Health, Safety and Security Applications.

Nanoparticulate Langmuir-Blodgett films
E. Fulop, and A. Deak

Langmuir-Blodgett technique is used to create monomolecularomoparticulate
thin films (Fig. 4). In our laboratory we focuse on creatmagoparticle thin films of
amorphous silica (Stdéber) and core-shell nanoparticles métal, especially gold
cores and silica shells. Our goal is to create film$ wjitecial optical, structural and
electro-optical properties. Organized Stober silica films lmarmade in a wide size
range of the silica particles. They can be used for thesfigation of interactions
between nanoparticulate masks and ion-irradiation, and naaresfithography. For
the core-shell LB-films we use silica coated gold nanorddg. (5). The optical
properties of the film can be tuned with the size and aspéotof the gold nanorod
and with the thickness of the silica shell. The layaes disordered, so the optical
properties of the films correspond to the optical propertiesegbaiiticles in solution.



Yearbook 2010 127

Figure 4 AuSIO films. Figure 5 Gold solutions with tuned
optical properties.

Improvements in FIB TEM Lamella Preparation
A. L. Toth, L. lliés, G. Safran, and G. Z. Radnoczi

The transmission electron microscopy (TEM) is one of thet mersatile methods of
the visualization and investigation of micro- and nanosiadtures The ideal TEM
sample has to be free of artefacts. The amorphizationeiobthe most detrimental
artefact of ion beam preparation, and unfortunately thea8iples are sensitive to
amorphization. We optimized the milling sequence, the aofj@cident beam, the
intensity and energy of the Gaon beam current, in order to decrease the
amorphization (Fig. 1). Combining the capabilities of the wlaBmartSEM
software, instead of a fixed 30 keV, a wider (10-30 keV) eneamgea became
accesible. Fig. 2 shows a very broad (~1um) amorphized ré@lyionthe Si in a non
optimized sample. This is marked by the arrow between the afdipe sample and
the start of crystalline region (O). Amorphized thiclkses~120nm.

Figure 1 Ga+ penetration  Figure 2 Very broad ~1um Figure 3 The sample
for 10 and 30 keV in Fe amorphized region () in Si  with optimized FIB
target (SRIM calculation).  in a non optimized sample. parameters.

Fig. 3, however, represents a sample with optimized FIRrpeters that exhibit
~90nm broad amorphized region, corresponding to 11nm amorphizedetbsckihwe
estimate identical wedge shape of the thinned edge shthple. This means a much
higher quality TEM sample with less artefact.
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Bending modulus measurement of vertical ZnO nanowires
(OTKA PD77578)
R. Erdélyi, L. lllés, and J. Volk

In the last five years a considerable effort has been danedstigate the mechanical
properties of low dimensional zinc-oxide nanostructures suchmmods (NRs) and
nanowires (NWs). This interest is mainly fueled by thpemrance of novel ZnO NW
based energy harvesting and mechanical sensor devices. $he nhechanical
guantities strongly influence the attainable device performanch as output voltage
of a nanogenerator or sensitivity of a piezoelectric foersar.

Our work aims to make a systematic mechanical, elegtriead coupled
electromechanical investigation on ZnO NR/NW. The mmgoal of 2010 was to
determine the bending modulus of as-prepared vertical ZnO NRspaiformed a
well controlled in situ bending test in a scanning electracroscope on individual
ZnO nanorods. The crystallographically aligned vertical nastals were grown by
wet epitaxial growth method through an electron beam geeépattern. They show
good homogeneity, their length and top facet diameter vatheinange of 1.3-1.5m
and 97-113 nm, respectively (Fig. 1). The nanorods, whichad &t their roots by
the substrate, were bent at their free end along the <li@takographic direction
by a calibrated atomic force microscopy cantilever mounted oananmanipulator
arm (Fig. 2). The typical deflections, caused by ~40-60 ndidhtoads, fallen in the
range of ~50-100 nm. In order to take into the account the ndoromcross section
along the vertical axis, we proposed a two-part mechanicallmetieh is built up
from a lower truncated circular, and an upper truncateddasned cone. The obtained
bending modulus is 36.0+8.3 GPa, which is significantly lowantinat of the bulk
ZnO (140 GPa).

Figure 1 Scanning electron micrograph  Figure 2 Schematic illustration of the in-
on highly ordered ZnO nanowire array.  situ bending experiment in the scanning
electron microscope.
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Patterned grown ZnO nanorod arrays for 3D photonic devices
Z. Szabé, R. Erdélyi, J. Makai, J. Balazs, and J. Volk

On-purpose positioned epitaxial ZnO nanorods were grownamsgarent substrate
by wet chemical method. Optical diffraction and transmittameasurement showed
the two-dimensional ordering of the nanorods as well asitite and wavelength-
dependent transparency. The realized model structure pronises applications
such as three-dimensional solar cells and photodetectors.

Figure 1 SEM image of the nanorods (left), Figure 2 The spectral transmittance
the resulted hexagonal diffraction pattern of the bare, thin film, and nanorod
(middle), and the FDTD simulated light array.

distribution (right).

The high degree of vertical alignment can be ascribed tephaxial ZnO seed film
deposited on a c-plane sapphire substrate by pulsed laser deposittmd (Fig. 1).
The seed pattern for the growth was created by electram bighography system.
The 200x200pfpattern is defined as spots which are arranged in a uf@migttice
where the lattice parameter was set to 740nm. The highlyeatdaO nanorods were
grown hydrothermally through the electron beam patterned PMBi&r in an
aqueous solution contained the same molar amount (4 mM) of ritrate
hexahydrate [Zn(Ng), 6H,0] and hexamethylenetetramine [(4M,] (HMTA) in a
multipurpose oven (85 °C, 3.5hours). The length and the diametde nanorods
were 2-3um and 200-350nm. In the laser diffraction measurehemianorod pattern
was illuminated from the back-side of the sample by anuwsted and collimated
laser beam. We screened the diffraction patterns on a pfemughed glass by using
subsequently Ar 1E488nm) and He-Ne | £633nm) laser. Transmittance
measurement (Fig. 2) was taken by a similar arrangemenising halogen lamp
source instead of the laser, an additional monocromatoraaptotodetector. The
positioning of the ca. 1@@n diameter spot was adjusted via an eye-piece. Both
optical measurements were compared with finite-differgime-domain simulations
in a computational domain of 100 5un? which involves the top region of the
substrate, the nanorods having tapered geometry as welbpimast layer for air.



130

Substrate effect on the growth of vertical nanowires
(MTA-JSPS mobility grant, 117)
R. Erdélyi, I. E. Lukécs, Z. E. Horvéth, and J. Volk

Vertically aligned ZnO nanowire (NW) arrays attractraag interest due to a variety
of astonishing potential applications in photonics, piezotsoai well as in chemical
and biological sensing. These applications require differemtskaf nanostructures
concerning the geometry of the NWs and the degree ofalgirment.

In our previous works we demonstrated highly uniform on purpose positioned
epitaxial ZnO NRs which were hydrothermally grown on Zwsihgle crystal.
However, in most of the applications an alternative sulestnaterial is preferred i) to
reduce the cost, ii) to integrate the nanostructure vhSi technology or iii) to
attain light confinement in the NR/NW by refractive indeontrast at the bottom of
the cavity. In case of wet chemical methods a ZnO segst ia needed, which
strongly affects the geometry and orientation of the NR&No be grown on the top
of it. Our work aims to investigate the effect of the skg@r on the geometry and
alignment of the patterned grown ZnO NRs by using five diffetypes of ZnO seed
surfaces: single crystal (Figs. la, 1f), pulse laser degb$RLD) layers on three
different substrates (on Ab; (Figs. 1b, 1g), on PY/AD; (Figs. 1c, 1h), on Si (Figs.
1d, 1i)), and sputtered polycrystalline layer (Figs. le, 1j). Aiph adatom mobility

in PLD growth technique allows the ZnO to crystallizedilyaeven on amorphous
substrates, such as the native Si@ssivation layer on the surface of the Si substrate.

Figure 1 Scanning electron micrograph of vertical ZnO nanowires grown on different
substrates.

The effect of the crystallinity of the seed layer on @ginewn nanowire arrays was
investigated by an x-ray diffractometer (XRD) system havimnZnsional detector.
The mis-orientation angles of all the unit cells in $eed layer (mosaicity) and in the
nanorod array were evaluated by the “full width at half marnhualue (FWHM) of
the XRD -rocking curve. It turned out that the FWHM opeak of ZnO rods show
almost the same value as that of the corresponding subsiratiesiting that the
alignment of the grown ZnO nanorods is mainly affected byntheaicity of seed
layer rather than by the surface roughness.
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Highly ordered vertical ZnO nanorods by nanosphere
lithography

Z. Szabd, E. Fulop, I. E. Lukacs, and J. Volk

Nowadays, there is a high demand for large-scale highly ardexaorods for new
type of devices such as 3D solar cells, photodetectors, photgstals etc. However,
the common nanopatterning methods are either too slow fge lareas (e-beam,
focused ion beam), or they need extremely expensive and higlhtres masks

(photolithography, nanoimprint lithography, self-powered teteclithography).

In this work we use nanosphere lithography (NSL) as apland straightforward
method for large area patterning. NSL uses self-assembledolager of

micro/nanospheres (NS) (Stober silica, polystyrene) as alphography mask to
generate hexagonally ordered holes in the underlying ph@&brasanospheres
function as lenses hence bring the UV light into focus dbnhe mselves. According
to our 3D finite-difference time-domain (FDTD) simulatiomhen illuminating the

photoresist/NS structure with UV light (i-line, 365nm) the kpaatensity in the

200nm thick photoresist layer can be 6 times higher thanofhtite incident beam
which allows selective development for the hexagonallgreyed focal spots (Fig. 1).

Figure 1 FDTD simulation: Cross Figure 2 SEM image of the nanosphere
section of the device geometry and of the lithography patterned and hydrothermal
intesity distribution. grown ZnO nanorods.

In order to demonstrate the NSL method experimentallfirsita thinned £180nm)
photoresist was spin coated to’&Bnt ZnO single crystal substrate. After pre bake,
silica sphere (500nm diameter) monolayer was deposited by LarBiodgett (LB)
technique, which ensures a closed packed NS arrange menbplitmized exposure
energy was 12mJ/émwhich is lower than the standard dose in conventional
lithography because of the focusing effect. After the remo¥allica nanospheres by
a quick HF rinse, the photoresist was developed in 1:2 devel@ter-solution for
30s. The hydrothermal growth of the ZnO was carried out irguimolar (10mM)
solution of zinc nitrate hexahydrate [Zn(j)©6H,O] and hexamethylenetetramine
[(CH,)sN4] at 95 °C for 2 hours. According to the SEM observation théicedy
aligned 700-750nm long and 260-280nm diameter nanorods are indeed aimaaged
hexagonal lattice (Fig. 2).
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Organic-inorganic heterostructures for third generation
photovoltaic cells

(AUT-HUN S&T mobility grant, AT-1/2008)
R. Erdélyi, Z. Szabd, Z. Baji, Z. Labadi, |. Barsony, and J. Volk

Hybrid photovoltaic cells combine advantages of both organic andganic
semiconductors. They have organic materials that cons@inpigated polymers that
absorb light as the donor and transport holes. Inorganicriataten hybrid cell are
used as the acceptor and electron transporter in the séructur

Our work aims to build novel ZnO nanowire (NW) and p-type polymseteybrid
photovoltaic cells by the infiltration into NWs. The mainaf of 2010 was to
optimize the infiltration of semiconducting polymer into NWg.first standard bulk
heterojunction solar cell was fabricated in a multilayestructure of
glass/ITO/PEDOT:PSS/P3HT:PCBM/Ca/Al as a referedewice. The solar cell
showed relatively high power efficiency =3.28%) at \W=550 mV,
lsc=9.91mA/cni, and FF= 0.603 values (Fig. 1). In accordance with the reneirs
of organic solar cells, ZnO nanowires with low diamé&30nm) and with relatively
limited length (<300nm) were fabricated. We compared two 2m@fiim deposited
by atomic layer deposition (ALD) and reactive plasma sputtemeghod. It was
found, that on the ALD seed layer the NWs grow in lodensity (~70/uf) than on
the sputtered layer (~400/@)mn Further difference that the NWs grown on the
sputtered layer are aligned more to the surface normal. Bgpes of
glass/ITO/ZNO/NW stacks showed relatively high opticalgnaittance in the visible
region (T>73%) and relatively low sheet resistivity (<4Q0cm), which are
indispensable for high performance hybrid solar cells. Theitgfof ZnO nanowire
arrays for the infiltration of poly(3-hexyl-thiophene) (P3HWas investigated by
using three different solvents: chloroform, chlorobenzene& dichlorobenzene.
Although the chloroform solution showed the most homogenoyesr lan optical
microscope, SEM observations revealed that both chlorobenzenechtarabe nzene
solvents show better infiltration (Fig. 2).

Figure 1 I-V characteristic of a standard  Figure 2 ZnO nanowire array infiltrated
bulk-heterojunction solar cell. by chlorobenzene solution of P3HT.
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Synthesis of horizontal ZnO nanowires for integrated sensor
fabrication

(OTKA K76287)
N.Q.Khanh, J. Volk, I. Lukacs, M. Téth, Z. E. Horvath, and R. Erdélyi

ZnO as a biocompatible, wide band gap semiconductor is a verysprgrandidate
material for chemical and biosensor application. One @fdt@ntages is the ability to
grow ZnO nanowires (NW) with high aspect ratio, whinbreases the sensitivity of
the NW based sensor via the high surface to volume ratioaiSanbst of work
concerning the synthesis of ZnO NWs reported on the formatfovertical NWs.
However, the synthesis of horizontal ZnO NWs, whicim@e compatible with the
planar IC technology is a key issue in the fabricationhef $mart sensors. In our
present work we have applied the wet chemical technique lanttospinning as a
simple, easy-to-scale-up method for synthesis of horizoi#.N

Figure 24 Plan-view FESEM image of Figure 25 |-V characteristics between the

ZnO nanowires laterally grown in 1 two neighboring electrodes bridged by the
mM aqueous zinc nitrate/(HMT) laterally grown ZnO nanowires measured in
solution at 95C for 13.5 h.). air.

In this approach, chrome layer has been deposited on the tog RF sputtered ZnO
seed layer to prevent the growth of NWs in vertical dicectAfter patterning of the
Cr electrodes and the ZnO seed underneath by lift-off thwises have been
synthesized in 1 mM zinc nitrate and hexamethylenetét@ragquimolar aqueous
solution at 98C for 13 hours. As shown by Figure 24 many wires have grown
laterally on the oxide surface of the substrate from bothretézs. Their thickness is
in the range of 40-60 nm. Though most of them did not reach the itgpptectrode
in this sample because the wide gap (8.5 pm), several eioes with the other ones
grown from the opposite side, thus ensuring the connectiowebat the two
electrodes. The |-V curves of the device drawn in Figure 2Bvs the ohmic
conduction. When the device is exposed to UV light (360 nmyuinent increases
due to extra-charge carriers generated in crystallig@ nhigh energy photons.
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The main scientific activity is focused on the statistichysics of different non-
equilibrium systems. In collaboration with Heinig and LiediZD, Dresden-
Rossendorf) Géza Odor and Istvan Borsos developed a computey a4 TFlop
capacity) based on the application of graphical processassdétmonstrated that this
hardware with suitable software can enhance signifigabtith the speed of
simulations and the size systems investigated. Witlenfilamework of a DAAD-
MOB mobility project the interfacial pattern formatione astudied by Monte Carlo
simulations. The appearance of Griffiths phase is algstigated numerically for the
traditional contact process on a set of small world netwbyk©dor together with
Juhasz (SzFKI, Budapest), Munoz (University of Granada) arastefano
(University of Roma “La Sapienza”).

Utilising the concepts and tools of non-equilibrium statistiphysics the main
scientific efforts of this group are concentrated on thesdtigation of evolutionary
games. Many aspects of social dilemmas are studied by Szahdold, and Borsos
in collaboration with Perc (Maribor, Slovenia), and Helb{gdH, Zirich). In these
mathematical models players are distributed on the siteslatfi@e (or graph) and
following one of the possible strategies (e.g., co-operatiarefaction) they collect
income from games with the neighbors. For the evolutiogarypes the players are
allowed to modify their strategy according to a dynamical rulg,(by imitating one
of their better neighbors). In the last year we studied Wappens if the players are
allowed to punish their defective co-players. Systematic sfiootaand analytical
treatments were performed to clarify the effect of punistsn@uantified by its cost
and fine on defecting individuals) for spatial public goods garhdsrned out that
the institutional (pool) and personal (peer) punishments diferent efficiency in
the maintenance of cooperative behaviors.

Very recently we have begun to study a new version of evoluyicgeames where
small groups of players choose new strategies in a coordinatedo maximize the
group’s income. In order to simplify the latter evolutionaryerube have also
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investigated the cases of pair interactions when the nslaysility functions are
composed from their own payoff and the co-player's payoffs witiglwéactorsQ
and (1Q). This model indicated clearly that, disregarding the yn@fects, the
optimal total payoff can be achieved by myopic fraternal players stare their
common income equally (Q=1/2). Deviation from the fratebmdlavior can drive the
system into the “tragedy of the commons” for both the $elfi3=0) and altruistic
(Q=1) players. In the next years we wish to study the dpatiapetition between the
fraternal, the selfish, and the altruistic behavior iithhe framework of co-
evolutionary games.

In collaboration with Tomé (University of Sao Paulo) Borsos @mabé studied the
concept of dynamical graphs and the structure of probability ritaredong its edges
connecting configurations that can transform into eabbrahrough the elementary
processes for non-equilibrium two-state lattice systernsisidering a simple model,
namely a contact process with a weak mutation on a sqatiee] the specific
entropy production is determined. It is hoped that the lattentiqpaan be used to
quantify the deviation from the detailed balance in many ewwiaty games, too.
Juhasz and Sipos (Institute for Musicology, Budapest) developedngputer
algorithm for the motive identification in large folk song pmma. This method is
based on a dynamic time warping algorithm by determining inhenepgated
elements of the melodies and on a self-organizing mapehais (and recognizes)
the most typical motive contours. Using this system the typicdive collections of
22 national music cultures in Eurasia were determined. malysas of the overlaps
for the national melodies on the common map allowed us tw @ragraph of
connections exhibiting two distinct groups in agreemerth wie expectations based
on geographical distribution (and history). This method ie afgplied to quantify the
relatedness between languages and genes. The paraltigatien of the folk song,
the languages and the genetic data for a large setiohs:@pens new directions for
these interdisciplinary fields of science.

Two engineers, E6rdogh and Szasz, developed new image procekgnghms
including the application of a high resolution line scan c¢amesoftware
implementation, and test of accuracy and reproducibility. Contngine previous
developments the parameters of their 3D motion control saftwaodule was
improved and applied for designing flexible calibration cablékimven R&D project
in the factory Axon.

The international echo to the previous results of this greupharacterized by the
1350 citations received during the last two years.
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Efficiency of punishments in spatial public goods games
(Hungarian Scientific Research Fund under Grant No K-73449)
G. Szab6 and A. Szolnoki

The analogy between the many-particle systems of solid gtgtecs and the multi-
agent models of a human system encouraged physicist to adopbphisticated
methods of statistical physics to the fields of socialne&is. Now we demonstrate the
efficiency of this approach when considering the importasfcgunishment in the
maintenance of cooperative behavior in human societiesthisogoal we consider
spatial public goods games (PGG) with players forming five-pemaerlapping
groups on a square lattice. For the simple two-strategytbaggayers (within all the
groups) decide simultaneously whether they contribute a unit stamai common
pool or not. The total investment is multiplied by a faatoand divided equally
among the group members irrespectively of their cooperative fectoe behavior.
In this situation the rational (selfish) players should decinvestment if the cost of
investment exceeds the part of profit related to their owastment. As a result the
selfish players cannot exploit the advantage of mutual coderaistead of it, their
society evolves into the "tragedy of the commons" wherehall players choose
defection.

The introduction of punishment, however, supports the maintenafhcooperative
behavior. As a result of punishment the defector's incomedisced by a fine while
the punisher pays the cost of punishment. Now we study thetseffe pool-
punishment as an additional strategy in spatial evolutionarysP&@ the results
were contrasted with the case of peer-punishment wheputiishers pay the cost of
punishment only if it is necessary, that is, when the afiefe is sanctioned. In the
case of pool-punishers the punisher's contributions cover theofdgstitutions
(police, judge, etc.) independently of their efficiency. Asesault, in the absence of
defection the pure income of peer-punishers is equivalertioge tof co-operators
considered as "second order free-riders" while a pool-punisinedsne is always
exceeded by the co-operators. A preceding study on pool-punishmeantl-imixed
populations concluded that pool-punishers can prevail over peer-psnisite if the
second-order free-riders are punished as well. For the prgsatml systems the self-
organizing spatiotemporal structures help the maintenanceppoghment and the
resultant phase diagrams exhibit a surprisingly rich set ledvbers when tuning the
cost and fine parameters for two typical values of multipiteattactor at a fixed noise
level.

During the evolutionary imitation process a randomly chosen plagan adopt the
strategy from one of the neighborg) (with a probabilityVV:1/(1+expPX—Py)/K)

dependent on the payoff diﬁerendéX(Py) and a noise paramet&r characterizing
the stochasticity in the imitation process. The playpagoffs are collected from five
five-person PGGs and reduced by the cost of punishment footbperators and by
the fine for the defectors if the punishment is executetially the players use either
C (cooperation) ob (defection) orO (cooperative pool-punisher) strategies and after
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a suitable thermalization time the system evolves intatosary state characterized
by the portion of strategies and the resulting spatiotemporarpsttThe results are
summarized in fine-cost phase diagrams.

Figure 1 Fine-cost phase diagram for Figure 2 Fine-cost phase diagram for
r=2 in the low noise limit. r=3.5 in the low noise limit.

Both phase diagrams illustrate that only defectors renlaia ésee the D phase in
Figs. 1 and 2) for low fine if the cost of punishment does no¢exk a threshold value
dependent on fine. When increasing the fine for an adeqahte of cost if=2 then
first the pool-punishers beat defectors (see the phaseR®y.i 1). For higher fine,
however, all the three strategies coexist due to thergng cyclic (rock-paper-
scissors type) dominance among them [the latter phasditsatied as (D+C+@Q). It

turned out that defectors and pool-punishers can also coeifish wie phase DO.
The latter two-strategy phase occurs for higher cost véaflues.5, and it becomes
unstable against the appearance of a self-organizing rpattegzre D, C and DO
phases invade cyclically each other. Notice, furthermbeeFtphase in Fig. 2 where
the cyclic dominance yields growing oscillations in the portof strategies and
finally the system evolves into one of the homogeneous (abspdiatgs. For higher
values ofr the relevance of punishment is reduced because of the ghern of
pure cooperation in the stationary states.

The exploration of the above phase diagrams required thesetiesf the systematic
stability analysis between all possible pairs of subsysteratisad. Similar
phenomena are expected when the numbers of strategi@xgased in the spatial
evolutionary games.
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ACTIVITIES
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MFA Seminar Talks

13 January 2010 Botond BAKO
(Department of Metal Physics Research, CEA-Saclay,cEjan
“Simulation of dislocations interacting with nanophases in a
model FCC crystal

20 January 2010 Géza ODOR
(MTA MFA, Budapest, Hungary): Surface pattern formation
and scaling described by conserved lattice gases

27 January 2010 Attila SZOLNOKI

17 February 2010

22 February 2010

24 March 2010

31 March 2010

7 April 2010

14 April 2010

(MTA MFA, Budapest, Hungary):1$ it good to have the public
bad? — About mutations acting as catalysts

Amadou MIEVILLE
(Obuda University, Kalman Kandé Faculty of Electrical
Engineering, Budapest, Hungary)THin film solar cells on
plastic substraté

Dr. Didier PRIBAT
(Sungkyunkwan University, Seoul, Korea):Synhthesis of
graphene by ion-implantatién

Zsolt CZIGANY
(MTA MFA, Budapest, Hungary): Modeling of electron
diffraction patterns for amorphous and nanocrystalline systems
and its application for amorphous and fullerene-like carbon
allotropes

Péter BASA
(MTA MFA, Budapest, Hungary): Metamaterial-based
terahertz optics

Karoly T KESI
(MTA Institute of Nuclear Research, Debrecen, Hungary):
“Interaction of charged particles with capillary inner walls -
applications

Attila PETER
(National Instruments, Budapest, Hungary)Measurement
techniques and control systems from National Instrument’ (NI)
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28 April 2010

13 May 2010

15 September 2010

22 September 2010

29 September 2010

25 October 2010

8 December 2010

15 December 2010

Janez KOVAC
(Jozef Stefan Institute, Ljubljana, Sloveniafipplication of X-
ray photoelectron spectroscopy (XPS) to characterize thin
organic films and plasma functionalized surfdces

Takahiro NAGATA
(National Institute for Materials Science, Tsukuba, Japan):
“Study of metal/oxide interface by combinatorial method

Péter VARGA
(MTA MFA, Budapest, Hungary): “Photonics?”

Zsolt SZABO
(Agency for Science, Technology and Research (A-STAR),
Singapore): Optical metamaterials

Péter KOZMA
(MTA MFA, Budapest, Hungary): Ihterferometric biosensor
based on planar optical waveguides for label-free detettion

Peter LIEBERZEIT
(University of Vienna, Vienna, Austria)Man-made recognition
materials for highly selective chemo- and bioserising

Péter GALAJDA
(MTA Biological Research Center, Szeged, HungarBpcterial
populations in microfluidic chigs

Janos SZEPVOLGY!
(MTA Chemical Research Center, Budapest, Hungargdpout
the red mud flood catastrophe at Ajkas
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Research and Development Partners
AN, J.S. (Hallym University, Korea)

BIGOS, Agneska(Institute of Metallurgy, Krakow, Polish)

CHAE, Chang-Hoon (Gangneung-Wonju University, Korea)

CHENTSOV, Alexander (Institute of Problems in Mechanics, Russia)
CHULUP, Zdenek (Institute of Physics of Materials, ASCR, Brno, Czech Republic)
CRESTOU, Catherine (CEMES-CNRS/Université Paul Sabatier)
CRESTOU, Jacque§CEMES-CNRS/Université Paul Sabatier)

FREY, Lothar (Erlangen, Germany)

HULTMAN, Lars (Linkdpping, Sweden)

INDYKA, Paulina (Institute of Metallurgy, Krakow, Polish)

IEVTUSHENKO, Arsenii (Institute of Semiconductor Physics, Kiev, Ukraina)
YAKOVLEV, Yuri (loffe Institute, Sankt-Peterburg, Russa)

KELLING, Jeffrey (FZD, Dresden, Germany)

KIM, Seong-Gon (Gangneung-Wonju University, Korea)

KOVAC, Janez (Jozefr Stefan, Institute, Ljubljana, Slovenia)

KRIZANOVA, Zuzana (Institute of Electrical Engineering, Slovac Academy of
Sciences)

LANYI, Stephan ()

LAZORENKO, Vasilii (Institute of Semiconductor Physics, Kiev, Ukraina)
LOBOTKA, Peter (Institute of Electrical Engineering Slovac Academy of Sciences)
MALHERBE, Johan (U. Pretoria, Pretoria, South Africa)

MIEVILL, Amado (FLEXSOLAR Ltd., Switzerland)

NUTSCH, Andreas (FHG IISB, Erlangen, Germany)

PARK, Young-Wook (Gangneung-Wonju University, Korea)

PERC, Matjaz (Maribor University, Slovenia)

RADEYV, Dimitar (Institute of General and Inorganic Chemistry, Bulgaria)

RADEVA, Ekaterina (Institute of Solid State Physics, Bulgaria)
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ROTARU, Horatiu (luliu Hateganu University, Romania)
TORRES, Ricardo (CEMES-CNRS/Université Paul Sabatier)
SERIN, Virginie (CEMES-CNRS/Université Paul Sabatier)
SCHULTZ, Henrik (Forschungszentrum Dresden Rossendorf
THOMAS, Ivan (Physical Institute, Prague, Czech Republic)
TSUNEO, Morita (Tateyama Ltd, Japan)

UEDA, Yoshi (Tateyama Ltd, Japan)

USTINOV, Konstantin (Institute of Problems in Mechanics, Russia)

Visitors

ALVES, Eduardo (ITN, lon Beam Laboratory, Sacavém, Portugal)
ARIAKE, Jun (Akita Institute of Advanced Technology, Akita, Japan)
ANOOZ, Saud (Institut fir Kristalziichtung, Berlin, Germany)

AYALA, Israel (Beneq Ltd, Finnland)

BOCH, Wolfgang (Head of Unit, INFSO/FET)

CHAE, Chang-Hoon (Hallym University, Korea)

COTTIER, Kaspar (U. Wadenswill, Switzerland)

FLEISCHER, Roland (Oxford Instruments, Germany)
CSERNOZATONSZKIJ, Leonid (Biochemican Institute, SaintPeterburg, Russia)
JONES, Wallis (Farfield UK)

LEE, Young Hee (U. Sungkyunkwan, Korea)

LIBERZEIT, Peter (University of Vienna, Wien, Austria)

PRIBAT, Didier (U. Sungkyunkwan, Korea)

VEPREK,Stan (Department of Chemistry Technical University Munich)
YONG, Tou Teck U. (Multimedia University, Cyberjaya, Japan)
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FOTOVILLAMOS MERESI SZOLGALTATAS

Az MTA M szaki Fizikai és Anyagtudoméanyi Kutatéintézet tobb évtizedes tapasztalattal
rendelkezik szervetlen, funkciondlis anyagok mérése és min sitése terén. Egyik kiemelt
kutatasi terllete a fotovillamos szerkezetek és anyagok el allitAsa és vizsgalata ipari
egyuttm kodésben.

Az MTA MFA 2008-t6l lizemelteti a fotovillamos napelemek bemérésére és min sitésére
alkalmas korszer vizsgéalo-laboratoriumat.

A mér berendezés m szaki adatai

Energy Equipment Testing Service Limited (E.E.T.S)
PVMT 11250 Module Tester

- A mérhet maximalis napelem modul felilet:
1.5m x0.75m.

- A megvilagitadshoz Philips 14621 Halo Nr. 55060
tipusu halogénizz6 matrixot hasznal 2% lateralis
homogenitas mellett.

- A megvilagitas egyenletességének pontossagi
osztalya: |IEC 904-9 szabvany szerint “A”.

- A megvilagitas folyamatos Gizemmaédd, intenzitasa
750-1250 Wim’” kozott allithatd.

- A megVilagitas er sségét kalibralt referencia cella
méri.

- Méréshatarok:

Feszlitség: 0-120 V DC (1% FSO)
Aramer sség: 0-20ADC (1% FSO)

A m naphoz kapcsolt szamitégépes mér -adatgy jt
rendszer rogziti:
- a napelem ill. modul aram-fesziiltség jelleggorbéjét;
- a teljesttmény-fesziiltség jelleggorbéjét;
-aminta pillanatnyi h mérsékletét.
A berendezés kiilon igény és egyeztetés alapjan lehet Vé tesz:

- h mérsékletfligg paraméter-vizsgalatot;

- megvilagitasfiigg paraméter-vizsgalatot;

- vékonyréteg modulok bemérését.
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Az intézet mérési szolgaltaltast ajanl mono- illetv e polikristalyos napelemeken és napelem-
paneleken az alabbi feltételekkel:
Mérési beadllitasok:
- 800 W/ m? , 1000 W/ m? és 12000 W/m? besugarzas,
m nappal,
-25 € normélt h mérséklet értéken tértén mérés.

Mért paraméterek:

- Uresjarasi feszlltség /open circuit voltage (Uoc);

- rovidzarasi aram / short circuit current (Isc);

- maximalis teljesitmény, fesziltség és aram (Uuep, Iupp.
Pwuep);

- modulhatasfok /solar module efficiency ( );

- kitoltési tényez ffill factor (FF).

A mérési érntékeket az IEC 60891 szabvany szerint
standard h mérsékletre korrigalva adjuk meg.

Jegyz kényv

A mérésr | az MTA MFA jegyz konyvet allit
ki, amely tartalmazza:

- a modul azonositojat;
gyarto,
tipus,
serial number,
- tAblazatot a névieges paraméterekkel;
- tAblazatot a mért értékekkel;
- mért karakterisztikakat;
-amérést végz nevét;
- amérések idejét.

A szolgéltatas ara

A szolgaltatas ara magaban foglalja a vizsgéalat elvégzésének koltségeit (kalibralas, mérések) és a
jegyz konyv készitését. Az ar nem tartalmazza:

- a mintadarab laboratériumba tortén oda- és visszaszallitasat;

- az egyedi igények alapjan kért mérések koltségeit.

A standard program szerinti szolgaltatas ara mintada rabonként:  60.000 Ft+ AFA.
Nagyobb mennyiség bemérésének megrendelése esetén kedvezményt adunk, specialis igények
esetében az ar egyedi megallapodas alapjan keril meghatarozasra.

Tovabbi informacié, el zetesm szaki egyeztetés:

Dr. Labadi Zoltan, laborvezet
labadi@mfa.kfki.hu
+36-1-392 2222/3528
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http:/iwww ellipszometria.hu /

Az MTA M szaki Fizikai és Anyagtudomanyi Kutatdintézet tobb évtizedes
tapasztalattal rendelkezik anyagok vizsgalata és min sitése terén. Az
elipszometria olyan polarizaciés optikai modszer, amely alkalmas
mikrométernél vékonyabb rétegek vastagsaganak nanométeres pontossagu
roncsolasmentes mérésére, valamint a réteg térésmutatéjanak, és szamos, a
torésmutatotdl flgg  tulajdonsaganak (pl. kristalyossag, homogenitas)
meghatarozasara.

Az MFA Ellipszometria Laboratérium a Nemzeti Akkreditalé Testilet altal
akkreditalt, az ISO 17025 szabvany szerint m kod mér labor. A
laboratérium tagja az ANNA konzorciumnak (http://www.i3-anna.org/) amely
széles korben kindl nanotechnolégiakhoz  hozzaférhet vizsgalati
modszereket.

Alkalmazasi teriletek:

Napelemtechnol6gia Szenzorikai rétegek Bioszenzorika

Bevonatok Feluletmin  ség Biolégiai vékonyrétegek
A legfontosabb min  sithet mintatulajdonsagok:

- rétegvastagsag (0.5-1000 nm);

- optikai tdrésmutaté (pontossag: ~0.001);

- homogenitas,

- hatarfellletek min sége;

- porozitas (pl. pérusos rétegben az uregtartalom);
- felUleti nanoérdesség;

AKKREDITALT VIZSGALOLABORATORIUM MERESI SZOLGALTATA SA

Nanoérdesség

- réteg-0sszetétel bizonyos esetekben (pl. Si nanoszemcse tartalom sziliciumdioxidban);
- kristalyossag (egykristalyos anyagok racsrendezetlensége, roncsoltsaga).

Feluleti nanostruktarak




146

A mér berendezés (szamitdgépvezérelt spektroszkopiaielli  pszométer) m szaki adatai:

- Gyarto és tipus: Woollam M-2000D|

- Hullamhossztartomany: 192-1690 nm

- Erzékenység: 0.1-5.0 nm (nagyon fiigg a mintatdl)

- Maximalis mintaméret: 200 mm x 200 mm

- Minimalis mintaméret: 5mm x 3 mm

- Térképezhet felllet: 150 mm x 150 mm

- Mérhet minta: 1 mikronnal vékonyabb optikai
min ség vékonyrétegek (a hatarfeliletek
érdessége/hullamossaga néhanyszor 10 nm-nél
kisebb legyen; altaldban a rAnézésre nem fényes,
matt feltlet nem mérhet )

Jegyz konyv

A mintamin sitésr | a Labor ISO 17025 szabvany
szerinti jegyz kdnyvet allit ki.
A jegyz konyv tartalmazza:
(1) a minta leirasat;
(2) a mérési korilmények részletes leirasat;
(3) a mért spektrumokat;
(4) a kiértékelés soran alkalmazott optikai
modellek kidolgozasanak lépéseit;
(5) a paraméterillesztések részleteit;
(6) a meghatarozott rétegtulajdonsagokat.

A mérési szolgaltatas ara

Az ellipszometriaban a kiértékelés munkaigénye nagysagrendekkel nagyobb, mint a mérésé. A
kiértékelés komplexitdsa nagyban fligg a mintatél. A mérés tartalimazza a berendezés kalibracidjanak
ellen rzését, referenciamérést etalonmintan, a spektrumok felvételét, az optikai modell kidolgozasat, a
mérések kiértékelését és dokumentélasat, a hivatalos jegyz konyv elkészitését. Az &r nem tartalmazza
a minta szallitasi koltségeit. A minimalisan elszamolandé egység egy munkanap.

A mérés+kiértékelés dija munkanaponként 73000 Ft+A  FA.

Az alabbi specialis (mikroelektronikai min ség ) mintak esetében az egy munkanap alatt megmérhet
mintdk szama:

- termikusan oxidlt Si: 10 minta

- levalasztott dielektrikum rétegek (a torésmutaté meghatarozasaval): 5 minta
Nagyobb mennyiség és specidlis igények esetén az munkadij egyedi megéllapodas targya. A
laboratérium egy dijmentes prébamérés alapjan fenntartia maganak a jogot annak eldéntésére, hogy a
minta vizsgalhato-e.

Tovéabbiinformacio, el zetes m szaki egyeztetés:

Dr. Petrik Péter, laborvezet
petrik@mfa.kfki.hu
+36-1-392-2222/1693
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10.

11.

12.

MFA Publications in 2010

Abo S, Kumano S, Murakami K, Wakaya F, Lohner T, Takai M: "Study on time resolution
of single event TOF-RBS measurement”, Nuclear Instruments & Methods in Physics
Research Section B-Beam Interactions with Materials and Atoms 268: pp. 2019-2022.
(2010)

Alomari M , Chuvilin A, Toth L, Pécz B, Carlin JF, Grandjean N, Gaquire C, Forte-
Poisson MA di, Delage S, Kohn E: "Thermal oxidation of lattice matched InAIN/GaN
heterostructures”, Physica Status Solidi C-Conferences and Critical Reviews 7:(1) pp. 13-
16. (2010)

Alvarez-Quintana J , Peralba-Garcia L, Labar JL, Rodriguez-Viejo J: "Ultra-Low Thermal
Conductivity in Nanoscale Layered Oxides", Journal of Heat Transfer-Transactions of the
ASME 132:(3) Paper 032402. (2010)

Ansari Farahnaz , Kavosh Masoud, Horvath R, Ramsden Jeremy: "Particle speciation
during PEG-Fe304 hybrid nanoparticle self-assembly on Si(Ti)O", Journal of
Nanoparticle Research pp. 1-6. (2010)

Attolini G , Bosi M, Rossi F, Watts B E, Salviati G, Battistig G, Dobos L, Pécz B: "SiC
epitaxial growth on Si(100) substrates using Carbon tetrabromide", Materials Science
Forum 645-648: pp. 139-142. (2010)

Bajaki A , Labar J, Csanady A, Geszti O, Hargitai H, Karman FH: "Investigation of noble
metal nanoparticles (Ag, Au, Pd, Pt) produced by chemical reduction”, Materials Science
Forum 659: pp. 115-120. (2010)

Balazsi C, Timar |, Verdes S, Balint A, Horvath P, Borbély T, Lisztes I: "Preparation and
examination of nanostructured steel powders", In: Fascicle of Management and
Technological Engineering: Annals of Faculty Engineering Hunedoara. Nagyvarad,
Romania, 2010-2010., Nagyvarad: pp. 3.16-3.23.

Balazsi C : "Development of Multifunctional Silicon Nitride Based Nanocomposites”,
Materials Science Forum 659: pp. 121-126. (2010)

Balazsi C : "Nanosized Hexagonal Tungsten Oxide Based Sensors Prepared by Sol-Gel
Method", Sensor Letters 8: pp. 694-697. (2010)

Balint Zs , Kertész K, Wojtusiak J: "Notes on the high Andean cloud forest butterfly genus
Jagiello and its relatives with description of a new species from Peru (Lepidoptera:
Lycaenidae)", Annales Historico-Naturales Musei Nationalis Hungarici - A Magyar
Természettudomanyi Muzeum Evkényve 102: pp. 119-142. (2010)

Balint Zs , Wojtusiak J, Kertész K, Piszter G, Bir6 LP: "Spectroboard: an instrument for
measuring spectral characteristics of butterfly wings — a new tool for taxonomists”,
Genus-International Journal of Invertebrate Taxonomy 21: pp. 163-168. (2010)

Banyész |, Berneschi S, Khanh NQ, Lohner T, Fried M, Petrik P, Zolnai Z, Lengyel K,
Péter A, Watterich A, Nunzi-Conti G, Pelli S, Righini GC: "Structural and functional
characterisation of slab waveguides written in Ert - doped tellurite glass, CaF,
Bis(Ge0a,)s and Bi;nGeOy crystals via implantation of MeV N* ion", Materials Science and
Engineering 15: Paper 012027. (2010)
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26.

Banyasz |, Berneschi S, Lohner T, Fried M, Petrik P, Khanh NQ, Zolnai Z, Watterich A,
Bettinelli M, Brenci M, Nunzi-Conti G, Pelli S, Righini GC, Speghini A: "Characterisation
of slab waveguides, fabricated in CaF, and Er-doped tungsten-tellurite glass by MeV
energy N' ion implantation, using spectroscopic ellipsometry and m-line spectroscopy",
In: Righini GC, Honkanen S, Jalali B, Pavesi L, Vivien L (Eds.), Silicon Photonics and
Photonic Integrated Circuits: SPIE 7719., Bellingham: p. 77190G.

Beke D, Pongracz A, Battistig A, Josepovits K, Pécz B: "Selective Growth of
Nanocrystalline 3C-SiC Thin Films on Si", In: E-MRS 2010 Conference, Symposium F:
Wide bandgap cubic Semiconductors: from growth to devices. Strasbourg, France,
2010.11.01, pp. 23-26.

Benedek A : “Nyari iskola az MTA MFA-ban: Bevonatok és racsok — szilika az aranyon”,
Elet és Tudomany, LXV. évf. 39. szam, 2010.09.24. pp.1226-1227

Benkd T, Beck A, Geszti O, Katona R, Tungler A, Frey K, Guczi L, Schay Z: "Selective
oxidation of glucose versus CO oxidation over supported gold catalysis", Applied
Catalysis A-General 388:(1-2) pp. 31-36. (2010)

Bir6 LP , Kertész K, Horvath E, Mark GI, Molnar G, Vértesy Z, Tsai JF, Kun A, Balint Zs,
Vigneron JP: "Bioinspired artificial photonic nanoarchitecture using the elytron of the
beetle Trigonophorus rothschildi varians as a “blueprint’™, Journal of the Royal Sociaty
Interface 7:(47) pp. 887-894. Paper doi:10.1098/rsif.2009.0438. (2010)

Bir6 LP , Lambin P: "Nanopatterning of graphene with crystallographic orientation
control”, Carbon 48:(10) pp. 2677-2689. (2010)

Biré LP : "A karamba zart atomoktél a DNS-b |, acsolt” 3D szerkezetekig", Természet
Vilaga 141: pp. 434-436. (2010)

Bir6 LP : "Photonic nanoarchitectures of biologic origin in butterflies and beetles",
Materials Science and Engineering B 169:(1-3) pp. 3-11. (2010)

Blum |, Portavoce A, Mangelinck D, Bernardini J, Hoummada K, Daineche R, Labar JL,
Carron V: "Simultaneous Measurements of Lattice and Grain Boundary Diffusion
Coefficients via 2-Dimensional Simulations", Defect and Diffusion Forum 297-301: pp.
978-983. (2010)

Blum I, Portavoce A, Mangelinck D, Daineche R, Hoummada K, Labar JL, Carron V,
Bernardini J: "Measurement of As diffusivity in Ni,Si thin films", Microelectronic
Engineering 87:(3) pp. 263-266. (2010)

Broitman E, Czigany Z, Greczynski G, Bohlmark J, Cremer R, Hultman L: "Industrial-

scale deposition of highly adherent CNx films on steel substrates”, Surface & Coatings
Technology 204:(21-22) pp. 3349-3357. (2010)

Czaké G, Juhéasz Z: "Beljebb a magyar észjarasba", Budapest: 2010. 320 p.

Czigany Z, Hultman L: "Interpretation of electron diffraction patterns from amorphous and
fullerene-like Carbon allotropes", Ultramicroscopy 110:(7) pp. 815-819. (2010)

Csaba K, Kiss G, Torocsik B, Labar JL, Gerencser AA, Mandi M, Adam-Vizi V,
Chinopoulos C: "Mitochondria from Artemia franciscana embryos exhibit a truncated form
of ant, associated with atypical effects of its ligands on ca® uptake capacity and unique
morphology of matrix ca® precipitates"”, Biochimica et Biophysica Acta-Bioenergetics
1797: pp. 142-143. (2010)
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