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PLENARY SESSION

Monday June 16, 1997 Morning
Lundi 16 juin 1997 Matin

9:00-9:30 OPENING SESSION

+ ALLOCUTION of L.W. Boyd
E-MRS President

* ALLOCUTION of P. Glasow
ICAM/E-MRS’97 Conference Chairman

* ALLOCUTION of G.M. Crean
ICAM/E-MRS’97 Conference Chairman

PLENARY SESSION

PS-1. 9:30-10:00 MATERIALS DEVELOPMENT AND ENGINEERING IN LOW-TEMPERATURE
FUEL CELLS FOR ELECTROTRACTION, H. Wendt, Inst. f. Chem.Technologie,
Technical University Darmstadt, Petersenstr.20, 64287 Darmstadt, Germany

After a long period of fundamental research, fuel cells became technically mature and are entering now com-
mercialization with phosphoric acid fuel cells (PAFCs). Today the Proton Exchange Membrane Cell (PEMFC)
- a low temperature cell operated at close to 100 °C - is believed to be a candidate for automobile electrotrac-
tion of zero emission vehicles.

For PEMFCs nanostructured electrocatalysts for direct anodic oxidation of methanol and the development of
innovative proton conducting membranes operating at enhanced temperature (up to 200 °C) are the most impor-
tant issues. Nanostructured catalysts are made by preparing nano-emulsions of catalytic metals and depositing
the metallic nanoparticles on high-surface, active carbon. The very thin and porous electrodes are prepared by
a spray-sinter procedure, which could be easily converted into a mass-production procedure. The development
of alternative high temperature membrane materials has not yet succeeded in a real advance, because the par-
ticular microscopic phase-segregation of Nafion membranes which causes its high protonic conductivity, is not
easy to imitate with other polymers.

Furthermore developing mass production procedures of cells and cell components is of highest priority.

PS-2. 10:00-10:30 SILK POLYMERS - BIOSYNTHESIS, PROPERTIES AND APPLICATIONS,
D.L. Kaplan, Tufts University, Biotechnology Center, Department of Chemical
Engineering, 4 Colby Street, Medford, Massachusetts 02155, USA
Fibrous proteins perform essential material functions in biology. They provide scaffolding for tissues, matrices
for shell formation, anchoring systems for many organisms, and many other roles. These protein polymers are
characterized by a regular secondary structure and a repetitive primary sequence. Protein-based materials pro-
vide useful systems from which to elucidate structure-function relationships in materials science because of the
repetitive structure and the ability to genetically tailor the polymers. The fidelity and control of primary sequen-
ce and the ability to genetically engineer proteins with precision, offer unprecedented options to explore these
relationships. Aside from synthesis issues, many of these fibrous proteins are processed in novel ways, starting
as aqueous-soluble building blocks and ending as insoluble matrices or assemblies. These conversions are of
interest for new opportunities in solventless processing at ambient conditions based on insights from these bio-
logical mechanisms. Organization of these materials at different length scales through self-assembly is an addi-
tional feature worthy of study. This talk will review some of these features related to recent advances being
made in the field of fibrous proteins. Spider sitks will be the focus although a number of other protein systems
will also be described.

10:30-11:00 BREAK

PS-3. 11:00-11:30 THE DESIGN OF «COMPUTER EXPERIMENTS», V. Heine, Cavendish Laboratory,
Madingley Road, Cambridge CB30HE, UK

The purpose of physical science is to gain understanding of the physical world. But what do we understand by
the word ‘understanding’? Computer experiments are akin to laboratory experiments: indeed most of them one
would do in the laboratory if one could. But the computer allows one a unique power to control the variables
in a system, giving a whole new freedom in designing computer experiments to elucidate understanding.
Examples will be given of the current state of the art, particularly regarding simulations based on ab initio quan-
tum calculation of electronic structure of the system at every step.

PS-4. 11:30-12:00 UNIVERSITY R&D FOR INDUSTRIAL DEVELOPMENT?, G. Wrixon, National
Microelectronics Research Centre (NMRC), Prospect Row, Cork, Ireland

PS-S. 12:00-12:30 MATERIALS RESEARCH: THE KEY TO EUROPEAN COMPETITIVENESS IN

THE NEXT CENTURY, A. Garcia-Arroyo, Director of DGXII, Commission of the
European Communities, Rue de la Loi, 200, 1049 Brussels, Belgium

12:30 LUNCH
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SYMPOSIUM A

A-ILS

A-I1.6

18:00-18:15

18:15-18:30

PHASE TRANSFORMATION OF HYDROGEN FREE AMORPHOUS CARBON FILMS
UNDER ION BEAM BOMBARDMENT, Ch. B. Lioutas, N. Vouroutzis, S. Logothetidis,
S. Boultadakis. Aristotle University of Thessaloniki, Department of Physics, 54006, Thessaloniki,

Greece.

The features of hydrogen free tetrahedral amorphous Carbon films (ta-C) prepared by RF magnetron sputtering
in room temperature, under different preparation conditions (power on the target, partial argon pressure, sub-
strate-target distance, target biasing), were examined by transmission electron microscopy (TEM). Planar view
TEM observations on specimens prepared by chemical polishing, shown characteristic amorphous rings indi-
cating a significant difference from the graphite and crystalline diamond structure. Electron Diffraction patterns
from specimens bombarded with low energy Ar ion beam show characteristic polycrystalline rings that identi-
fied with a very good accuracy to the diamond reflections. The observed phase transformation takes place
without any heating treatment in room temperature conditions. The crystallite grains size, measured from dark
field imaging using <111> diamond reflection, found to be up to 40 nm, not clearly dependent on preparation
conditions. Moreover SiC crystallites were detected in several specimens treated under similar bombardment
conditions.

ULTRATHIN SUPPORTED GRAPHITE OXIDE AND CARBON FILMS, N.Kovtyukhova,
A. Chuiko, Institute of Surface Chemistry, 31 Pr.Nauky, 252022 Kiev, Ukraine, E. Buzaneva,
National T.Shevchonko University, 64 Vladimirskaya Str., 252033 Kiev, Ukraine, A. Senkevich, A.

Shpak, Institute of Metal Physics, 36 Vernadsky Str., 252142 Kiev, Ukraine

Modem wet colloid-chemical synthetic method is considered as a new approach to supported nanostructured
graphite oxide (GO) and carbon films. The films are prepared by self-assembly from aqueous colloids of che-
mically exfoliated GO onto substrates of different nature. The multilayer films are grown one monolayer at a
time on surfaces by the consequent adsorption of two-dimensional anionic GO sheets and inorganic/organic
polycations on solid/liquid interface. The procedure works on both planar and high surface area substrates. It
is found by XRD, XPS and LSM analysis that the chemical nature of substrate surface determines the structu-
re and particles orientation of the monolayer.The monolayer thickness depends on GO colloid concentration.
;I_'ilermal treatment of the GO films at 200 C leads to GO decomposition and the formtion of supported carbon
ilms.

Creation of the ultrathin supported films that can be utilized as matrices in which to incorporate a range of ions
(Cu, Ni, Co, Ag) provides a viable approach to the construction of advanced materials.
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Session III - Carbon, Part 3
Chairperson: R. Schlogl, Fritz-Haber-Institut der MPG, Berlin, Germany

- invited -

9:00-9:30

9:30-9:45

9:45-10:00

10:00-10:15

ELECTROCHEMICAL PREPARATION OF CARBYNE-LIKE MATERIALS, L. Kavan,

J. Heyrovsky, Institute of Physical Chemistry, Dolejskova 3, 18223 Prague, Czech Republic
«Carbyne» is a hypothetical carbon allotrope containing linear chains of sp-carbon atoms. Electrochemical
cathodic carbonization of perfluorinated hydrocarbons with alkali metal (M = Li, Na, K) amalgams gives a
solid composite of n-doped elemental carbon and the equivalent amount of MF. Raman spectra of C-MF show
an unusually strong band at 2000-2100 cm! which was assigned to the C=C stretching mode of polyyne. An
optimum synthesis of carbyne-like materials represents the electrochemical reduction of stretch-oriented
poly(tetrafluoroethylene) with K- or Na- amalgams. Electrochemical polyyne is partly stabilized against inter-
chain crosslinking towards graphene by interspersed MF. A polyyne-to-graphene conversion occurs by ageing
in a long time scale (years). It can be monitored by well-defined changes of electronic and optical properties of
C-MF. Carbyne decomposes spontaneously if the alkali metal fluoride is extracted from the composite, both in
aqueous and aprotic media.

ELECTRONIC AND STRUCTURAL PROPERTIES OF FRACTAL CARBON NANO-STRUC-
TURES, H.E.Roman, A. Lorenzoni, R.A. Broglia and G. Benedek, Istituto di Fisica, Universita di

Milano, Via Celoria 16, 20133 Milano, Italy.

We study the electronic structure of nanoaggregates of Carbon atoms arranged in a self-similar fashion. The
hypotetical structure we consider is a two dimensional one, and is built up of exagons, forming a sort of self-
similar David ‘star’, which we call the Davidene. The two dimensional disposition of chemical bonds between
two Carbon atoms is similar to that in graphite. We employ an accurate tight-binding model, based on a set of
sp3 two-center hopping parameters, to obtain the structure of valence electrons for the ground state geometries
of aggregates of increasing size L. From these results we obtain the scaling behavior of the energy ‘gap’
(Homo-Lumo gap) as a function of the length scale L. A detailed analysis of the energy spectrum shows that it
becomes similar to a Cantor set for large L and possesses multifractal properties. The question of the spatial
extension of eigenstates is also discussed. In addition to the electronic structure, we study the structure factor
of the aggregates and discuss the relevance of the present calculations to adsorption experiments.

SPONGY CARBON NANOBEADS-A NEW MATERIAL, M. Sharon(!), K. Mukhopadhyay(!),
K. Yase®), S. Iijima®), Y. Ando™) and X. Zhao(¥); ()Department of Chemistry, Indian Institute of
Technology, Poway, Bombay 400 076, India; (2)National Institute of Materials and Chemical
Research, Department of Polymer Physics, 1-1 Higashi, Tsukuba, Ibaraki 305, Japan; (INEC
Corporation, Fundamental Research Lab, 34 Myukigaoka, Tsukuba, Ibaraki 305, Japan;
(#)Department of Physics, Meijo University, 1-501 Shiogamaguchi, Tempaku-ku, Nagoya 468,
Japan .
Spherical carbon nanobeads (solids and hollow) of two sizes of around 500 nm (large) and 250 nm (small) have
been synthesized by pyrolysing vapour of camphor at 1000°C in Ar atmosphere, using ferrocene, as catalyst,
for the first time.

The EEL spectrum suggests the carbon beads to be non-graphitic and these are covered by a graphitic shell of
80-100 nm as revealed by TEM micrographs. The large beads, more than 10 are interconnected, and outer shell
covering the train of carbon beads takes the shape of fibrous graphitic carbon which perhaps gives the spongy
elastic character to the material. The average surface area of nanobeads determined by BET studies is calcula-
ted to be 16 m2g. It is suggested that this material may be useful anode for secondary lithium ion battery.

NETWORK FORMATION AND THE CONDENSATION OF ATOMIC CARBON VAPOR
UNDER QUENCHING, S.A. Shagynian, N.N.Semenov Institute of Chemical Physics, Moscow,
Russia.

It is possible to point out two processes that play decisive role in fullerene formation: condensation and che-
mical reactions of network formation that occur in the expanding flow of atomic carbon vapor under quenching.
A model of the influence of expanding flow on the vapor condensation has been suggested by us previously. In
framework of the model it is possible to consider here influence of the chemical clusterization on the conden-
sation in the immovable vapor.

The influence of network formation on vapor condensation under quenching has been studied using
Stockmayer’s model of random polycondensation. This model allows to approximate the cluster systems of all
sizes appearing after quenching of atomic carbon vapor. The distribution of clusters on sizes corresponds to
quenching temperature. The model is applicable to the process, when the chemical reaction proceeds much fas-
ter than the phase condensation of vapor. Then Sanchez-Lacombe model has been used to take into account
both the mixing processes of clusters of different type and the phase condensation in the system. There have
been found the equation of state of the clustered system, with the unusual boundary of stability of the space
homogeneous states.
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A-IV.1

A-1V.2

A-IV.3

A-IV4

10:15-10:30

10:30-11:00
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ELECTRON MICROSCOPY STUDIES OF FCC CARBON, S.M. Zharkov, J.N. Titarenko,

G.N. Churilov Institute of Physics, Russian Acad. of Sci., 660036, Krasnoyarsk, Russia

The products of plasma-chemical reactor have been investigated using transmission electron microscopy.
Particles have been found out, they had dimensions from 10 nm to 1000 nm. The electron-diffraction pattern
of particles is a face-central-cubic characteristics of the electron-diffraction pattern agree with those of the fcc
carbon which has lattice constant a=3.57 A [1].

In our case, the fcc carbon is formed in the form of particles of different shapes (round, ellipsoidal, cut). The
cut particles have 6, 8, 10 faces. Within many particles one can see complex structures. The inner structures are
varied, in addition.

[1] L.S.Palatnic et al., Zh. Eksp. Teor. Fiz. 87, 914 (1984).

BREAK

Session IV - Fullerene, Part 1
Chairperson: G. Van Tendeloo, University of Antwerp, Antwerpen, Belgium

- invited -

11:00-11:30

11:30-11:45

11:45-12:00

12:00-12:15

ION MOBILITY STUDIES OF CARBON CLUSTERS FULLERENES AND METAL-COATED
FULLERENES, P. Dugourd, R; Hudgins, J. Fys and M. F. Jarrold, Northwestern University,

Department of Chemistry, Evanston IL 60208-3113, USA

High resolution ion mobility measurements have recently revealed the presence of a number of previously unre-
solved structural isomers for carbon clusters, these include a variety of ring isomers and fullerenes with holes
in the cage. The results of these studies wlll be described along with new results on clusters generated by coa-
ting fullerenes with metal atoms. In the case of niobium, a single niobium stays on the outside of the cage, but
two or more niobium atoms promote the formation of an endohedral metallofullerene.

MOLECULAR ORIENTATIONAL ANGLES IN THE LOW-TEMPERATURE PHASE OF Cg,
DERIVED FROM ELASTIC DIFFUSE NEUTRON SCATTERING, O. Blaschko, G. Krexner,
Ch. Maier, R. Karawatzki, Institut fiir Experimentalphysik, Universitit Wien, Boltzmanngasse 5,

1090 Wien, Austria

The low-temperature phase of Cg is currently described by an orientational two-state model in which double
bonds of a given molecule roughly lie opposite to either pentagon or hexagon faces of its nearest neighbours.
The disorder resulting from the random occupation of these energetically nearly equivalent states gives rise to
elastic diffuse scattering whose distribution in reciprocal space depends sensitively on the molecular orienta-
tional angles. We present a neutron scattering investigation which by clear separation of elastic and inelastic
intensity contributions leads to an improved understanding of static disorder. The orientational angles derived
from our data are close to 102° and 42° for the pentagon and the hexagon variant, respectively.

The significance of this finding can be summarized as follows: The original angles were interpreted as an
attempt to reconcile molecular symmetry with crystalline long-range order. By way of contrast, the new angles
optimize the local arrangement of double bonds with respect to adjacent pentagon and hexagon faces. Our
results indicate that the structural state of Cg at low temperatures is governed by short- range interactions to
an extent which as yet has not been recognized in either theoretical or experimental work.

THE GROWTH MECHANISMS AND MORPHOLOGY OF C¢, FILMS ON DIFFERENT SUB-
STRATES, A. Richter, Department of Physics and Technology, Technische Fachhochschule
Wildau, Bahnhofstr. 1, 15745 Wildau, Germany; R. Smith, Department of Mathematical Sciences,
Loughborough University, Leicestershire LE3 3TU, UK

Fullerite Cy films have been grown by thermal evaporation on mica, glass, sodium cloride and hard diamond-
like carbon over a temperature range from 20°C to 250°C at different deposition rates. A number of films with
contrasting morphologies for different thicknesses is investigated with scanning force microscopy, x-ray dif-
fraction and Raman scattering. The unusual growth characteristics of molecular Cg on different substrates are
discussed within simple models and compared. Epitaxial, polycrystalline and textured films have been
grown.The roughness of the substrate surface and internal stress in interlayers also influence the morphology
of the Cqq films. The films can aggregate through either an island growth mode or a layer-by-layer growth
depending on the substrate material and deposition temperature. The effect of additional ion bombardment in
the energy range 300-1000 eV during film growth is studied. The damage induced to the lattice causes Cgy’s to
be linked together in the form of polymerised chains. Beside that new film structure individual carbon atoms
and Cg, molecules are displaced from the film surface so that also amorphous carbon is detected.

INDUCED ABSORPTION IN THE FULLERENE Cgq, J._Schell, D. Ohlmann, B. Hénerlage,
IPCMS-GONLO, 23 rue du Loess, 67037 Strasbourg Cedex, France, J. Serughetti, C. Bovier,

Département de Physique des Matériaux, Université de Lyon I, 43, blv. du 11 Novembre 1918,

69622 Villeurbanne Cedex, France

We measured induced absorption on free standing Xero-gel samples impregnated by Cg. To prepare these
samples, the Xero-gel matrix is immersed in a solvent containing the Fullerene in solution. The solvent is then
slowly evaporated at room temperature, the Cg, remaining in the pores of the matrix.

To study the induced absorption of the sample, we measured the transmission of laser pulses as a function of
their energy. For this means, we used the second harmonic of a pulsed NdYAG laser (532 nm) with a pulse
duration of 30 ps. With increasing pulse energy, the transmission of the sample diminishes considerably. We
also studied the dynamics of this effect, using a pump-test configuration with variable delays between pump
and test pulses. The strong 532 nm beam provided the pump pulses while we tested at the same wavelength or
at longer wavelengths using a dye continuum.
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A-IV.S

12:15-12:30

12:30-14:00

Cgp ADSORPTION ON Ni(110): A COMBINED STM AND PHOTO-EMISSION STUDY,
P. Rudolf, K. Hevesi, O. Comite, R. Sporken and R. Caudano, Laboratoire Interdisciplinaire de
Spectroscopie Electronique, Facultés Universitaires Notre-Dame de la Paix, Rue de Bruxelles 61,
5000 Namur, Belgium; A. Fardelli, N. Zema and M. Pedio, Instituto Struttura della Materia,
C.N.R,, Via E. Fermi 38, 00044 Frascati, Italy

Molecular beam epitaxy growth of well-ordered ultra thin Cgq films has attracted much interest over the last
few years because such surfaces can be used as templates for the deposition of single-crystalline thick films.
The Cg adsorption geometry depends on the lattice match between substrate and adsorbate overlayer, on the
substrate’s reactivity and its tendency towards reconstruction. In this contribution the Cg adlayer structure was
directly imaged for submonolayer coverages on Ni(110), using Scanning Tunneling Microscopy. For adsorp- -
tion at substrate temperatures above 600 K (necessary to give rise to long range order [1]), we found that at
very low coverages the preferred adsorption sites are the step edges. Increasing the coverage, once the step
decoration is completed, two dimensional Cg islands grow out on the upper terrace of the Ni steps. In agree-
ment with LEED studies[1] we identified three distinct phases with different symmetry: a rectangular phase and
two quasi-hexagonal phases, and a coverage dependance of the abundance of each phase which indicates that
the quasi- hexagonal phases are favoured at higher coverages. However, the STM images clearly show that all
three phases coexist at all coverages and that there is no clear temperature dependance for one of the two quasi-
hexagonal phases as previously deduced [1]. X-ray and UV photoemission data indicate strong hybridization
between the metal and the fullerene adlayer. Both chemisorption and charge transfer show up in the core level

and valence band spectra.
[1] M.R.C. Hunt. S. Modesli P. Rudolf and R. E. Palmer. Phys. Rev. B51. 10039 (1995).

LUNCH
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Session V - Diamond like Carbon, Poly, Part 1
Chairperson: A.R. Krauss, Argonne National Laboratory, Argonne, IL, USA

- invited -

14:00-14:30

14:30-14:45

14:45-15:00

15:00-15:15

APPLICATIONS OF DIAMOND-LIKE CARBON THIN FILMS, A.H. Lettington, JJ Thomson

Physical Laboratory, The University of Reading, Whiteknights, PO Box 220, Reading RG6 6AF,

UK

This paper reviews the current state of published work relating to the use of diamond-like carbon (DLC) coa-
tings in a range of optical, mechanical, electronic and biomedical applications. DLC does not have a unique
composition but consists of a mixture of amorphous and crystalline phases. Its properties vary considerably
with deposition conditions but it can be deposited cheaply over large areas on a variety of substrates.

DLC films can be exceedingly hard. Values in excess of 3000 kg.mm2 have been reported for its knoop hard-
ness. In addition, the materials usually have a low coefficient of fruition and are chemically durable. This makes
them excellent candidates for a variety of wear-resistant applications. The films are generally absorbing in the
visible but have good transmission in the infrared region of the spectra and are used for a number of infrared
application. There have been a number of electronic applications of DLC reported in the literature. These range
from photoemissive to electron photolithography of semiconductor surfaces. Preliminary tests with DLC have
shown an encouraging degree of biocompatibility and trials are underway on coated prostheses.

PHYSICAL PROPERTIES OF PRESSURE POLYMERIZED Cyg, B. Sundgvist, A. Soldatov,
P-A. Persson and P. Jacobsson, Dept. of Experimental Physics, Umea University, 90187 Umea,

Sweden.

When Cg, is submitted to high pressures at temperatures above ambient, intermolecular bonds are formed. The
resulting polymeric materials are insoluble, denser, and harder than the initial material. The exact structures for-
med depend on the reaction conditions and a large number of phases have been observed. We discuss here the
structures and properties of the material produced when Cg, is reacted under relatively low pressures in the
range 1-2 GPa, either completely hydrostatic (in He, N,, or silicone oil) or containing large pressure gradients.
Under special conditions, even polymeric single crystals can be formed. We discuss both structural details and
the phase diagram and reaction time of Cqj in this range, as well as spectroscopic properties and thermal trans-
port properties.

STRUCTURAL ANALY SIS OF PHOTOTRANSFORMED Cg¢(, BY VIBRATIONAL SPECTRO-
SCOPY, B. Burger and H. Kuzmany, Institut fiir Materialphysik der Universitit Wien, 1090 Wien,
Austria; TM. Nguyen and H. Sitter, Institut fiir Experimentalphysik der Universitit Linz, 4040
Linz, Austria, M. Walter K. Martin and K. Miillen, MPI fiir Polymerforschung, 55128 Mainz,

Germany

Cgo is known from previous studies to form two different structures upon illumination at different temperatures.
We present Raman-, IR- and mass spectroscopic experiments on these two different materials. The mass spec-
tra are found to depend strongly on the energy used for the desorption. The differences in the mass spectra are
surprising. A single line at 720 daltons is observed for pure Cg. In the spectrum of the dimer like material short
oligomers can be detected as it is expected. On the other hand in the mass spectrum of the material transfor-
med at room temperature, which is expected to consist of higher oligomers, nearly no signal from masses which
are multiples to Cg can be seen. In both cases the line of pure Cgq dominates the mass spectrum, even after
washing the transformed samples in 1,2,4-Trichlorobezene to remove all residual Cgy.

The results can be explained by the fact that the desorption energy is still high enough to break up the bonds
which are formed upon illumination.

STRUCTURE AND VIBRATIONAL SIGNATURES OF HOMO- AND HETERONUCLEAR
BRIDGED FULLERENE STRUCTURES, D. Porezag, R. Gutierrez, G. Jungnickel,
Th. Frauenheim. Technische Universitdt, Institut fiir Physik, 09107 Chemnitz, Germany;

G. Seifert, Technische Universitit, Institut fiir Theoretische Physik, 01069 Dresden, Germany

We have applied a density-functional based nonorthogonal tight-binding (DF-TB) method to study the structu-
re, energetics, and vibrational properties of different [Cgg],-oligomers (n=2, 3, and 4) as well as the oxygen-
bridged analogues, C;500, C12905, C 390s. The applicability of the scheme for finding the ground state of these
systems was carefully checked against more sophisticated methods including an all-electron, self-consistent
(SCF) scheme based on the local-density-approximation (LDA), and the recently developed generalized-gra-
dient approximation (GGA). We present theoretically calculated vibrational spectra, including Raman- and IR-
intensities, which yield nice agreement with recent experimental studies. We find that dimers made of Cg show
a pronounced peak in the Raman spectrum at 89 cm-!, which is very close to a low energy mode found experi-
mentally for a Cg fcc-crystal illuminated at 380 K. Moreover, the overall agreement between experiment and
theory is helpful i discriminating between different structural models. Clearly, dimers are identified to be most
responsible for the experimental observation at high temperatures. Another material transformed at 300 K
shows completely different Raman signals, that almost perfectly match the theoretical signatures of the open
triangular trimer. Finally, comparing the calculated IR-spectra of various oxygen-bridged configurations with
recent experiments we again obtain nice agreement in the observed spectral pattern, the number of bands and
their relative intensities, and confirmed by this the C,, structure with two Cgy molecules connected by a planar
furane ring for C;,,0.
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A-V.5

A-V.6

A-VI1

15:15-15:30

- invited - 15:30-16:00

16:00-16:30

NANOLITHOGRAPHY WITH FULLERENES FILMS, S.A.Gusev, E.B.Kluenkov, L.A.Mazo,
A.S.Molodnyakov, L.V.Sukhodoev, Institute for Physics of Microstructures, GSP-105, Nizhny

Novgorod, 603600, Russia

Cgp fullerenes film shows considerable promise as a material for nanolithography because of small size of
molecules and owing to high sensitivity to photon irradiation or electrons. In the present paper we demonstra-
te the capabilities of fulleride as a negative resist for electron beam lithography.

Amorphous films deposited by sublimation of fullerenes powders in a vacuum on different substrates. The films
thickness was varied from 20 nm to 150 nm. We used the ZRM20 electron beam writing system at 20 kV acce-
leration voltage and the JEM 2000EXII electron microscope operating at 200 kV for nanopatterns delineation
and characterization. Electron beam irradiation of C60 films reduces the solubility of fullerenes in organic sol-
vents: if the dose exceeds 0.1 C/cm?, the material in exposed region of the film is virtually insoluble in the
toluene. Several sets of dot partterns with a diameter of 25-30 nm and different aspect ratio had been fabrica-
ted by this manner and used as the etching masks to make nanostructures in semiconductors and metal layers.
The minimum distance of ~5+6 nm between walls of patterns had been measured, that is demonstrated high
resolution capability of fullerenes as a negative resist for electron lithography. This research has been suppor-
ted by the Grant N° 96-02-16990 of Russian Scientific Fund.

SYNTHESIS; STRUCTURE AND PROPERTIES OF SUPERHARD AND ULTRAHARD
MATERIALS FROM FULLERITE Cgp V.D. Blank, S.G. Buga, G. A. Dubitsky,
N.R. Serebryanaya, M.Yu. Popov, V.M. Prokhorov, C.A. Sulyanov, B.N. Mavrin, A.N. Ivlev,

B.N. Denisov, Research Center for Superhard Materials, Troitsk, Moscow Reg., 142092 Russia
Extended investigations of the structure and properties of carbon states metastable at standard conditions syn-
thesized from pure Cqq at pressures higher than 8 GPa and temperatures in the range 600-2100 K are the topi-
cal task at the recent time. It is caused by the revealed high hardness of obtained material. Using the high pres-
sure up to 13 GPa in a Thoroid type chamber we have obtained bulk samples, weighting up to 80 mg, of dif-
ferent Cg, states based on polymerized molecules and their fragments. In the pressure range 9.5 - 13 GPa and
the temperature range 600 - 1000 K the phase transitions into dense bulk polimerized FCC structure of Cgq with
the elementary cell parameter between 13.6 - 12.1 A were revealed, as well as into distorted BCC structures,
namely: the pseudo-tetragonal with parameters a =9.53 A, b=8.87 A, ¢ = 8.34 A, Z = 2; the orthorombic with
parameters a=10.93 A, b=8.98 A, c =7.62 A, Z = 2; and also into monoclinic crystal structure with parame-
tersa=10.27a,b=7.80A,c=9.49 A, =92.4° Z = 2. The density of hard FCC phases equals to 2.05 to 2.6
g/cm3, the density of distorted BCC phases is 2.95 to 3.3 g/cm3. Besides of crystal states, three types of amor-
phous ones were synthesized.

The obtained materials have the specific resistance in a wide range from 1 Qescm to 1 MQe<cm, and belong to
semiconductive and semimetal type. All obtained states are stable on annealing at temperature up to 1000°C.

BREAK
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16:30-16:45

SUPERHARD AND ULTRAHARD FULLERITE Cgy PHASES AND DIAMOND HARD-
NESS,V. D. Blank(1:2), M. Yu. Popov(1>2), N. Lvova®), (DResearch Center for Superhard
Materials, Troitsk, Moscow Reg., 142092 Russia, 1nstitute of Spectroscopy, Ac. Sci., Troitsk,
Moscow Reg., 142092 Russia, K. Gogolinsky, HTE company, Zelenograd, Moscow K-681,

103681, Russia, V. Reshetov, Moscow Physical Engineering Institute, Moscow, 115409, Russia
New data concerning the hardness of superbard and ultrahard carbon 3D polymerized phases synthesized from
fullerite Cg, in the pressure-temperature range 8-30 GPa and 300-2100 K (Blank et al.,, Phys. Lett. A, 220
(1996), 149) and natural diamond are presented.

The hardness test of material characterized by hardness close to or exceed that of diamond have been a pro-
blem, because of the hardness of indenter close to that of the specimen. To solve this problem, the ultrahard ful-
lerite was used as indenter material and a new procedure for the hardness test of superhard materials and dia-
mond was developed. The method of sclerometry and an indenter calibration by reference to a primary stan-
dard were applied for the hardness measurements using the atomic force microscope («NanoScan» measu-
rement system).

A hardness comparison of ultrahard 3D polymerized fullerite with diamond was performed using two types of
indenters: made from ultrahard fullerite and diamond. A crack-free indentation and indentation plasticity was
observed when the ultrahard fullerite indenter was used for the diamond hardness test. The measured hardness
is 137 + 6 and 167 = 5 GPa for the diamond faces (100) and (111) respectively. The diamond indenter can not
produce an indentation on the ultrahard fullerite specimen. The 3D polymerized phases of C reveal extreme-
ly high hardness values: 75 - 200 GPa depending on the syntheses conditions.
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DIAMOND FILM GROWTH FROM FULLERENE PRECURSORS, A.R. Krauss, D.M. Gruen,
D. Zhou, T. McCauley, Argonne National Laboratory, Materials Science and Chemistry Divisions,

Argonne IL 60439, USA .

A process has been developed for the growth of phase-pure nanocrystalline diamond thin films using fullerene
precursors in a microwave plasma consisting primarily of Ar and C60 vapor. Growth occurs in the near-absen-
ce of atomic hydrogen, and the mechanism differs significantly from that of previously employed CVD
methods, being based on the direct incorporation of the carbon dimer (C2) as the diamond growth species,
rather than the conventional CH;*-atomic hydrogen growth mechanism. For very small grain sizes, diamond,
rather than graphite is the stable form of carbon, and the initial growth therefore consists of phase-pure dia-
mond. However, small grains are rapidly etched by atomic hydrogen, and in the conventional growth process,
which relies on the use of large amounts of atomic hydrogen, the growth of larger, grains is kinetically prefer-
red over formation of new diamond nuclei. Use of the carbon dimer growth species resulting from C60 frag-
mentation makes it possible to achieve continuous renucleation of the diamond phase, and promotes formation
of ilms with very small average grain size (~15 nm). These films are exceptionally smooth (30-45 nm rms
roughness) and form continuous, conformal, pinhole-free coarings at thicknesses of a few tens of nanometers.
Such films lead themselves to a variety of applications involving friction and wear properties, protection
against chemical attack and cold cathode electron emission devices.

Work supported by the U.S. Department of Energy, BES-Materials Science, under contract W-31-109-ENG-38.

THE NUCLEATION AND GROWTH OF DIAMOND IN CARBON ONIONS, F. Banhart,
Y. Lyutovich, P. Redlich, and PM. Ajayan, Max-Planck-Institut fiir Metallforschung, 70569

Stuttgart, Germany

Spherical carbon onions consist of nested fullerene-like shells. They form under intense electron irradiation of
carbon nanoparticles in an electron microscope. At specimen temperatures above 600°C, in-situ annealing of
radiation damage in the graphitic shells enables us to obtain onions with perfectly coherent shells of high ten-
sile strength. These onions show a considerable self-compression, seen as a decreasing spacing between the
shells, from 0.34 nm at the surface down to 0.22 nm in the centre. Under prolonged irradiation, the cores of the
onions transform to cubic diamond crystals. Once nucleated, these crystals grow under irradiation until almost
the whole onion has transformed to diamond. The nucleation of diamond occurs under high-pressure conditions
which prevail in the centres of the irradiated onions. By contrast, growth proceeds at decreasing, possibly even
at zero pressure. This experiment enables us, for the first time, to monitor the transformation of graphite-like
material into diamond in-situ on an atomic scale. Results from in-situ high-resolution imaging, EELS, and elec-
tron diffraction will be presented. Thermodynamical models describing this phase transformation in a dissipa-
tive system will be discussed.

HFCVD DIAMOND NUCLEATION AND GROWTH ON DLC CARBON FILMS OBTAINED
BY LASER ABLATION, J. Miille{]), E. Fogarassy(® and F. Le Normand(!), (DIPCMS-GSI, 23
rue du Loess, 67037 Strasbourg, France; (2)CNRS/PHASE, 23 rue du Loess, 67037 Strasbourg,

France

One requirement to grow Hot Filament Chemical Vapour Deposition (HFCVD) heteroepitaxial diamond is to
start from a carbon buffer layer. Therefore diamond nucleation and growth were studied on Diamond Like
Carbon (DLC) films. The DLC films were prepared by laser ablation with different depths (5-20 nm) and dif-
ferent temperatures (300-573K) on Si(100). The nature of the DLC films were studied by electron spectrosco-
pies including X-ray photoemission, Auger electron and electron loss spectroscopies directly connected to the
growth chamber. It is shown that, whatever the depth and the deposition temperature of the DLC carbon layer,
this carbon layer is removed in the gase phase or react with silicon to form a silicon carbide layer onto which
diamond nucleates and grows. The instability of the DLC layer is ascribed to the occurrence of hydrogen radi-
cals highly reactive with the graphitic carbon formed at the high temperature of the diamond growth (1073K).
These results underline the need to get in the future a carbon layer of high stability to the CVD growing condi-
tions of diamond (high temperature, presence of hydrogen radicals).

ENHANCEMENT OF DIAMOND NUCLEATION BY APPLYING SUBSTRATE BIAS IN ECR
PLASMA CVD, H. Jeon, Chongmu Lee, Department of Metallurgical Engineering, Inha
University 253 Yonghyeon-dong, Inchon, 402-751, Korea; A. Hatta, T.Ito, T. Sasaki and A. Hiraki,

Department of Electrical Engineering, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565, Japan
Oriented diamond films were grown uniformly on Si(100) substrates by low pressure ECR microwave plasma
CVD. The substrates were positively dc biased relative to the electrically grounded chamber to get several eV
ion energies. In the ECR microwave plasma CVD the CH-He gas mixture was used as source gas to obtain a
radical density as high as that in the conventional microwave CVD. Radical densities higher than those with
the CH,-H, gas mixture were obtained using the CH,-He gas mixture. Results show that diamond nucleation
densities as high as 109%cm-2 can be attained uniformly on a four-inch Si wafer using the low pressure ECR
microwave plasma CVD method. The dependence of the diamond nucleation density on gas concentrations, rf-
power, substrate bias voltage, and deposition time was also investigated.
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INFLUENCE OF BORON INCORPORATIN ON THE GROWTH RATE AND PHASE STABI-

LITY OF DIAMOND FILMS, J. Mambou, E. Gheeraert and A. Deneuville, LEPES CNRS, BP
166, 38042 Grenoble Cedex 9, France

Boron is widely used to achieve passive as well as active devices with mono as well as polycrystalline films.
We show here, that boron incorporation has also tremendous effect at relatively low incorporation level (<
3x10-4 at) on the growth rate and phase stability of diamond films. The films are deposited by MPCVD from
Hydrogen/Methane/Diborane mixtures on Si and Ib diamond substrates. The boron concentration is calculated
from its Infrared absorption.

For polycrystalline films, the growth rate decreases first slowly (10%) up to 5.3x101? B-cm-3, then much more
rapidly (50%) to 8.1x10 B-cm-3. From Raman, the edge corresponds to the begining of loss of the crystalline
selection rules with the increasing appearance of a forbidden one-phonon band around 1230 cmrl. At 8.1x1019
B-cm-3 only an amorphous phase remains.

For monocrystalline films, the growth rate is nearly constant up to 4.8x10!% B-cm-3, then decreases drastically
(90%) to 9.7x102¢ B-cm-3. From Raman, the edge presents the same correlation than previously, but this
induces rapidly in these films a poorer crystallinity (4.8x10!° B-cm3), then microcrystalline graphitic phases
(1.9x1020 B-cm3).

The analogies and differences between the boron behaviour in poly and monocrystalline films will be discus-
sed in relationship with the different boron incorporation rate according to the growing sector in polycrystalli-
ne films.

ELECTRONIC PROPERTIES OF TETRAHEDRAL AMORPHOUS CARBON (ta-C) FILMS
CONTAINING NANOTUBE REGIONS, G.A.J. Amaratunga, M. Chhowalla, G. Lim,
A. Mumidradasa, S. Pringle, M. Baxendale, I. Alexandrou, C.J. Kiely and B. Keyse, University of

Liverpool, L69 GT, UK

Tetrahedral amorphous carbon(ta-C), sometimes loosely termed «amorphous diamond», is an amorphous form
of carbon in which the sp3 bonded carbon content can be as high as 90%. We have recently shown that the
cathodic vacuum arc method used for ta-C deposition can be adapted to create a new type of all carbon nano-
composite film in with a mixed ta-C/nanoparticle carbon(NC) structure[l]. The carbon nanoparticles are in the
forrn of well formed and fragmented nanotubes and onions which introduce extended sp2 bonded carbon
regions with 7 electronic states.

The electronic properties of these ta-C/NC films are reported in this work. The residual sp2 bonding in ta-C,
which is energetically favoured to be in paired sites in preference to an sp3 dangling bond, introduce m elec-
tronic states within the wide band-gap which results due to the sp3 diarnond-like bonding. The ultimate elec-
tronic and optical band-gaps of ta-C (2.0 - 2.9 eV) are therefore determined by these = states. The n states are
only weakly delocalised and therefore give ta-C poor electronic transport properties. The extended sp2 regions
introduced in the form of carbon nanoparticles into the ta-C film act to aid the delocalisation of the = electro-
nic states in the ta-C matrix. This clearly seen in the conductivity vs temperature data as therrnally activated
transport process with a well defined energy of activation. The conductivity of the ta-C/NC films when doped
with N is also significantly higher than that of a comparable ta-C film. Details of the transport process in ta-
C/NC films have been studied using the therrnopower method. The thermopower derived free carrier concen-
tration and the conductivity data are used to estimate the mobility. Preliminary results indicate that the ta-C/NC
composite structure leads to an improvement in the electronic properties of semiconducting low temperature
deposited thin film carbon.

[1] G. A. J. Amaratunga, M. Chhowalla, C. J. Keily, 1. Alexandrou, R. Ahranov and R. Devenish, Nauture, 383,
p321, 1996.
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ELECTRONIC STRUCTURE STUDIES OF INTERCALATED, HETERO AND ENDOHE-
DRAL FULLERENES, J. Fink, M.S. Golden, M. Knupfer, T. Pichler, S. Haffner, R. Friedlein,
P. Kuran, U. Kirbach and L. Dunsch, IFW Dresden, Postfach 270016, 01171 Dresden, Germany
‘We present a review on electronic structure studies of intercalated, hetero and endohedral fullerenes by pho-
toemission and electron energy-loss spectroscopy in transmission.

In particular, recent results on the dimers of the heterofullerene CsgN, on alkali metal doped CsoN, the endo-
hedral fullerene Tm@Cg,, and on alkalimetal doped Tm@Csg, are reported.

- THE ELECTRONIC STRUCTURE AND THE OPTICAL PROPERTIES OF Tm@Cg, PROBED

BY HIGH ENERGY SPECROSCOPY, T. Pichler, M.S. Golden, M. Knupfer, J.Fink, U. Kirbach,
P. Kuran and L. Dunsch, Institut fiir Festkdrper- und Werkstofforschung Dresden, 01171 Dresden,

German

We presezt recent results on the electronic structure and the optical properties of endohedrally doped, isomer
separated Tm@Cg, measured using electron energy-loss spectroscopy (EELS) in transmission and photoemis-
sion spectroscopy (PES). We compare the electronic structure of Tm@Cg, with that of other metallofullerenes,
especially regarding the valency of the rare earth dopant, the optical properties of the endohedral compound
(from EELS at low momentum transfer) and the occupied and unoccupied electronic structure (from PES and
EELS). From PES recorded using monochromatic AIK,, radiation we obtain not only direct evidence for the
endohedral nature of the compound but also conclusive proof of the 4f13 configuration of the Tm ion, which
means that, in this case, the Tm ion is divalent, in contrast to the well known case of La3*@Cg,3-. From the
loss function we determined the optical gap of the three isomers of Tm@Cs, in the solid state and derived the
optical conductivity performing a Kramers-Kronig analysis.

We thank the B M BF (13N 6676) and the E U (T M R) for financial support.

VIBRATIONAL SPECTRA OF Tm@Cg, AND Gd@Cg,, M. Krause, P. Kuran, U. Kirbach,
L. Dunsch, Institut fiir Festkdrper- und Werkstofforschung Dresden, Helmholtzstr. 20, 01171

Dresden, Germany

In order to clarify the electronic and structural properties of endohedral metallofullerenes we have studied the
infrared and Raman spectra of three isomers of Tm@Cyg, and of a soluble and an insoluble form of Gd@Csqj.
The infrared and Raman spectra of the 5 samples showed a similar spectral pattern. The majority of the infra-
red and Raman bands of the three Tm@Cy, isomers agreed within 10 cm-! and only few isomer sensitive bands
were found. The insoluble form of Gd@Cg, was characterized by a supercomposition of very broad and sharp
infrared bands and a loss of fine structure in the Raman spectrum in contrast to the soluble Gd@Cg, sample.
However, the majority of the vibrational frequencies of the two Gd@Cys, forms had comparable values indica-
ting a similar principal electronic structure. Strong frequency differences on the other hand were established
between the three Tm@Cg, isomers and the two Gd@Cg, samples.

CHARGE TRANSFER IN INTERCALATED FULLERENES, PV. Huong, Laboratoire de
Spectroscopie Moléculaire et Cristalline, Université de Bordeaux 1, 351 cours Libération, 33405

Talence, France, J.Z. Liu, Dept. Physics, Univ. of California, Davis CA 95616, USA

The superconductivity obtained by intercalation of simple elements in the solid system of fullerenes opens up
a new path in the research on the mechanism of their conduction.

Several fullerenes intercalated with elements like Yterbium and with simple molecules like interhalogens have
been prepared and examined by various techniques in particuliar by Raman micro-spectoscopy.

Correlations have been established between phonons frequencies and microstructure of these materials.

The phonons frequency shifts by intercalation allow to deduce that if in the complex (Cg,Yb), the charge trans-
fer undergoes from Yterbium to the fulllerene; in that of (Cgq,IBr) it is exactly the reverse, i.e. the partial elc-
tron transfer is made from the fullerene to the halogen.

References:

1. PV.HUONG, Solid State Comm:. 88, 23,1993

2. P.V. HUONG, P.M. AJAYAN, R. CAVAGNAT, O. STEPHAN, Physical Reviews B 51, 10048, 1995

SUPERCONDUCTING STATE OF ALKALINE-EARTH Cgy FULLERIDES, B. Gogia,
K. Tanigaki, NEC Corporation, Tsukuba 305, Japan; K. Kordatos, K. Prassides, Sussex University,

UK and H. Suematsu, University of Tokyo, Tokyo, Japan

Doping of Cg, with alkali metals results in simple ionic, charge transfer fulleride-compounds, A,Cgy’s which
show metallic behaviour near x = 3 and then exhibit superconducting behaviour at low temperatures. The
highest Tc(33K) observed in A;Cg4q has been only surpassed by cuprate high Tc superconductors. On the other
hand, intercalation of Cq with alkaline earth metals (Sr, Ca, Ba) results in more complex and hybrid electro-
nic structure. Superconductivity has also been reported in this class of materials in fcc CasCgy and bee
(Ba,Sr)¢Cg with Tc in the range of 4 to 8K. In the later superconducting compounds the Fermi fevel is in the
next higher t), band in comparison to alkali metal doped fullerides where it is in t;, derived band. Whether bce
AE¢Cgo strucfure (where AE = Ba or Sr) has really any correlation with occurance of superconductivity, is still
a question which requires further detailed investigation. We have attempted to prepare superconducting phases
with high quality for (Ba, Sr),Cq fullerides. In this paper, we present our results depicting the nature of super-
conducting phase based on the data acquired using X-Ray diffractometry, SQUID and NMR.

BREAK
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STUDY OF BONDED FULLERENE NETWORKS; L. Forro, Ecole Polytechnique Fédérale de

Lausanne, 1015 Lausanne, Switzerland

Following the discovery of high temperature superconductivity in doped fullerenes, the latest excitement in ful-
lerene chemistry and solid state physics is coming from structures based on intermolecular bonding of the Cq
spheres to form Cg, dimers, one-dimensional polymers, two-dimensional structures, high pressure polymerie-
zed phases 14, etc. In this presentation the structural, clectronic and magnetic properties of these systems will
be reviewed.

1. 0. Chauvet, G. Oszlanyi, L. Forro, P.W. Stephens, M. Tegze, Rev. Lett,, 72 (1994) 2721.

2. P.W. Stephens, G. Bortel, G. Faigel, M. Tegze, A. Janossy, S. Pekker, G. oszlanyi and L. Forro, Nature 370
636 (1994)

3. S. Pekker, A. janossy, L. Mihaly, O. Chauvet, M. Carrard, L. Forro, Science, 265, 1077 (1994)

4. G. Oszlanyi, G. Bortel, G. Faigel, L. Granasy, S. Pekker, G. Bendele, P.W. Stephens and L. Forro, Phys. Rev.
B54, 12228 (1996).

NMR INVESTIGATION OF ALKALI FULLERIDES AND AZAFULLERIDES, F. Rachdi(D),
L. Hajji(), H. DolitD), M. Ribet(D), T. Yildirim(®), J.E. Fischer(2), C. Goze(®), M. Mehring®),
A. Hirsch(4), B. Nuber(4), (MG.D.PC. Université Montpellier 2, 34095 Montpellier, France;
(DL.R.S.M. University of Pennsylvania, Philadelphia PA 19104, USA; (3)2. Physikalisches
Institut, Universitdt Stuttgart, 70550 Stuttgart 80, Germany; (#nstitut fir Organische Chemie,

91054 Erlangen, Germany

We report on 3C and 23Na NMR measurements on Na,Cg, and NagCgy compounds. The 13C NMR spectrum
of Na,Cg, sample presents a narrow isotropic line at 172 ppm. The NagCy, resonance appears at 176ppm and
is 20 ppm more shifted down field than the resonances of A¢Cgq compounds with heavier alkalis, reflecting a
strong polarization of the transferred electrons to the C4y molecules. The 2Na NMR spectrum of A,Cqg shows
one line at 73 ppm and the one of A¢Cg presents two lines at 73 ppm and 147 ppm. The intensities ratio of the
latter lines is about 2:1. According to previously reported X-ray data we attribute the line at 147 ppm to the Na
tetramers in the octahedral sites and the line at 73 ppm to the Na cations in the tetrahedral ones which are sin-
gly occupied. We also present 13C MAS NMR measurements on the (CsoN), dimer. The room temperature
NMR spectrum obtained by spinning the sample at 10KHz shows a weak line at 90 ppm and a group of lines
around 140 ppm. The simulation of the obtained spectra allows us to attribute the line at 90 ppm to the sp car-
bons forming the expected interball single bond and the other lines to the sp? carbons of the dimer molecules.
The distortion of the CsoN molecules due to the introduction of the nitrogen atom into the Cgg cage and the 13C-
14N dipolar coupling must be at the origin of the observed group of resonances.

STABILITY OF THE CHARGED Cgy OLIGOMERS WITH VARIOUS LENGTH, J. Kuerti and
P. Rajczy, Department of Atomic Physics, R.Eotvos University, Puskin u. 5-7, 1088 Budapest,
Hungary '

It is well known by now that the covalent bonding between Cg, molecules in various oligomers and polymers
occurs typically through the [2+2] cycloaddition, where the resulting four-membered ring between the Cg
moieties has Dy, symmetry. This structure is verified for the linear chain polymers in A,Cqy (A=K,Rb) by X-
Ray measurements. X-Ray experiments also showed, however, that Cgp),2 dimers prefer to be formed with
only a single bond between the two Cg, molecules, in the quenched phase of A Cg. The two balls are in trans-
position with C,, symmetry. Increasing the length of the (Cgp),™ linear oligomer, a cross-over should occur
from the single-bonded structure (S_Cy,) to the four-membered ring structure (D_D,y). We carried out semiem-
pirical calculations to investigate this question. Already the (Cgp),* - tetramer turned out to favor the D_Djy
structure energetically. Even more, the S_C,, tetramer was unstable and dissociated into dimers.

PROPERTIES OF ENDOHEDRAL N@Cgq, B. Pietzak, M. Waiblinger, T. Almeida Murphy,
A. Weidinger, Hahn-Meitner Institut Berlin, Glienickerstr. 100, 14109 Berlin,Germany; M. Hohne,
Institut fiir Kristallziichtung, Rudower Chaussee 6; 12489 Berlin, Germany and E. Dietl, A. Hirsch,
Universitit Erlangen-Niirnberg, Institut fiir Organische Chemie, Henkestr. 42, 91054 Erlangen,

Germany

Endohedral N@Cg (atomic nitrogen inside Cgy) is produced by ion implantation in Cgo. N@Ce is soluble in
organic solvents and stable in air. A special feature is that it gives a very clear, hyperfine splitted EPR signal
with sharp lines even in the solid. In solution, the homogenous line width is at least a factor of 10 narrower than
any EPR line observed so far. This makes it an ideal probe for monitoring chemical reactions of C4, via changes
of the EPR signal. As example, the formation of the monoadduct of diethyl malonate on Cgy will be discussed.
In general, N@Cq, can be used as a probe or tracer for monitoring reactions or the transport of Cgy.

N@Cgy is an ideal trap for atomic nitrogen. Nitrogen is in the center of Cg, and keeps its atomic structure.
Opening of the Cg shell (e.g. by heating) leads to a release of atomic or radical nitrogen. In this contribution,
studies on the vibration of N in Cgy will also be presented.

LUNCH
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CARBON NANOTUBES & BEYOND, T.W. Ebbesen, ISIS, Louis Pasteur University, 67000

Strasbourg, France and NEC Research Institute, 4 Independence Way, Princeton, NJ 08540, USA
The state of the art with regards to nanotubes will be briefly reviewed. Several examples of their physical pro-
perties will be presented. Possibilities of making materials other than nanotubes from graphitic sheets will be
discussed and some novel structures will be reported.

HIGH RESOLUTION ELECTRON MICROSCOPY OF BENDS IN MULTIWALLED CARBON
NANOTUBES, D.N. Weldon, W.J. Blau, Physics Department, Trinity College Dublin, Dublin 2,

. Ireland and G. Miehe, FG Strukturforschung, FB Materialwissenschaft, Technische Hochschule

Darmstadt, Petersenstr. 23, 64287 Darmstadt, Germany

Transmission electron microscopy shows that a fraction of multiwalled nanotubes produced in a Carbon arc
generator is actually curved. Theoretical modelling predicts that such curvature is accomplished by the inclu-
sion of heptagon / pentagon pairs into the structure. The experimental result, however, reveal no evidence for
structures with either seven or five fold symmetry. Bending is achieved merely by folding or fracture of the lat-
tice planes. An explanation of this observation can be given from molecular mechanics geometry optimisation
calculations which show that the inclusion of sp3 hybrids in the graphitic sheets can lead to similar bends.

CARBON NANOTUBES AND NANOFIBERS PRODUCTION BY CATALYTIC PYROLYSIS
OF BENZENE, A.M. Benito, E. Munoz, M.T. Martinez, Instituto de Carboquimica, CSIC, Luciano
Gracia 5, 50015 Zaragoza, Spain and Y. Maniette, Serveis Cientifico-Tecnics, Universitat de

Barcelona, Lluis Solé i Sabaris s/n, 08028 Barcelona, Spain

Catallytically grown carbon nanotubes and nanofibers are novel materials that can be produced by decomposi-
tion of carbon-containing gases over different transition metal surfaces.

Pyrolysis of bencene at ca. 600-900°C over powdered Ni generated different types of carbonaceous materials,
ranging from amorphous carbon and graphitic nanofibers to fullerene nanostructures, possesing a variety of
morphologies.

Effect of temperature and time parameters on the carbon nanofibers and nanotubes growth was analysed in the
present work.

FULLERENES AND NANOTUBES WITH NON-POSITIVE GAUSSIAN CURVATURE,
H. Terrones, Instituto de Fisica, UNAM, Apartado Postal 20-364, C.P. 01000 Mexico, D.F. Mexico
and M. Terrones, School of Chemistry, Physics and Environmental Science, University of Sussex,
Falmer, Brighton BN1 9QJ, UK

It is well known that classical fullerenes should have 12 pentagonal rings of carbon and any number of hexa-
gonal rings (except one). All these fullerenes, which have been matter of extensive study, present the same topo-
logy (genus) as the sphere. However, by incresing the topology (genus greater than 1) it is possible to genera-
te closed graphitic arrangements with no dangling bonds possessing hexagons and heptagons only. Therefore,
these new closed structures do not present the positive Gaussian curvature introduced by the pentagonal rings.
‘We have constructed computer models of different cubic (Oh symmetry) with genus 5 and icosahedral(lh sym-
metry) with genus 11 fullerene-like structures (holey-balls). We also have applied this idea to carbon nanotubes
(holey-tubes) with genus up to 21. The geometry and stability of these new complex arrangements which can
be considered as finite zeolites are analyzed.

HOW DOES A NANOTUBE GET OVER A SHARP STEP AT THE SURFACE ON WHICH IT
IS ADSORBED? Ph. Lambin, Département de Physique, Facultés Universitaires N.D-P., 5000
Namur, Belgium and L.P. Biro, KFKI-Research Institute for Materials Science, 1525 Budapest,
Hungas

Carbgnrzanotubes prepared by catalytic thermal decomposition of hydrocarbon molecules on transition metal
nanoparticules were investigated by scanning tunneling microscopy (STM). One of the STM images showed a
nanotube with a diameter around 1.5 nm climbing a sharp step 1 nm high on the (HOPG) graphite substrate on
which samples were deposited. The deformation and the stresses in this nanotube were evaluated from conti-
nuous-medium elasticity, using atomic 12-6 C-C pair potentials to describe the interaction between the tube and
the stepped surface. A good agreement was found between the computed shape of the deformed nanotube and
that revealed by STM. This indicates that the value of the Young modulus of carbon nanotubes measured
recently,l and that was used in the calculations, still applies to a tubule having a diameter as small as ~I nm.
The calculations also revealed that the stresses only slowly increased with increasing step height and, for that
reason, a nanotube adsorbed on a surface can get over sharp steps a few nm high without breaking. This result
attests to the high flexibility of the carbon nanotubes, as often reported in recent literature.

1 M.M.I. Treacy, T.W. Ebbesen, and J.M. Gibson, Nature 381 (1996) 678.
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FORMATION OF FILLED CARBON NANOTUBES AND NANOPARTICLES USING POLY-
CYCLIC AROMATIC HYDROCARBON MOLECULES, A.A. Setlur, J.Y. Dai, J.]M. Lauerhaas,
and R.P.H. Chang, Northwestern University, Evanston, IL 60208 USA

Nanotubes filled with pure Cu and Ge have been formed by arcing metal/graphite composite anodes in a hydro-
gen atmosphere. These nanotubes are found in the soot deposited on the chamber walls instead of on the rede-
posited rod on the cathode. Since Cu and Ge do not form stable carbide phases, catalyze carbon fiber growth,
or have significant carbon solubility, a new mechanism is needed to explain the formation of these nanowires.
We propose that polycyclic aromatic hydrocarbon (PAH) molecules, produced by the hydrogen arc are the pre-
cursors to the graphitic layers encapsulating the Cu or Ge nanowire. Direct evidence for this mechanism is
given by evaporating pyrene (C16H10) and Cu or Ge together to form filled nanotubes. When arcing a com-
posite anode in hydrogen using ferromagnetic elements, such as Fe, Ni, or Co, encapsulated nanoparticles are
formed instead of nanowires. Encapsulated nanoparticles are also obtained when evaporating pyrene and
cobalt, leading to a similar mechanism using PAH molecules for the formation of these materials. Differences
between nanoparticle and nanowire formation will be reported.

THE INVESTIGATION OF GROWTH AND MORPHOLOGY OF NANOTUBE CARBON
FILMS, Z.Ya. Kosakovskaya, Institute Radio Engineering & Electronics RAS, Mokhovaya str. 11,
Moskow 103907, Russia

The experimental and theoretical investigations of the growth of carbon films at early stages ( nucleation, coa-
lescence ) which were synthesized on various substrates by electron-beam evaporation of graphite in vacuum,
were conducted. The kinetic model of carbon films growth on singular and vicinal surfaces, taking into account
Shvebel barriers has been worked out. It has been shown that at the conditions of full condensation (the for-
mation of two-dimensional nucleai of graphite or diamond-like phase) the growth mechanism is determined by
one non-scaled parameter D/J, where D- normalized diffusion coefficient, J- normalized adatom arrival rate. At
D/J >108 the layer by layer epitaxial growth of graphite takes place. When D/J < 104 we have the case of ran-
dom Poisson precipitation process with high level of rounghness. In this case, the film consist of diamond-like
phase. Further diminishing of D/J<<10-4leads to the formation of oversaturated vapour phase near the substrate
surface and thus the conditions for nanotube nucleai formation are created. It is known, that the thermal situa-
tion on surface of substrate during growth of films to a considerable extent influences upon value D. The expe-
rimental studies of the film surface tempereture change during growth and its correlation with the final struc-
ture have been made. It was shown that vapour phase like-time depends upon thermal constants of the substrate
and they determine the final nanotubes structure.
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CARBON SINGLE WALL NANOTUBES: ELABORATION AND PROPERTIES; P. Bernier,
W. Maser, C. Journet, GDPC-University of Montpellier II, 34095 Montpellier Cedex 5, France,
A. Loiseau, ONERA, Chatillon, France, M. Lamy de la Chapelle, S. Lefrant, IMN, University of

Nantes, France, and R. Lee, J. Fischer, LRSM, University of Pennsylvania, Philadelphia, USA
Co-evaporation of carbon, in the presence of helium with some other element as a catalyst yields interesting
new molecules of the fullerene family which have tubular morphologies with a cross-section at the nanoscale
but lengths at the macroscale. In particular, using Ni or Co based mixtures as catalyst with the electric arc tech-
nique, one obtains single wall carbon nanotubes in large quantities, with an average diameter of 1.4 nm and
which assemble themselves in highly crystalline bundles containing a few tens elements. The diameter disper-
sion has been studied in detail using Raman spectroscopy which shows impressively resolved structures of the
observed modes. A majority of (10,10) armchair tubes is observed but some other configurations are also pre-
sent with slightly different diameters. These nanotubes have been observed, characterized and studied using
high resolution microscopy techniques. X-rays and electron diffractions have been used to characterize the
crystalline nature of individual bundles.

SCANNING TUNNELING MICROSCOPY (STM) IMAGING OF CARBON NANOTUBES
L.P. Biro and J. Gyulai, KFKI-Research Institute for Materials Science, 1525 Budapest, P.O.B. 49,
Hungary, Ph. Lambin, J. B.Nagy, S. Lazarescu, A. Fonseca, P.A. Thiry, and A.A. Lucas, Institute
for Studies in Interface Sciences, Facultés Universitaires Notre-Dame de la Paix, rue de Bruxelles

61, 5000 Namur, Belgium

Scanning tunneling microscopy (STM), or atomic force microscopy (AFM), are versatile methods for the
investigation of carbon nanotubes. However, the interpretation of the images of 3D objects of nm size is not
always possible in a straightforward way. Convolution effects of the probe tip affect both STM and AFM. If
objects, like coiled carbon nanotubes are investigated by STM, further complications may arise from contribu-
tions of electrical resistivity. STM measurements and detailed image analysis of individual carbon nanotubes
and «rafts» of grown-together nanotubes produced by the catalytic decomposition of acetylene are reported.
Two families of nanotubes of 1 nm in diameter and of 10 nm in diameter are found. One some of the nanotubes
atomic resolution images were taken. A similar lattice as in the case of graphite was found. STM images of coi-
led carbon nanotubes are reported for the first time.

SCANNING TUNNELING MICROSCOPY OF CARBON NANOTUBES, U. Hubler, P. Jess,
H.P. Lang, H.-J. Giintherodt, Institute of Physics, University of Basel, Klingelbergstr. 82, 4056
Basel, Switzerland, L. Forro, Ecole Polytechnique Fédérale de Lausanne, 1015 Lausanne,

Switzerland

To obtain a macroscopic amount of purified multi-wall carbon nanotubes, sootlike deposit from the cathode of
an arc discharge apparatus was ultrasonically dispersed in spectroscopic grade ethanol and centrifuged to remo-
ve larger particles. The suspension was subsequently drawn through a 0.2 pm pore ceramic filter to produce a
thin film of nanotubes. This film can be further aligned by brushing it with a teflon rod resulting in a change
of optical properties. Two types of samples were investigated by scanning tunneling microscopy (STM):
Nanotubes applied from the suspension onto various substrates, such as highly oriented pyrolytic graphite
(HOPG), and deposits on the filter before and after brushing. While in the first case STM images show sparse
nanotubes on the substrate, a dense film of randomly oriented nanotubes is observed on the ceramic filter. By
brushing, a preferential direction is applied to this layer and STM images show an almost parallel arrangement
of nanotubes. On nanometer scale, an atomic lattice is observed.

ELECTRON ENERGY LOSS ANALYSIS OF PLASMON EXCITATION OF NANOTUBES
AND ONION-LIKE FULLERENES, L. Henrard, P. Rudolf, K. Hevesi, F. Malengreau, L.M. Yu,
Ph. Lambin and A.A. Lucas, ISIS Physics Department, Rue de Bruxelles 61, 5000 Namur, Belgium
and W. Basca, C. Coluzza, W.A. De Heer, Institut de Physique Expérimentale, EPFL, Lausanne,
Switzerland and Th. Cabioch, J.P. Riviére, Université de Poitiers, France

EELS was performed in reflection geometry on mechanically aligned tubular fullerenes and on onion-like
hyperfullerenes. For low primary energy (E =30 eV), the 6+x collective plasmon was found centered at 12 eV
in both cylindrical and spherical carbon structures. At higher primary energy (E,=100-150 V), the broad reso-
nance was shifted at 22 ¢V for onion-like fullerene and at 23 eV for tubular aligned cluster. XPS Cls shake-up
analysis showed the bulk plasmon of tubular structure centered at 30 eV.

In theoretical calculations based on a continuum dielectric approximation and on a discrete dipole approach,
we studied surface plasmon of multishell fullerenes, the fullerene-substrate and fullerene-fullerene interactions.
These computational results allowed us to identify the 12 eV resonance as the excitation of dipolar interface
mode. Contribution of quadrupolar and multipolar excitations and of bulk plasmon were also considered in the
analysis of experimental spectra.
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ELECTRON SPIN RESONANCE OF OXIDATION PURIFIED CARBON NANOTUBES PRO-
DUCED IN DIFFERENT HELIUM PRESSURE, H. Zhang(1:2), D. Wang(}), Y.He®), N. Ke(),
S.P. Wong®) and 8. Peng()); (DDepartment of Physics, Zhongshan University, Guangshou, China,
(2)Guangdong Industrial University, Guangzhou, China, ()Department of Electronic Engg.,

Chinese Univ; of Hong Kong, Hong Kong

Based on the thermal analysis of the cathod deposit produced by the carbon arc-discharge method, we have
reported [1] that the ratio of nanotubes to nanoparticles in deposits increases with increasing the formation
helium pressure(ranging from 80-700 torr). As a further investigation, we report here the study of electron spin
resonance(ESR) of oxidation purified carbon nanotubes produced in different helium pressure ranging from
150 to 800 torr.

The ESR results are as follows:

(1) The g value of purified nanotubes decreases from 2.0123 at 150 torr to 2.0105 at 800 torr with increasing
He pressure.

(2) Both the spin density and the peak-to-peak linewidth increase with increasing He pressure.

(3) The ratio of peak heights A/B of the ESR first derivative curve increases with increasing He pressure from
0.8 to 1.6 towards that of graphite (about 3.0 [2]).

The above results show that the electronic properties of nanotubes are more and more metallic with increasing
He pressure.

1] H.Zhang, D.Wang, B.Chen, S.Peng, S.P.Wong, MRS Fall Meeting (1996, Boston)

E2]] G.Wagoner, Phys. Rev. 118, 647 (1960).

STRUCTURE ANALYSES OF CARBONACEOUS DEPOSIT FORMED BY PULSED Nd:YAG
LASER DEPOSITION WITH A TARGET OF C:Ni:Co FOR INFERRING SINGLE WALL CAR-
BON NANOTUBE GROWTH MECHANISM, M. Yudasaka(l), Y. Zhang(1), T. Ichihashi(}),
S. Yoshimura(2), and S. Iijima(l), (DNEC Corporation, Miyukigaoka 34, Tsukuba, Ibaraki 305,

Japan, (2)ERATO, JST, ¢/o Matsushita R.1. Tokyo, Inc., Tama-ku, Kawasaki 214, Japan

Smally et al. has found that single wall carbon nanotube (SWCNT) can be formed with a high yield by irra-
diating pulsed Nd:YAG laser light on a target composed of carbon, Ni and Co. Since the laser power must be
high (1-1.4 joule/pulse cm?) and the temperature must be kept at about 1200°C for the SWCNT formation, it
is difficult to clarify the formation mechanism by using conventional methods.

By analyzing the components and structures of carbonaceous deposits obtained by the Nd:YAG pulsed laser
deposition (PLD) at room temperature under vacuum, it was found that the deposit was a mixture of random-
ly connected carbon (rc-C) and clusters of Ni and Co. The size of the Ni and Co clusters was less than several
nm. The deposits obtained by PLD at room temperature in Ar gas with an atmospheric pressure was composed
of sp? rich carbon. It is inferred that, first, the sp? carbon of graphite changed to rc-C carbon by the laser light
and, then, rc-C carbon collided with each other and/or with Ar atoms and became sp? rich carbon. Ni and Co
acted as catalysts for graphitization only at elevated temperatures and contributed to form SWCNT at tempe-
ratures around 1200°C.

BORON NITRIDE NANOTUBES, A. Loiseau(!), F. Willaime(®), N. Demoncy(1-3), G. Hug®,
K.Suenaga(S), C. Colliex(®), H. Pascard®); (1)LPS(OM), Onera, Chatillon, France; (2)JSRMP, Cea
Saclay, Gif-sur-Yvette, France; (3)LSI, Cea-Cnrs, Ecole Polytechnique, Palaiseau, France; (4LEM,
Cnrs-Onera, Chatillon, France; (9)LPS, Université Paris Sud, Orsay, France

Boron-nitride nanotubes have been successfully synthesized by arc-discharge between HfB, electrodes in a
nitrogen atmosphere.

The Electron Microscopy (HREM) observations reveal a high cristallinity of the tubes and reduced numbers of
layers, including single- and double-layer tubes. The helicities have been determined from diffraction patterns.
Electron-energy-loss spectroscopy (EELS) yields a B:N ratio of approximately one. Line scans recorded across
the tubes show a perfect chemical homogeneity. The fine structures of B and N K-edges attest for an sp? type
of bonding as in h-BN.The observation of the tips shows interesting features: the typical morphology consists
of layers perpendicular to the tube axis. A tip model, preserving BN units in the honeycomb network, accounts
for these observations. This model contains three 120° disclinations leading to a triangular facet for the cap.
Atomistic calculations have been performed using the Tersoff potential to generate their equilibrium structures.
Finally HREM images were simulated for Russian-dolls of these tips and compared with experiments, giving
additional support to this model. Soot containing B, N and C was also produced by using a graphite rod for the
cathode. Tubes and encapsulated metal-particles are formed. Their EELS characterization provides interesting
information on their formation in the arc process for a mixed plasma.

STM CHARACTERISATION OF BORON NITROGEN CARBON NANOTUBES, S. Curran(l),
D.L.Carroll(2,3), P.Ajayan(4), P. Redlich®), and S.Roth(l); (DMax Planck Institut fiir
Festkorperforschung, Heisenberg Str.1, Stuttgart 70569, Germany; (2)Department of Physics and
Astronomy, 118 Kinard Laboratories, Clemson University, Clemson SC, 29634 USA; (®)Max
Planck Institut fiir Metallforschung, Seestr. 92, Stuttgart 70174, Germany; ¥Department fo
Materials Science, Rensselaer Polytechnic Institute, Troy New York, USA

Incorporating both Boron and Nitrogen in Carbon nanotubes dramatically alters their electronic nature analo-
gous to that of doping traditional semiconductors. Using scanning tunneling microscopy and tunneling spec-
troscopy, the electronic properties of these Boron Nitrogen Carbon nanotubes have been compared with those
of undoped nanotubes. The doping induces a peak in the density of states within the energy gap, which can be
readily identified as donor and acceptor levels analogous to 3-D semiconducting systems. Additional features
in the density of states perticularly related to the 2-D nature of the nanotube will be discussed as well.
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NANOTUBE BN-C HETEROSTRUCTURES: ELECTRON PROPERTIES,
L.A. Chernozatonskii, Institute of Biochemical Physics, 117334 Moscow, Russia, E.G.Gal’pern,

1.V. Stankevich, Institute of Organoelement Compounds, 117813 Moscow, Russia

New quasi I-D objects - nanotubes constructed of BN and C fragments - are considered and their electron spec-
tra are computed by methods of crystal orbitals.

It is shown that there is a broad variation of main and mini-zone gaps by changing in (n,0) zigzag and (n,n)
armchair tube superlattices with BN C,, (1, k=1, ...} unit cells when BN and/or C fragment lengths are chan-
ged.

«Dot» and interface states are studied when a C-ring fragment is situated on the BN tube top, in the middle of
BN tube or between two BN fragments in a C tube. A broad variation of electron spectra is presented in this
case also.

Our results are used to modelling of some nanoelectronic elements, and possible manufacturing technologies
of considered structures.

This work was supported in part by grants No 079 ISTC and RFFI No 96-02-18445.
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CARBON NITRIDE THIN FILMS PREPARED BY REACTIVE RF MAGNETRON SPUTTE-
RING, S. Logothetidis, H. Lefakis, M. Gioti and G. Stergioudis, Department of Physics, Aristotle

University of Thessaloniki, 54006 Thessaloniki, Greece

Nitrogenated amorphous carbon thin films (CN,) were prepared by reactive rf magnetron sputtering from a gra-
phite target, in a nitrogen containing plasma (up to 4.4 at. %) and on Si substrates. All main controllable depo-
sition conditions, (such as base and deposition pressure, power at target, target-substrate distance, substrate bias
voltage), were kept constant throughout the series of experiments and the only variable parameter was the nitro-
gen flux (0-2 scem). In-situ Spectroscopic Ellipsometry (SE) in the energy region 1.5-5.5 eV in combination
with Bruggeman’s Effective Medium Theory analysis was used per iterative deposition layer to monitor the
film thickness and diamond character. Ex-situ SE, and X-ray Reflectometry were also used, upon completion
of film deposition, on select samples. The sp3/sp? ratio as a function of film thickness and nitrogen concentra-
tion in the plasma was determined. The plasma nitrogen concentration seems to directly affect the film deposi-
tion rate and diamond character by favoring sp3 bond formation. The presence of C:N chemical bonding was
identified by the new Fourier Transform IR ellipsometry technique. Raman measurements revealed the pre-
sence of the characteristic D (disordered) and G (graphite) bands which seem to be favored by the plasma nitro-
gen content.

LIKELY NITROGEN DOPING IN NOVEL PURELY sp2-BONDED FORMS OF CARBON,
G. Jungnickel, P. K. Sitch, Th. Frauenheim, Technische Universitit, Institut fiir Physik, 09107
Chemnitz, Germany; M. L. Heggie, B. R. Eggen, School of Chemistry, University of Sussex,
Falmer Brighton, UK; C. D. Latham, C. Cousins, Dept. of Physics, University of Exeter, EX4 4QL

Exeter, UK

Hypothetical crystalline forms of carbon have been studied using the recently developed density-functional
based tight-binding method. Within this method the electronic band structure energy for a crystal is calculated
non-selfconsistently using the two-center approach for representing the Hamiltonian matrix. The total energy
calculations make use of the I’-point approximation employed for sufficiently large supercells. The scheme has
been carefully checked against self-consistent field results using plane wave basis sets for the hypothetical
metallic phases BCT4 and H6 as well as against results obtained with a multicenter linear combination of ato-
mic orbitals method for the Polybenzene structure. The DF-TB method was found to accurately reproduce the
data of the more sophisticated methods and has been successfully applied to study the stability of other three-
dimensionally connected networks made of either sp?- or sp3-like carbon atoms. We have determined the
ground state geometries of these novel forms of carbon and have analyzed their structural and electronic pro-
perties. We discuss elastic constants, the bulk modulus and structure factors as well as electronic densities of
states. We find structures with helical aubunits that are as stable as fullerene Cgq but do have quite large elec-
tronic gaps of about 2 ¢V. The unique feature of these crystals is that they would allow for n-type doping by
nitrogen. This is in sharp contrast to recent doping studies in diamond where doping is impossible due to the
existence of a mid gap state and in tetrahedrally bonded amorphous carbon ta-C where doping is inefficient due
to the presence of n-bonded subclusters. The location of the donor levels is confirmed by self-consistent field
calculations using small cluster models of the helical units. By comparing the doping results, we deduce neces-
sary conditions for successful n-type doping in carbon based materials.

BORON-NITROGEN ANALOGUES OF THE FULLERENES: ELECTRONIC AND STRUC-
TURAL PROPERTIES, G. Seifert(]), PW. Fowler?), D. Mitchell®, D. Porezag®) and
Th. Frauenheim®), (DTechnische Universitit, Institut fiir Theoretische Physik, 01069 Dresden,
Germany, ®Department of Chemistry, University of Exeter, Stocker Road, Exeter EX4 4QD, UK,
(3)Technische Universitit, Institut fiir Physik, 09107 Chemnitz, Germany

On the basis of a systematic density-functional-tight-binding study of boron-nitrogen polyhedra (BN), compo-
sed entirely of four- and six-membered rings, it is predicted that octahedron-like structures BN ,, B;¢N;¢ and
BygN,g are ‘magic’ (i.e. anomalously stable) clusters. The infrared (IR) spectrum of By,Nj; is predicted. The
similarities and differences between these ‘inorganic fullerenes’ and the carbon-based equivalents are outlined.
High stability of the (BN), clusters is found to correlate with a large HOMO-LUMO gap.

CHARACTERIZATION OF CARBON NITRIDE THIN FILMS PREPARED BY REACTIVE
MAGNETRON SPUTTERING, A.Fermandez, J.C.Sanchez-Lopez, G.Lassaletta, Instituto de
Ciencia de Materiales de Sevilla, Centro de Investigaciones Cientificas Isla de la Cartuja, Avda.
Americo Vespucio s/n, 41092-Sevilla, Spain

Carbon nitride (CN,) thin films have been obtained by reactive magnetron sputtering in a pure N, discharge.
The films have been characterized by electron-energy-loss spectroscopy (EELS), transmission electron micro-
scopy (TEM), Fourier transform infrared spectroscopy (IR), X-ray photoelectron spectroscopy (XPS) and UV-
vis absorption spectroscopy. A maximum value of N/C=0.5 has been achieved. Evidences are presented of the
formation of a polymer like CN, amorphous phase which contain C=N, C=N and C-N bonds. Two new peaks
at 286.5 and 287.7 eV energy loss in the C K-edge EELS spectra have been assigned to C=N and C=N bonds
with carbon in the sp? and sp hybridization states respectively. Infrared spectroscopy indicates that a cyanogen-
like impurity is present in the films and can be removed by thermal annealing. Contribution of C-N and C=N
bonds have been also determined by infrared and XPS spectroscopies.
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PROPERTIES AND PREPARATION CONDITIONS OF CN, THIN FILMS PREPARED BY
LASER CVD F. Falk, K. Schuster, Institut fiir Physikalische Hochtechnologie, Helmholtzweg 4,
07743 Jena, Germany

Results on qualitative and quantitative analyses of CN, thin films derived from EDX, XPS, RBS, effusion and
FT-IR techniques are presented. The films were produced by excimer laser CVD at a wavelength of 193 nm
from the precursor systems ammonia/carbon tetrachloride as well as cyanogen azide NCNj. Tauc plots derived
from optical ab- sorption spectra yield band gaps between 1.65 and 2.59 eV. Comparing these results with the
deposition conditions proves the dependence of the band gap on the total pressure in the reaction chamber. With
increasing pressure up to a limit of 8 mbar the band gap increases and at the same time the NH-absorption inten-
sity in IR-spectra decreases. In tendency the band gap of C-N-films prepared from cyanogen azide is higher
than this of films resulting from NH3/CC1,

PULSED LASER DEPOSITION OF CARBON NITRIDE THIN FILMS FROM GRAPHITE
TARGETS Y. Suda and T. Nakazono, Department of Electrical Engineering, Sasebo National
College of Technologv, 1-1 Okishin-machi, Sasebo, Nagasaki 857-11, Japan; K. Ebihara,
Department of Electrical and Computer Engineering, Kumamoto University, 2-39-1 Kurokami,
Kumamoto 860, Japan; K. Baba, Technology Center of Nagasaki, 2-1303-8 Ikeda, Omura,
Nagasaki 856, Japan; S. Aoki, Kumamoto Institute of Technology, Ikeda, Kumamoto 860, Japan
Carbon films with up to 31 at.% of nitrogen have been prepared on Si (100) substrates by a pulsed Nd:YAG
laser deposition. The laser beam is incident on the high-purity graphite targets. The films are grown using a
laser repetition rate of 10 Hz at energy density 3.8 J/cm?2. The nitrogen gas pressure in the chamber is 10 Pa.
Morphology features of the films have been obtained by employing the technique of scanning electron micro-
scopy. Auger electron spectroscopy has been used to obtain compositional information about the films. IR
absorption spectra show two characteristic bands; a broad band composed of graphite G-band and disordered
D-band of carbon, and the other associated with C=N triple bonds. Raman spectra have also been used to cha-
racterize the films.

COLD REMOTE NITROGEN PLASMA EFFECTS ON PULSED LASER DEPOSITED CN,
FILMS CHARACTERISTICS C. Jama, O. Desgaux and P. Goudmand, Laboratoire de
Physicochimie de I'Energétique et des Plasmas, Université des Sciences et Technologies de Lille,

59655 Villeneuve d’Ascq Cedex, France

Carbon nitride CN, films are deposited by pulsed CO, laser ablation of molecular carbon fragments from a gra-
phite target under different deposition media. The films characteristics obtained under a non excited nitrogen
flow (NENF) or under a cold remote plasma nitrogen (CRNP) are compared. FTIR spectra of the NENF-films
show absorption bands characteristic of C=N and C=N environments. For CRNP-films a very efficient nitro-
gen fixation is observed. FTIR spectra show C-N bands in a tetrahedral environment and a complete disappea-
rance of the C=N band. These results are confirmed by Raman and X-ray photoelectron spectroscopies.
Optical emission spectroscopy demonstrates that the C* (., , 3) concentration in the gas phase decreases when
CRNP is used. This result is correlated to the formation in the film of the C-N tetrahedral environment. The
effect of nitrogen atoms concentration in the gas phase on the film characteristics is also discussed.

MICRO - RAMAN AND MICROHARDNESS STUDY OF NITROGEN IMPLANTED DIA-
MON-LIKE CARBON FILMS, V.V. Artamonov, N.I. Klyui, B.N. Romanyuk, M.Ya.Valakh,
O.Vasilik, Institute of Semoconductor Physics, 45 pr. Nauki.252028, Kiev, Ukraine;
V.A.Semenovich, Institute of Superhard Materials, 2 Avtozavodskaya str., 254074, Kiev, Ukraine
and A. Perez-Rodrigues, J.R. Morante, Universitat de Barcelona, Avda. Diagonal 645-47, 08028
Barcelona, Spain

Diamond-like carbon (DLC) films grown by PE-CVO technique have been implanted with nitrogen ions at
room temperature, with an energy of 150 keV and dose 1+10!7 cm-2. The optical analysis of the samples has
revealed the presence of structural inhomogeneities (with sizes of about 100 nm), in the implanted region.
The different regions in the films (implanted and not implanted) have been analyzed by Raman scattering and
Microhardness measurements. The results obtained show that the films hardness in the inhomogeneous region
exceeded more than 5 times the hardness of implanted homogeneous film. The effect mentioned takes place
due to ion-beam induced compaction of DLC film and phase - structural transformation in inhomogeneous
region. This conclusion has been confirmed by micro-Raman results. The mechanism of the effect observed
taking into account the existence of local mechanical strains in DLC film has been proposed.
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THE UNUSUAL STRUCTURE, PHASE TRANSITIONS, AND DYNAMICS OF SOLID
CUBANE, T. Yildirim, University of Maryland, College Park, MD 20742, and NIST,
Gaithersburg, MD 20899, USA; P. M. Gehring, D.A. Neumann, NIST, Gaithersburg, MD 20899,

USA, P. E. Eaton, T. Emrick, University of Chicago, Chicago, IL 60637, USA.

The cubic structure of the cubane molecule, CgHg, gives rise to many unusual properties in the solid state. X-
ray powder diffraction measurements of solid cubane reveal a huge thermal expansion, followed by a strong
first-order phase transition at 394 K from an orientationally-ordered phase (R3: a=5.40 A, a = 72.7°) to a non-
cubic orientationally-disordered phase (R3 or R3 m: a = 5.45 A, o. = 103.3°). The resulting volume expansion
is 5.4%. Model calculations remarkably predict the correct non-cubic high and low-temperature phases. The
orientational potential in the disordered phase resembles a rounded square well over a large angular range.
Cubane thus represents a nearly perfect textbook example of a system with large-amplitude collective motions.

FULLERENE Bj)N;, FROM BORAZINE B3N3Hg, V.P. Sanygin(), G.S. Yurjev(?),
M.L. Kosinova®, A.Ya. Mikhailova(D), (DRAS Kurnakov Insitute of General and Inorganic
Chemistry, 31 Leninsky pr., 117907 Moscow, Russia; (DRAS SB Institute of Inorganic Chemistry,

3 Lavrentiev pr., 630090 Novosibirsk, Russia

Cg fullerene and based on it molecular crystals atomization energies have been calculated by using carbon
thermodynamics and structure data. The value of A (Cgpg, 298 K)=2565 kJ/mol calculated by such manner
is in agree with the quantum mechanic calculation results and AgH (Cgq cr, 298 K)=2290 kJ/mol is in agree Cgq
molecular crystals calorimetry investigation results. Thermodynamic parameters of B3N fullerene as well as
Cgp case have been calculated on the thermodynamic parameters of h-BN and c-BN. The calculations were
based on chemical energy of B-N, B-B and N-N bonds of the s-icosaehedron B;(Nj3,. According to thermody-
namic calculations data B3gNaq fullerene is stable under standard conditions: AdH® (B3N3, g, 298K)=(-1350)-
(-4380) kJ/mol. The structure of the layers of boron nitride obtained by low temperature plasma enhanced che-
mical vapour deposition of borazine as precursor has been investigated by X-ray diffraction method. The dif-
fraction pattern consists of the superposition of the next patterns: from non-crystalline turbostrate am-3N, from
polycrystalline h-BN, ¢-BN and from unknown structure. The diffraction pattern of unknown structure consists
of two reflections with d(hik);=14.8 A and d(hlk),=7.6 A and are suggested to be (001) and (002) reflections
of distorted fx'c‘lce-centred cubic package, for example, C4/mm (L10) consisted of fullerene B3gN;, with R;=5.1
and Ry=5.6 A.

FRICTION AND WEAR OF INORGANIC FULLERENE-LIKE MATERIALS, L. Rapoport,
Center for Technological Education, PO Box 305, 58102 Holon, Israel and Y. Feldman,

S.R. Cohen, R. Tenne, Weizmann Institute, 76100 Rehovot, Isracl

Metal dichalcogenide MX, (m=Mo, W, etc.; X=S, Se) compounds with structures closely related to the carbon
fullerenes and nanotubes, generally termed inorganic fullerene-like materials (IF) have been developed. It was
hypothesized that the absence of dangling bonds on the surface of IF particles would lower their adhesion thus
improving their tribological properties. The validity of this hypothesis was tested by comparison with the com-
mon lubricant 2H-MoS,. IF-WS, and 2H-MoS, were deposited as dense films onto separate glass slides and
covered with a top glass. These friction pairs (glass/SL/glass sandwich) showed friction coefficients of 0.16 and
0.32 for and 2H-MoS, respectively. In another experiment LiF single crystals have been studied in the ball-flat
sclerometer with solid lubricant layers deposited from 5% solid lubricant in mineral oil. Wear tracks were more
damaged and for 2h-MoS, lubricant. Ball-on-flat test showed that the width of wear track and the friction coef-
ficient were smallest in the case of IF-WS, powder. Thus, all experiments prove high antifriction and wear pro-
perties of IF-WS,.

MoS, AND WS, MICROTUBES AND MICRORIBBONS M. Remskar, Z. Skraba, J. Stefan
Institute, 1001, Ljubljana, Slovenia and M. Regula, C. Ballif, R. Sanjinés and F. Lévy, Institute of

Applied Physics, Ecole Polytechnique Fédérale de Lausanne, 1015 Lausanne, Switzerland

MoS, and WS, layered crystals can grow during the chemical transport reaction as hollow microtubes [1],
which show similar crystal structure as much smaller inorganic nanotubes [2]. These microtubes are cylindri-
cally shaped single crystals with diameters up to 20 pm and with length up to several mm. They grow in the
spiral growth mode from the vapour phase together with usual plate-like crystals. Thin weakly bonded sheets
of plate-like crystals can directly roll up in the form of tube or they can bend and produce in their microfolds
a turbulent gas flow of transported molecules which promotes tube-like growth mode. During the growth the
hollow microtubes can collapse to form flattened ribbons and continue to grow as twisted nnicroribbons. We
present comparative electron microscopy and diffraction studies of MoS, and WS, microtubes and microrib-
bons. Their polytypic structure and some structural defects are analyzed and structural models are proposed.
[1] M.Remskar, Z.Skraba, F.Cléton, R.Sanjinés, F.Lévy: Appl.Phys.Lett. 69, 351 (1996);

[2] R.Tenne, L.Margulis, M.Genut, G.Hodes: Nature 360, 444 (1992).
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CRYSTALLINITY PROMOTION IN WS, THIN FILMS, M. Regula, C. Ballif, M. Remskar, and
F. Lévy, Institute of Applied Physics, Ecole Polytechnique Fédérale de Lausanne, 1015 Lausanne,

Switzerland

Layered transition metal dichalcogenides (TMDC) like MoS,, WS, or WSe, have attracted continuous interest
due to their applications as solid lubricant, catalyst and in the field of photovoltaics. More recently carbon-like
tubular and polyhedral structures have been discovered in sulfide phases. Nevertheless, some aspects of the
crystallization mechanism are not yet well understood, like the intriguing promoting effect of nickel on the
crystallization of TMDC [1]. We present a systematic study on this promoting effect of various alkali and tran-
sition metals on the crystallinity of WS, thin films. It is shown, that best crystallization at relatively low annea-
ling temperatures T,=650-750 °C is achieved by adding sodium sulfide or nickel to the film, while the stron-
gest textured films are obtained with cobalt. An improvement of crystallization is equally achieved with iron,
manganese, or cesium. The promoting element can be added as a thin layer on the substrate or on the top of the
WS, film. It can also be co-deposited with the WS, film. Since the originally proposed rheotaxy [1] or interca-
lation [2] models can not satisfactorily explain these results, the possibility of a catalytic growth mechanism is
discussed.

[1] G. Salitra, G. Hodes, E. Klein, and R. Tenne: Thin Solid Films 245,180 (1994).

[2] R. J. H. Voorhoeve and J. C. M. Stuiver, J. of Catal. 23, 243 (1971).
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SYNTHESIS OF EPITAXIAL 8-SiC BY C¢, CARBONIZATION OF SILICON ON SAPPHIRE,
J. Miiller, K. Volz, B. Rauschenbach and B. Stritzker, Institut fiir Physik, Universitdt Augsburg,

86135 Augsburg, Germany

Silicon Carbide is a wide band semiconductor for high temperature, high power and high frequency applica-
tions. Different techniques are investigated at present to prepare SiC films suitable for electronics. For device
applications it is favourable to grow the SiC on an insulator. It is known that C4, deposition onto silicon sub-
strates at temperatures around 800°C results in the formation of SiC. In this study Cg, molecules were deposi-
ted onto commercial SOS wafers with (100)-silicon on r-plane (1102)-sapphire. The thickness of the epitaxial
silicon layer is 350nm. After the Cqy deposition on the SOS substrates at 810°C the composition, topography
and structure of the resulting layers has been analyzed using RBS, AFM, XRD and cross-sectional TEM.
RBS measurements combined with RUMP/SIM indicate that a 200 nm stoichiometric SiC-layer has been for-
med. X-ray pole-figure measurements confirm that the main part of the resulting B-SiC grows epitaxially with
the underlaying silicon. AFM measurements show that the surface of the SiC-layer is very smooth (Ah=+30nm)
and that the layer consists of small grains (d=40nm).

OLIGOPHENYLENES AS BUILDING BLOCKS FOR WELL DEFINED GRAPHITE SUBU-
NITS - FROM Cs54 TO ORDERED GRAPHITE MONOLAYERS, K. Miillen, M. Miiller and

C. Kiibel, Max-Planck-Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany
Large polybenzenoide hydrocarbons are of academic and industrial interest due to their high thermal stability,
their UV absorption and their partially high fluorescence quantum yield. An ideal access towards such polycy-
clic systems with well defined molecular mass and structure is based on soluble oligophenylene precursors,
which are finally subjected to cyclodehydrogenation by oxidation. The easy synthesis of several oligopheny-
lenes enables the construction of a series of large aromatic compounds with different symmetry.

Self assembled, space filling molecular layers of Cs4H,, can be obtained on suitable substrates by fractionated
sublimation. The characterization of these layers is achieved by electron diffraction experiments and scanning
tunneling microscopy.

Cgo BUCKMINSTERFULLERENE: NOT JUST A PRETTY MOLECULE, H. Kroto, School of

Chemistry, Physics and Environmental Science, University of Sussex, Brighton BN1 0QJ, UK

In 1985 C4y Buckminsterfullerene (the third allotropic form of carbon) was discovered serendipitously during
experiments designed to unravel the carbon chemistry in Red Giant Stars. It has now come down to Eearth
giving rise to the Fullerenes, a family of pure carbon cage molecules with fascinating properties which promi-
se exciting new developments in 21st Centry Materials Science and Technology.

The molecule has a beautiful and elegant symmetry, as well as other attributes, which appeal to our Renaissance
sensibilities. The structure forms the basic pattern of the geodesic domes devised by Buckminster Fuller - the
strongest, lightest and largest space-spanning structures yet devised. The earliest attributable images of this
shape are to be found in the works of the 15th century artists Piero della Francesca and Leonardo da Vinci.
Furthermore the pattern is the same as that of the modern football - with 12 pentagons and 20 hexagons.

The molecule has also attracted the attention of non-scientists and it is highly gratifying that children in parti-
cular are fascinated by the molecule. Cqy has made a positive contribution to the aura of science and discove-
ry at a time when the public and governmental appreciation of the massive contribution of Science to our social
and economic well-being is either totally overlooked or completely misunderstood.

It is difficult to comprehend that though man has known of graphite and diamond (the other two well charac-
terised forms of carbon) since time immemorial, now at the end of the 20th century a third form has been dis-
covered. Furthermore it has been under our noses all the time as - amazingly - the molecule forms in a sooting
flame. So almost everyone has made the molecule, including our primaeval ancestors, indeed the molecule
appears to have been made and overlooked over decades of research into combustion processes.

There is food for thought in the fact that a fascinating, new round world of carbon chemistry and materials
science was discovered as a consequence of a curiosity about the role of carbon in space and stars - rather than
the directed study of carbon’s material properties. It thus stands as a timely warning of the serious limitations
inherent in over-reliance on applied research strategies.

LUNCH
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MAGNETIC ORDERING AT 20K AND BELOW, A. Mrzel, D. Mihailovic, P.Cevc, A. Omerzu,

Institute «Jozef Stefan», Jamova 39, 1000 Ljubljana, Slovenia

Fullerene monoderivatives were synthesized and doped with tetrakis(dimethylamino)ethylene (TDAE) and
cobaltocene (Cp,Co) to charge transfer complexes with the aim of finding novel magnetic materials based on
fullerenes. Familiar derivatives were chosen in order to help toward better understanding of magnetic proper-
ties of those materials as well as TDAE-C. In this work we present X band measuremenents of these new
materials. We found a new magnetic transition at 20K for cobaltocene doped derivative of Cqg 3-aminophenyl-
methano-[60]fullerene. This material curently has the record high Tc for a molecular organic feromagnet.

PREPARATION AND CHARACTERISATIONOF PHENYLATED FULLERENE DERIVATIVE
Ceo(ph)g, N. Sivaraman and P.R. Vasudeva Rao, Chemical Group, IGCAR, Kalpakkam - 603 102,

India

We observed the formation of hexa phenylated derivative, Cg(ph)g on Friedel-Crafts reaction of hexa chlori-
nated fullerene derivative, Cg(Clg with benzene in the presence of catalysts such as aluminium chloride and fer-
ric chloride which was not reported earlier. The compound was characterised by FAB Mass spectrometry, IR
and by HPLC techniques.

The stability of phenylated and halogenated derivatives to UV radiation were investigated. The halogenated
derivative was found to be readily degraded by UV-radiation.The product formed, when the irradiation was car-
ried out in the presence of air, was found to be insoluble in solvents such as heptane but readily soluble in polar
solvents such as acetone. The degradation product of phenylated derivative was also studied.

The thermal stability of the phenylated and halogenated fullerene derivatives was investigated by thermo gra-
vimetric analysis and the results are discussed in the paper.

THIN FILM OF SPHERICAL CARBON ONIONS ONTO SILVER, T. Cabioc’h, J.C. Girard,
1.P. Riviére, Université de Poitiers, Laboratoire de Métallurgie Physique, UMR 6630, SP2MI, Bd3,
Téléport 2, BP. 179, 86960 Futuroscope Cedex, France

We recently demonstrated that high dose carbon ion implantation into copper substrates heated at high tempe-
rature (= 600°C) was an original technique to synthetize giant carbon onions (50-300 nm in diameter) hetero-
geneously distributed onto the copper surface. In order to better understand the influence of the different expe-
rimental parameters we perform the same kind of experiment, but into silver in which, as in copper, carbon has
a very low solubility. '

TEM, HRTEM and AFM observations then revealed that a very high density of carbon onions has been formed
for an implanted dose of 3.10!7cm-2. These spherical carbon clusters, 10-20 nm in size, distributed homoge-
neously on the surface are linked together by an external graphene layer and formed a thin film. Further expe-
riments in the temperature range 500-600°C confirm the reproducibility of the synthesis of a high density of
carbon onions on polycrystalline silver substrates as well as on silver thin film deposited onto different sub-
strates.

We propose that carbon precipitation into the silver volume leads to the formation of onions, the latter appea-
ring on the surface due to the silver preferential sputtering.

RAMAN IDENTIFICATION OF ONION-LIKE CARBON, E. D. Obraztsova, General Physics
Institute RAS, 38 Vavilov street, 117942 Moscow, Russia, M.Fujii, S. Hayashi, Faculty of
Engineering, Kobe University, Rokko, Nada, Kobe 657, Japan, V.L.Kuznetsov, Yu.V.Butenko,

A.L.Chuvilin, Boreskov Inst. of Catalysis, 630090 Novosibirsk, Russia

Different modifications of a multishell fullerene-like carbon have been synthesized recently: nanotubes, nano-
cones, nanofolders, nanospheres. The geometrical shape and number of graphitic shells constituting the mate-
rials become essential for their characterization. The influence of the shell curvature to the Raman spectrum
shape allows to use this technique to distinguish between such carbon materials. In this work we studied the
spherical closed carbon shells - so called «onion-like carbon» (OLC). It has been produced from the ultradis-
persive diamond powder by thermal treatment (T=l 100-2100 K). The «fingerprint» of the OLC Raman spec-
tra was a narrow (15 cm1) band shifted toward low frequencies (comparing with that of a planar graphite) up
to 10-12 cm-l. Taking the virgin powders with the different average grain size (3-5 nm) we were able to control
the average number of shells (4-7) in the final onions. The correlation has been established between the posi-
tion of the specific Raman peak and the sphere number and curvature. The onion structural parameters have
been obtained by HRTEM.
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FULLEREN-LIKE SILICON CLUSTERS: LASER SYNTHESIS AND FEATURES,
S.A Batishche, A.A. Kuz’'muk, N.A Malevich, Institute of Physics of Academy of Sciences of
Republic of Belarus, F.Scoryna Ave. 70, 220072, Minsk, Republic of Belarus

The principal possibility of creating multi-atom fullerene-like silicon clusters, first of all of the Sig, or Si60Hy,
types, in highly ionised laser spark plasma initiated in compressed silan SiH, was investigated. In experimen-
tal study a mixture of SiH, and noble gas under total pressure of 1-20 atmosphere was sealed into a reactor
chamber with optical windows. A laser beam of YAG:Nd laser with the pulse energy up to 1.5 J at A=1064 nm,
0.5 J at A=532 nm and 0.1 J at A=266 nm, pulse duration ~16 ns, repetition rate 1-5 Hz and divergence ~0.3
mrad was focused through the optical window into the centre of the chamber and, as a result, in silan an inten-
se laser spark was formed. Due to the high temperature, pressure, and intensive radiation in the region of laser
spark silan was decomposed to ionised Silicon and Hydrogen atoms which have a high reactive capability, and
various complicated compounds (among which multi-atom fullerene-like silicon clusters may exist) have
appeared in the chamber. Brown thin porous films on quartz substrates as well as water and ethanol solutions
of these compounds were created. Absorption and fluorescence spectra of the samples as well as their mass-
spectra were investigated. Some of the compounds have a maximum of fluorescence in the region of 370-380
nm and 420-430 nm. The possible structures are discussed.

PHYSICO-CHEMICAL BEHAVIOR IN SOLUTION OF STAR-SHAPED POLYSTYRENE
WITH A Cg CORE, V. Weber, M. Duval, Y. Ederlé and C. Mathis, Institut Charles Sadron (CNRS-

ULP), 6 rue Bousingault, 67083 Strasbourg Cedex, France

Fairly pure hexa-adducts of molar mass ranging from 2.104 to over 106 could be prepared by reacting PS-Li
with Cg in toluene. These stars compared to «classical» star-shaped polymers, present the particularity to asso-
ciate a low polymolecularity of the arms (I < 1.1) and a good control of the functionality (6) with a very well
defined core of an exceptionally small size. Such, these compounds can be considered as «models» for the
behavior of star-molecules in dilute and semi-dilute solutions as compared to that of linear polymers of same
mass. The PS stars were studied in «good» and «theta» solvents by static and quasi-elastic light scattering as
well as viscometric technics. The variation of the radius of gyration and the hydrodynamic and viscometric
dimensions were determined as a function of the mass of the star, and compared to theoretical predictions using
specific models.

FULLERENE HYDRIDE CgyH3¢: MAGNETIC PROPERTIES AND ELECTRONIC STRUC-
TURE, A.S. Lobach, Y.M. Shul’ga, Institute of Chemical Physics RAS; Y.G.Morozov, Institute of
Structural Macrokinetics RAS, 142432 ‘Chernogolovka, Moscow Region and A.I. Rebrov,

Topchiev Institute of Petrochemical Synthesis RAS, Leninsky pr. 29, 117912 Moscow, Russia
Fullerene hydrides are new materials whose physical and chemical properties are not investigated. We present
the study of C4yHjg by solid state 'H and 13C NMR, X-ray PS and EELS. The '"H NMR spectrum appears as a
wide signal with two sharp peaks with the chemical shifts at 6.55 and 3.04 ppm and one wide peak with the
chemical shift at 1.3 ppm. The 13C NMR spectrum exhibits 3 solved signals attributed to three types of sp3
hybridized carbons (31.1, 37.2, 44.1 ppm) and 3 signals attributed to three types of Sp? hybridized carbons
(124.9, 134.7, 137.3 ppm). The ratio of the integral intensities of sp3 and Sp? peaks of carbons is equal to 36:24
that corresponds to the composition of CgyHj4 reaction product. The comparison of the experimental spectrum
with the simulated ones for different CqoH;4 isomers allows a conclusion that the spectrum of the CgoHsT
symmetric isomer which has 4 isolated benzenoid rings located in the tetragonal positions on the surface of a
closed molecular skeleton, most closely corresponds to the experimental one.

The hydride CgoHj is studied by EELS and the loss functions for Cgg and CgoH;g are compared. The loss func-
tions have the similar shape, however the peak maximum stipulated by the oscillations of all valence electrons
(o+n)-plasmon, is less for the hydride (21.5 eV) than for the solid C60 (26.1 eV). This implies that the densi-
ty of valence electrons participating in this process, decreases from Cgq to CgoHsz¢ Besides, X-ray PS Cls and
magnetic properties of C¢oHj¢ hydride are described for the first time.

THE INVESTIGATION OF THE ELECTRONIC STRUCTURE OF THE FULLERENE COM-
POUNDS BY MEANS OF QUANTUM CHEMISTRY AND X-RAY EMISSION SPECTRO-
SCOPY METHODS, A.V. Okotrub, L.G. Bulusheva, E.S. Fomin, Yu.V. Shevtsov, L.N. Mazalov,

Institute of Inorganic Chemistry SB RAS, 630090 Novosibirsk, Russia
The electronic structure of fullerene compounds with metals and halogens has been studied by means of quan-

tum chemistry and X-ray emission spectroscopy methods. The CKa: - spectra of the K, Cqq (x=3,6) and Pd,Cg;

(x=1,2,3) were obtained. For the Pd,Cg, samples, the CKo-spectra regular intensity decrease, which corres-
ponds to the r-molecular orbital and takes place in the short-wave region of the spectrum, is observed as the
intercalation degree increases. Then the intercalation of fullerite by potassium atoms lead to increase of inten-
sity in short-wave part of the spectra.

The investigation of the electron structure of the fullerene compounds with halogens (F, Cl, Br) and NO, was
carried out on the base of semi-empirical quantum-chemical calculations using PM3 - approach and experi-
mental X-ray emission and X-ray electron spectra. The isomers of CgoF,,4 of the various size of carbon n-sys-
tem were constructed. The theoretical CKa- and FKa- spectra of CggF,4 isomers were calculated. The CKa-
spectra of bromofullerenes CgoBrg, Cg,Brg were compared with the spectrum of the pure fullerene Cg sample.
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EFFECTS OF ION IMPACT INTO FULLERENE D. Fink, M. Miiller, and R. Klett, Hahn-Meitner-Institute GmbH, Glienicker
Str. 100, 14109 Berlin, Germany and F. Zawislak, P. Grande and M. Behar, Instituto de Fisica, Universidade Federal do Rio
Grande do Sul, 95000 Porto Alegre, RS, Brasil and V. Hnatowicz and J. Vacik, Nuclear Physics Institute, Rez near Prague, 25068
Czech Republic

Carbon atoms of fullerene molecules have a very high binding energy which is released upon the fullerene destruction by ion impact. This leads
to two peculiar effects - extremely high sputter yields and considerable densification of the remaining material. It appears that the large free volu-
me formed after sputter ejection of fullerene fragments from the region of impact collapses by relaxation of the neighboring pristine matter.

MICROSTRUCTURE  INVESTIGATION OF MAGNETRON SPUTTERED AMORPHOUS CARBON FILMS,
A.A Onoprienko, L.R. Shaginyan, Institute for Problems of Materials Science, 3 Krzhyzhanovsky str., 252142 Kiev, Ukraine and
V.V. Artamonov, M.Ya. Valakh, Institute of Semiconductor Physics, 45 Prospect Nauky str., 252028 Kiev, Ukraine

Amorphous carbon (a-C) films were obtained by magnetron sputtering of graphite target in argon discharge. Films were deposited at various sub-
strate temperatures and discharge power values. Films structure was studied by electron diffraction and Raman scattering. Carbon films resistivi-
ty was evaluated by measuring at room temperature the film resistance in two directions: parallel and perpendicular to the substrate surface.

It was shown that a-C films have prominent resistivity anisotropy which essentially depends on deposition parameters. This effect is discussed in
connection with Raman spectra obtained. The features of spectra give evidence of defect graphite-like structure of all films investigated. The
microstructure model is proposed which accounts for the diamond-like properties of a-C films.

AUGER-SPECTROSCOPIC INVESTIGATION OF a-C:H FILMS ON SUBSTRATES BEING WITH MICRORELIEF,
A.V.Vasin, L.A. Matveeva, T.Y. Gorbach, Institute for Semiconductor Physics, av. Nauki 45, 252028 Kiev, Ukraine.

The analysis of high-resolution Auger electron spectra shape was used to investigate carbon bonding in a-C:H films deposited on unheated sili-
con substrates being with different microrelief patterns. The a-C:H films were deposited from rf- discharg (13.56MHz) activated gaseous mixtu-
re H,(60%) and CH,(40%). Microrelief on Si(111) surface was obtained by its chemical etching in different chemical environment. There were
used some substrates with different microrelief pattern and scale. The polished flat substrate was a standard. :

It was shown that the surface microrelief have an appreciable effect on carbon Auger spectra shape. The surface peculiarities could stimulate sp3
or sp? hybridisation depending on microrelief type. Especially such influence take place in case of thinner films. With increasing films thickness
up to 240 nm sp?/sp? ratio increases in all specimens including standard specimens.

LASER PHOTOLYSIS OF LIQUID BENZENE AND HEXAFLUOROBENZENE: GRAPHITIC AND POLYMERIC CARBON
FORMATION AT AMBIENT TEMPERATURE, M. Urbanova and J. Pola, Institute of Chemical Process Fundamentals, 165 02
Prague, Czech Republic; Z. Bastl, J. Heyrovsky Institute of Physical Chemistry, 182 23 Prague, Czech Republic; Z. Plzak and
J. Subrt, Institute of Inorganic Chemistry, 250 68 Rez, Czech Republic; V. Vorlicek, Institute of Physics, 180 40 Prague, Czech
Republic

ArF laser photolysis of liquid benzene yields hydrogen, C,-C, hydrocarbons, various polyaromatic hydrocarbons (PAH) and carbon. ArF laser
photolysis of liquid hexafluorbenzene affords a number of polyfluorinated PAH and carbon agglomerates. The preponderance of biphenyl among
PAH from benzene and that of decafluorobiphenyl among PAH from hexafluorobenzene reveals the importance of the phenyl and pentafluoro-
phenyl radical combination in the initial steps of photolysis. Mechanism of both photolyses will be discussed and compared.

XPS and Raman spectroscopies show that carbon produced in both processes consists of graphitic and polymeric constituents.

The remarkable feature is that the carbon formation in both cases occurs at ambient temperature of the irradiated liquids; photolytic graphitiza-
tion modes must therefore be different from those involved in thermally-induced graphitization which takes place at temperatures above 2500°C.

LASER-INDUCED CHEMICAL VAPOUR DEPOSITION OF CARBON-RICH GLASSY PHASES FROM 3-BUTYN-2-ONE,
V. Drinek, M. Urbanova and J. Pola, Institute of Chemical Process Fundamentals, 165 02 Prague, Czech Republic; Z.Bastl,
J. Heyrovsky Institute of Physical Chemistry, 182 23 Prague, Czech Republic; V. Vorlicek, Institute of Physics, 180 40 Prague,
Czech Republic; J. Subrt, Institute of Inorganic Chemistry, 250 68 Rez, Czech Republic

TEA CO, laser induced decomposition of 3-butyn-2-one in the gas phase affords various C,-C, hydrocarbons and CO together with thin films of
glassy carbon. The volatile hydrocarbons are minor products and this makes the decomposition an efficient method for producing the carbon films.
The structure of the gaseous and solid products implies that the decomposition of 3-butyn-2-one is governed by the cleavage of the C-C(O) bonds
and by polymerization/dehydrogenation reactions of CH,, HC, and C, transients.

FTIR and Raman spectroscopies show that the carbon films can be described as disorded carbon with very low content of C-H bonds. XP and
UV spectroscopies reveal some fraction of C in 2p 7state, but no significant n-conjugation.

The IR laser photolysis is proved as a suitable technique for chemical vapour deposition of carbon-rich glassy phases on substrates kept at rela-
tively low temperatures.
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XPS STUDY OF PLASMA TREATED CARBON LAYERS ON POROUS SILICON, G.Beshkov, Institute of Solid State
Physics, BAS, 72 Tzarigradsko shausee blvd. 1784 Sofia; V. Krastev, Ts. Marinova, Institute of General and Inorganic Chemistry,
Bulgarian Academy of Sciences (BAS), Acad. G. Bonchev st. bl 11, 1113 Sofia, Bulgaria; N.Velchev, Plovdiv University,

Electronics Department, 24 Tzar Assen st., 4000 Plovdiv, Bulgaria

A 6000A carbon layer is deposited by sputtering on porous Silicon. As prepared samples are treated at 2 Torr and 300 V in N-plasma. Using XPS
it is established that the concentration of nitrogen in at.% on the surface and in the subsurface layer decreases from 8 % to 4% and then increases
up to a constant value of 6%. Under these conditions relatively small amount of nitrogen are bonded in carbonitrides of CN and C-N type while
a considerable part of carbon in the layers is connected to the present of C-C bonds.

METAL-INSULATOR TRANSITION IN CRYSTALLINE INTERCOLATED WITH COPPER GRAPHITE, V.F. Masterov,

A.V. Prichodko, Experimental Phys.Depart, St.Petersburg State Technical University, Russia

Conductivity on microwave frequences (up to 1 GHZ) of crystalline graphite intercolated with copper has investigated in temperature range from
80 to 400K.The phase transition «metal-insulator» was observed in the samples at temperatures 95-130K.The investigation of copper distribution
in graphite crystals by scanning electronic microscopy and SIMS have carried out.We interpret the reported phase transition as a effect caused by
band structure variation due to a redistribution within the electronic structure of small copper-oxygen clusters.

STRUCTURE AND INTERMOLECULAR PHONONS STUDY OF SOLID Cyq, Y. I Prilutski, Dept. of Physics, Kiev

Shevchenko University, Vladimirskaya Str., 64, 252033 Kiev, Ukraine

The low-temperature orientationally ordered crystalline phase of fullerene C;, (symmetry group P112;/m, Z=4) iS investigated in the approxi-
mation of intermolecular Lenard-Jones (12-6) potential. This model has allowed to approximate good the available experimental data on the neu-
tron scattering.

The vibrational spectrum of solid Cy in the field of external phonon modes is calculated using the group theory and atom-atom potential methods.
It was shown there are eleven different frequencies of normal vibrations (five translational and six librational modes) which active in Raman
region. This fact is in an excellent agreement with available experimental results.

The structure and lattice dynamics of solid C,, were studied in dependence on the external pressure.

STRUCTURAL STUDY OF HCP SOLID C;y, AT LOW TEMPERATUREE USING X-RAY POWDER DIFFRACTION
G. Ghosh. V.S. Sastry, C.S. Sundar, G.V. Narasimha Rao, Y. Hariharan, A. Bharathi, V. Sridahran and T.S. Radhakrishnan,

Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102. India.

The current folklore on structural transformations in hep solid C; believes that, on cooling, Cy, follows a two step transitions: ideal hepe>dis-
torted hepe>monoclinic [1,2]. The first step is thought to imply locking of the long axis of the C;, molecule and the second to freezing of rota-
tions around this axis. However, the various reports present neither consistent sets of lattice parameters for the low temperature phases nor a clear
structural model. Since the orientational ordering of the prolate spheroidal C;; molecules is behind these transformations we believe that kinetics
plays a key role. We report here an X-ray powder diffraction study at low temperature using a Siemens D-500 diffractometer and an Oxford conti-
nuous flow cryostat. A pure ideal hep C;y powder was taken and was extremely slowly cooled (~0.05 K/min.) in 5 K steps and kept for 2 hours
before starting the XRD run for each step. The room temperature hcp phase transforms to a low temperature monoclinic phase in one broad tran-
sition spanning 270 K to 170 K. No intermediate distorted hep structure is observed. The LT monoclinic phase with a=10.99 A, b=16.16 A, ¢=9.85
A, and B=107.75° with space group P2,/m is consistent with a structural model wherein long axes of C, molecules align along [011] and the
upper polar caps of C; in the basal layer are in proximity with the lower polar caps of C;, in the body centre layer. The ~100 K width of the
transition can be explained using the fact that nucleation of a monocliriic phase creates dilatory stresses in the surrounding hcp matrix and
depresses the T since dT/dP is positive for Cy,.

/1/ M., A. Verheijen et al., Chem. Phys., 166, 287 (1992). 1

2/ A. R. McGhie et al., Phys. Rev. B 49, 12614 (1994).

UV IRRADIATION STUDIES ON C,o CLUSTERS IN MIXED SOLVENTS, J.A. Nisha, M. Premila, V. Sridharan, C.S. Sundar

and T.S. Radhakrishnan, Materials Science Division, Indira Gandhi Centre for Atomic Research, Kalpakkam 603 102, India

A recent report claims to have formed an all carbon fullerene polymer via cross linking of neighbouring fullerene clusters (C60 or C70) in tolue-
ne-acetonitrile mixture upon UV irradiation [1].

Following the same procedure we attempted to polymerise C70. XRD shows the amorphous nature of the product and the absence of crystalline
C70. The FTIR of our end product is similar to that reported earlier [1]. However, heating the product even upto 500°C did not revert the spec-
trum to the monomeric state, which is expected of an all carbon fullerene polymer. Presence of strong VC-N vibrational modes along with signals
of C-H,-OH and carbony! stretching modes are seen in the IR of our as prepared product. The C=0 and the-OH modes decrease in intensity on
heating, pointing to the presence of moisture in the starting rnaterial.

Surprisingly, the IR of our product is similar to that of a fullerene-amine adduct which was previously studied by us [2]. These investigations indi-
cate that the product is not an all carbon polymer as claimed [1]. The presence of strong C-N modes is likely to have arisen due to the photo-
reaction of nitrogen of the acetonitrile solvent with C70. Hence we infer that the end product is a copolymer of C70 with bridging nitrogen atoms.
1. Y.P. Sun et.al,, J. Am. Chem. Soc., 117 (1995) 12705

2. J. Janaki et.al., Proc. DAE Solid State Phys. Symp., 39C (1996) 128.

DEPOSITION AND COVERING OF CARBON FILMS USING HIGA-DOSE IMPLANTATION IN CARBON MEDIUM,
A.D Pogrebnjak, V.I. Lavrentiev, R.Kirian, Sumy Institute for Surface Modification, P.O.Box 163, Av. Shevchenco 17, 244030
Sumy, Ukraine; Yu.F.Ivanov, Academy of Engineering and Building, Tomsk. Russia; S.M.Duvanov, Dubna, JINR, Moskovskaia
Reg., Russia

Cu(111) and (100) single crystals have been covered by amorphous carbon and titanium carbide films in the vacuum chamber of implanter. RBS,
RNR, TEM, SEM, infra-red spectroscopy have been used as analyzing methods. Implantation of Ti ions into Cu crystals under various doses of
5 x 1016 to 8 x 1017 cm-2 in carbon atmosphere (medium) has been performed. As a result, a thin amorphous carbon film of 10 to 50 nm thick-
ness (depending on the irradiation conditions), followed by a titanium sublayer, then a sublayer with nanodisperse segregates 3CuTi of a sherical
form and a layer of high scalar dislocation density have been formed on a surface. Low energy high-current electron beam treatment results in an
essential decreasing of carbon film thickness (even its total disappearance in some cases), a dispersion of titanium carbide sublayer, a decreasing
of Cu grain dimensions and an increaseing of thickness of defect-containing layer.
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A-1/P12 ORIENTATIONAL ORDERING STUDIES IN Cgq SOLID, V. Sridharan, D.V. Natarajan, C.S. Sundar, K.V. Devadasan,
J. Janaki, V.S. Sastry, Y. Hariharan, A. Bharathi, T.S. Radhakrishnan, Materials Science Division, Indira Gandhi Centre for Atomic

Research, Kalpakkam 603 102, India

Specific heat and DSC studies have been carried out on C60 single crystals to investigate the orieftational ordering. The ordering temperature
and total enthalpy change were determined to be 262.3K and 9.3 J/g respectively. Our studies confirm the presence of an additional low tempe-
rature peak both in Cp and DSC measurements in agreement with the earlier report [1]. Based on controlled studies on different batches of
samples, we rule out defects to be the cause for the additional peak. We attribute the presence of the additional peak to two closely spaced first-
order orientational ordering transitions. The total entropy change associated with the entire transition is close to RIn(90/3), corresponding to pos-
sible 90 and 3 rotational axes for high and low temperature phases respectively [2]. The entropy change associated with the low temperature orde-
ring peak, as arrived at by fitting the Cp and the DSC curves with two gaussians, is RIn(12/3). We interpret this as to the formation of orientatio-
nally twinned structure of Pa3 phase wherein the basis molecles rotate about four equivalent [111] directions. The choice of which of these four
one rotate along [111] direction gives rise to four distinct possibilities.

[1] J.E. Fischer et al., Phys. Rev. B53 (1996) 11418.

[2] R. Saito et al., Phys. Rev. B49 (1994) 2143.

A-I/P13 GROWTH OF CARBON-BLACK FRACTAL IN POLYETHYLENE MELT, V. Bouda, J. Kabrt. J. Rajman. Faculty of Electrical

Engineering of Czech TU, Technicka 2, 166 27 Prague 6, The Czech Republic

Carbon-back (CB) - polyethylene composite material was produced by polymer/CB mixing in a Brabender cavity mixer and subsequently the
plaques 0.5 mm thick were prepared by compression moulding. The CB network was broken up under shear into individual CB clusters during
the processing. The plaques were then annealed at 140-200°C to induce different degrees of reagglomeration of the CB clusters in LDPE melt.
Both the direct current (DC) and alternating current (AC) conductivity of the samples were measured during the process in situ and in real time.
The AC conductivity exhibits a latent period until the rapid increase rate of conductivity. The AC conductivity decreases during the latent period.
The internal process during the latent period is interpreted as the relaxation of potential energy of electrostatic repulsion forces between the CB
clusters and/or as the decrease of the density of localised conducting states associated with sp? bonded carbon. The presence of hydrogen is expec-
ted to increase the degree of sp? bonded carbon during the latent period. The rapid increase of conductivity after the elapsed latent period is belie-
ved to be a manifestation of a CB fractal growth.

A-I/P14 Cgg, Cgy AND Cgyy: RELATIVE STABILITIES OF THE IPR ISOMERS, Z. Slanina, X. Zhao and E. Osawa, Department of

Knowledge-Based Information Engineering, Toyohashi University of Technology, Toyohashi 441, Japan

The complete set of 46 isolated-pentagon-rule (IPR) isomers of Cy, is described by the SAMI quantum-chemical method, and their energetics is
also checked by ab initio SCF computations (HF/3-21G, HF/4-31G). However, the energetics itself is not able to produce a good agreement with
recent observations of Achiba et al. (Mater. Res. Soc. Symp. Proc. 359 (1995) 3). Relative concentrations of the forty six isomers were therefore
computed using the isomeric partition function. The procedure changes the stability picture considerably. The symmetries of the five structures
most populated in a high-temperature interval are according to the SAMI computations: two times C,, C;, C,,, C; (two low-energy structures are
replaced by species from medium-energy region). One of the fractions of Achiba et al. shows 70 lines in the 13C NMR spectrum, with an origin
from a C, species (45 lines) and a C,, species (25 lines, 5 weaker). There is however an alternative interpretation of the spectrum: a C; species
(46 lines, 2 weaker) and a C,, species (24 lines, 3 weaker), consistent with our computations. The treatment has also been applied to C, with 86
IPR isomers and to Cy, with 134 IPR isomers.

A-I/P15 HIP-TREATMENT OF A CARBON/CARBON COMPOSITE, S. Yamada, T. Hoshino and M.Takada, Department of
Materials, Teikyo University of Science and Technology, Uenohara. Yamanashi 409-01 Japan
HIP (Hot Isotropic Press)-treatment of a sort of C/C composite was carried out. The starting material was prepared by a normal hot pressing upto
600C under ca.20 MPa, according to the preforming process developed by Chang, Nakagawa and Okura.
The range of opereating temperature and pressure was 1000 - 2000C and 100 - 200MPa, respectively: where «Dr.-HIP» of Kobe Steel Co.Ltd.
was employed.
Changes in bulk density, electrical resistivity as well as flexural strength, were determined as functions of temperature and pressure. In parallel,
XRD was investigated to elucidate the changes. Additionally, the same starting specimens were graphitized at 2800C under normal pressure to
compare the graphitizability with that of HIP-ed ones above mentioned.

A-I/P16 ATMOSPHERE-INDUCED CHANGE OF MICROHARDNESS AND PLASTICITY OF C, SINGLE CRYSTALS AND POLY-
CRYSTALLINE FILMS, I Manika, J. Maniks, Institute of Solid State Physics, University of Latvia, 8, Kengaraga St., Riga,
1063, Latvia; and J.Kalnacs, Institute of Physical Energetics, Latvian Academy of Sciences, 21, Aizkraukles St., Riga, 1006,
Latvia
Microhardness, plasticity and dislocation structure of the indentation zone of Cgy single crystals have been investigated. A pronounced increase
of the hardness and decrease in plasticity of near-surface layers (up to 3um) of Cq single crystals as well as of polycrystalline thin films under
atmospheric exposure was observed. Vacuum annealing of atmosphere-aged fullerene crystals resulted in recovering of their mechanical proper-
ties. Atmosphere-induced strengthening was supposed to be due to locking of dislocations by intercalated oxygen or, possibly, to oxygen-induced
structural change in the fullerene. Temperature dependence of the fullerene hardness in the range of 290-600K was investigated. Decrease in hard-
ness at heating up to 465K and difference in the hardness values for heating and cooling cycles was observed. Hardness increased with increa-
sing the temperature above ~465K. Such an anomalous behavior was interpreted as a result of decomposition of fullerene due to its chemical
interaction with oxygen.

A-1/P17 NayRbC,: ANEW ID POLYMERIZED FULLERIDE, G.M. Bendele, P.W. Stephens, Department of Physics, State University of
New York, Stony Brook, NY 11794-3800, USA; P. W. Stephens, National Synchrotron Light Source, Brookhaven National
Laboratory, Upton, NY 11973, USA; K. Prassides, K. Vavekis, K. Kordatos, School of Chemistry, Physics and Environmental
Science, University of Sussex, Brighton, BNI 9QJ, U.X; and K. Tanigaki, NEC Fundamental Research Laboratories, Tsukuba
305, Japan
Trivalent cubic fullerides containing Na differ from those containing heavier alkali metals in that they undergo a fcc—pc phase transition similar
to pure Cgq and in that their T, is lower than expected from the universal relationship between Tc and lattice parameter. Recently, we have shown
that the stable phase at low temperature is not the known cubic phase, but instead a new monoclinic phase [1].

From synchrotron x-ray powder diffraction, we find that the structure of the ground state of Na,RbCy, is a single-bonded 1D polymer of Cg chains
derived from the primitive cubic room temperature structure by a 5.7% contraction along one of its cubic face diagonals. The unit cell is mono-
clinic with lattice parameters a=13.7114, b=14.5544, ¢=9.3731A, B=133.53° (at T=180K). The interfullerenc distance along the bonding direc-
tion (=c) is virtually identical to the intra-dimer distance of the RbCyq dimer structure [2]. The fullerene molecules are oriented with a single atom
each aligned with the bonding directions and the two polymer chains with buckyballs centered on the origin and the C center are related through
a rotation by 180° around b, resulting in space group P2//a.

We discuss this new structure of Na,RbCq, paying particular attention to bonding mechanisms, fullerene orientations, bond lengths, and the rela-
tion of this structure to other known polymeric fullerides and argue that the contrast between this structure and the [2+2] cydoaddition bonding
of the RbCg polymer is due to the different fullerene charge state.

[1] K. Prassides etal., J. Am. Chem. Soc. 119, 834 (1997)

[2] G. Oszlanyi etal., Phys. Rev. B 54, 11849 (1996).
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INCREASED BRIGHTNESS OF AC EL STRUCTURES ON THE BASIS OF ZnS: Cu Cgq/C7o LAYERS, L.S. Yourukova and
K.M. Kolentsov, Institute of Solid States Physics, Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee Blvd, 1784 Sofia,
Bulgaria

AC EL structures with a light - emitting layer, based of ZnS: Cu - C¢(/C, fullerenes are investigated. The electroluminescent mixture (ZnS: Cu
plus fullerenes) is prepared at a definite temperature which allows a dense contact of the fullerenes with the electroluminophor grains. The vol-
tage - brightness and the frequency characteristics of these structures show increased brightness compared to the non-containing fullerenes struc-
tures. An attempt for explanation of the increased brightness as occurring due to the presence of the fullerenes in structures is made.

MOLECULAR DYNAMICS OF CsCg IN ITS POLYMER AND DIMER PHASES, J-L. Sauvajol, E. Anglaret and R. Aznar,

Groupe de Dynamique des Phases Condensées, Université Montpellier 11, Montpellier, France

We present inelastic neutron scattering and Raman scattering studies of inter-molecular vibrational modes of CsCgy. In the intramolecular modes
frequency range, previous Raman studies have been performed and allowed probe the di- or polymerisation of the fullerene molecules [1,2].
We focus on the interballs modes frequency range and present an investigation as a function of the temperature for both the polymer and quen-
ching-prepared dimer phases. Raman measurements are performed at various excitation wavelengths. The main feature is a peak at 30 cm! in the
polymerized phase, assigned to an interball stretching mode. The same frequency range is investigated as a function of the temperature in inelas-
tic neutron scattering. The polymer and dimer phases display characteristic differences which are emphasized and discussed.

[1] J. Winter and H. Kuzmany, Phys. Rev. B 52 (95) 7115.

[2] D. Bormann, J.L. Sauvajol, C. Goze, F. Rachdi, A. Moreac, A. Girard, L. Forro and O. Chauvet, Phys. Rev. B 54 (96) 14139.

PHOTOSTIMULATED PROCESSES IN FULLERENES, B.L. Oksengendler(l), N.N. Nikiforova(l), O.E. Sidorenko®),
(DInstitute of Nuclear Physics, Uzbekistan Academy of Sciences, Ulugbek, Tashkent 702132, Republic of Uzbekistan, (DInstitute
of Polymer Chemistry and Physics, .Uzbekistan Academy of Sciences, A.Kodyri street, 7 «b», 700128, Republic of Uzbekistan
Electronic and geometrical structure of fullerenes is asaociated with perculiarities of their responce on photoirradiation. Some typical groups of
effects can be set apart: ONLY electronic and electronionic. 1. Electronic effects. Electronic spectrum and typical relaxation times were analyzed
for different electron exitations. For example, for unusual exitons, where hole’s component is delocalized along the surface of fulleren sphere, but
electron component is localized in potential well in side the sphere. On the base of this model a set of electronic properties were calculated (elec-
tron spectrum, absorption section, Raman scattering cross section, Yahn-Teller effect). 2.Electron-ionic effects. Among different electronic pro-
cesses, started up by photon irradiation, there are Auger destruction process and strong autolocalization of structure deformation near the impu-
rity states that were investigated. For example, it was shown that photodestruction processes probabilities are substantially different in the regions
far and near the isthmus.

THE INFLUENCE OF PRESSURE ON CONDUCTIVITY OF CARBONACEOUS MATERIALS, Z. Kuvatov, Bashkir State

University, Dept. of Physics, 450074 Ufa, Russia

By thermally dehydrogenation of polymers carbon materials may be synthesyzed with various structures. In connection with the problem of obtai-
ning carbon materials with necessary properties, we investigated the influence of pressure on conductivity of products of pyrolysis of polyacety-
lene obtained at different pyrolysis temperatures T ,. For These samples the curve of conductivity increasing induced by pressure passes through
maximum with T, increasing. It is appears that samples showing maximum baric effect have biggest number of paramagnetic centers too.
Therefore it can be concluded, that unpaired electrons take part in carrying of charge and pressure influences on its mobility.

STUDY OF KARELIAN SHUNGITS MICROPOROSITY, V.V. Petrova, A.A. Savina, Petrozavodsk State University (PSU),

Lenin Prosp. 33, 185640 Petrozavodsk, Russia,

Porous structure of different Karelian deposit shungits was studied by X-Ray Small-Angle Scattering method.

The objects being investigated were the thin plates cut out in two manners: parallel and perpendicular to the rock stratum. X-Ray Small-Angle
Scattering patterns were obtained with the help of the special chamber KRM-1 at different arrangements of samples relative to the primary beam.
The monochromatic Cu Ka-radiation was used.

The interpretation of the patterns was made by two methods. The Gunier approximation allowed us to define the pores shape and calculate sizes
and the invariant estimation lets us determinate of summary concentration of micropores. The type of micropores was indentified by iodine filling
of shungit samples.

Shungits of different deposits was demonstrated to have sufficient distinctions in character and parameters of microporosity that is derives from
their structure peculiarities. Obtained results help to understand differences observed between density values measured by the X-Ray-method and
hydrostatic weighing techniques.

INITIAL PHASE OF Cgy DEPOSITION ON Si(100) STUDIES IN SITU BY RAMAN SPECTROSCOPY, D. Drews,

M. Friedrich, D.R.T. Zahn, Institut fiir Physik, TU Chemnitz, 09107 Chemnitz, Germany

Cgo was evaporated from a Knudsen cell onto the (100) surface of Si at room temperature under ultra-high vacuum conditions. The deposition
process was monitored in situ by Raman spectroscopy in the spectral region 1350-1600cm-!. Further ex situ investigations were performed using
Fourier transform infrared spectroscopy.

In the initial stages of deposition the Raman spectra show a peak at 1469cm! which is soon replaced by a peak at 1459c¢m-L. The former has been
assigned to the intrinsic pentagonal pinch mode of pure Cq, while the latter has been reported as the signature of the photoinduced polymeriza-
tion of Cgy which is formed under light irradiation with sufflcient intensity (~10W/cm?2) [1]. Although the intensity in the monitoring experiment
was as high as 60W/cm? the deposited Cg film appears to be not polymerized at sufficiently low coverages. From the Fabry-Perot interference
modulation of the Raman scattering intensity the growth rate of the Cgj film is calculated. The correlation with the evolution of Raman spectra
reveals a critical thickness of about 15nm for the onset of polymerization of the C¢, on Si(100) under irradiation.

[1] J.L.Sauvajol, F.Brocard, Z.Hricha, and A.Zahab Phys. Rev. B 52, 14839 ( 1995).

THE VIBRATIONAL SPECTROSCOPY OF M@Cg)(M=La, Y): FAR-INFRARED, RAMAN AND NEUTRON INELASTIC
SCATTERING RESULTS, S. Lebedkin(!), B. Renker(D), R. Heid(1, H. Schober® and H. Riestschel(l), (I)Forschungszentrum
Karlsruhe, Institut fiir Nukleare Festkdrperphysik, Postfach 3640, 76021 Karlsruhe, Germany, (D1nstitut Laue-Langevin, BP 156,
38042 Grenoble Cedex 9, France

The molecular dynamics in endohedral metallofullerides is of considerable interest due to their unique structures. We describe the improved pro-
cedure for producing tens of milligrams of metallofullerenes M@Cg, (M= La,Y). This allows to study vibrational modes of M@Cs, not only by
Raman, but also by far-infrared and neutron inelastic scattering spectroscopy, requiring relatively large amounts of samples. Particular weight is
put on the investigation of low frequency vibrational modes, which include excitations of the metal atom inside the carbon cage. Model calcula-
tions (Born-von Karman model) show the principal grouping of vibrational modes and their dependence on the mass of the metal atom in quali-
tative accordance with the experiments.
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NONLINEAR OPTICAL PROPERTIES OF NEAT AND METAL SUBSTITUTED FULLERENES, J. Callaghan and W.J. Blau,

Physics Department, Trinity College Dublin, Dublin 2, Ireland

The third order nonlinear optical properties of Cqj, C and Pt and Pd derivatives of these were investigated by picosecond optical phase conju-
gation at 1064 nm and 532 nm. The magnitudes of the nonlinearities obtained did not differ appreciably from one another and the second order
hyperpolarisabilities were of order 9x10-47 m5/V2. At 1064 nm the metal derivatives exhibited a larger nonlinearity than the intrinsic response
from Cgq, with C, showing the largest response of the materials studies. At 532 nm a large acoustic response was found for all samples arising
from laser induced phonon scattering.

Transient absorption and pump-probe studies confirm the location of the triplet states in both Cgy and Crq and have determined the lifetime of the
excited singlet state to be 1.2 ns and 0.6 ns, respectively. The metal derivatives possess dual component decays which were assigned as intersys-
tem crossing and triplet decay with lifetimes of approx. 10 ps and 1.5 ns. The large decrease in these lifetimes can be explained with the Heavy
Atom Effect.

Optical limiting experiments were carried out at 532 nm. From the intensity dependant transmission measurements, coupled with a population
level kinetic study, excited state absorption cross sections and efficiencies for optical limiting were determined. Due to the high molecular sym-
metry, Cg, possesses the highest limiting efficiency. Metal derivatives perform better than C, but less efficiently than Cg.

XPS ANALYSIS OF SIGLE CRYSTAL RbCg, SURFACE, T. Danno(!), K. Shiozawa(?), M. Haluska®) and H. Kuzmany(®),
(DDepartment of Home Economics, Kochi Women’s Universtity, Japan, (2)San Analysis & Consulting Survice Co. Ltd., Japan,

(nsitut fiir Materialphysik der Universitit Wien, Austria

Surface of Single Crystal RbCg, was characterised by means of XPS(X-Ray Photoelectron Spectroscopy). The atomic ratio of Rb to C up to 20A
depth preserved about 3 times higher than the stoichiometry (1/60) from the composition analysis. The top surface was covered by the oxidized
carbon material and it decreased by the argon sputtering. The oxidized Rb component was observed at ca. 20A depth by the shape analysis of
Rb3d Spectrum, which shows a weak sholder at the higher binding energy. The stability of RbCygq under the ambient atmosphere is explained by
the existence of oxidized Rb layer on the surface region.

INFRA-RED SPECTROSCOPIC STUDIES ON OPAQUE-CARBON BASED MATERIALS WITH SPECIAL REFERENCE
TO FULLERENES AND CARBON FIBRES, A. Kumar and G.C. Pandey, Research Centre, Indian Petrochemical Corporation

Ltd, Baroda 391346, India

Recording of a good quality IR spectrum of carbon based materials due to their high absorptivity has been one of the major limitations in unders-
tanding the structural aspects of such materials. Fullerenes and carbon fibres are a few examples. Recently we have succeeded in recording a fair-
ly well resolved IR sectra of such samples using a modified diffuse reflectance infra-red fourier transform (DRIFT) and newly-developed Mirage-
FTIR combination system. The spectral analysis of Cg, fullerenes both powder and crystalline (obtained without any dilution) has been done in
the light of microstructural/morphological variations. The IR spectral features of fullerenes were found to match well with their predicted spec-
trum and was superior to that commonly reported in literature (as KBr pallet).

Similarly fiarly well resolved IR spectrum of carbon fibres including oxidized/stabilized fibres (commonly known as Panox) and that of high
modulus carbon fibres have been recorded by Mirage-FTIR technique. The spectral analysis has been done in the light of extent of removal of
non-carbon elements in the carbon framework structure. A correlation betwwen IR spectral characteristic and physico-mechanical properties is
being attempted.

NON-DESTRUCTIVE EVALUATION OF THERMAL DIFFUSIVITY OF FULLERENES AND CARBON FIBRES, A. Kumar

and G.C. Pandey, Research Centre, Indian Petrochemical Corporation Ltd, Baroda 391346, India

Microcospic IR photothermal radiometry (PTR) setup has been used as an alternative to conventional laser flash method, for nondestructive eva-
Iuation of thermal diffusivity of fullerenes and carbon fibres. Measurements on two C60 fullerene samples (crystalline and powder form - as pal-
let) were made and the data have been analysed in the light of microstructural variations. The considerable difference (by an order of magnitude)
in thermal diffusivity values of the two samples has been explained in the light of structural voids/defects which in case of C60 fullerene (com-
pact) pallet are expected to create a barrier to heat flow and may be responsible for such a low value compared to that of crystalline sample. The
extent of (heat flow) barrier will also depend upon the size and number of voids (on the pallet) per unit area i.e. larger the number and size of
void, lesser will be the thermal diffusivity.

Thermal diffusivity of carbon fibres representing variations in terms of source, extent of carbonization etc. have been determined by PTR method.
The results show that the thermal diffusivity had a direct correlation with the extent of carbonization of carbon fibre.

STRUCTURES OF SOOT GENERATED BY LASER INDUCED PYROLYSIS OF METAL-GRAPHITE COMPOSITE TAR-
GETS, E. Munoz, A.M. Benito, M.T. Martinez, Instituto de Carboquimica, CSIS, Luciano Gracia 5, 500015 Zaragoza, Spain,
I. Fernandez, G.F. de la Fuente, Departamento de Ciencia y Tecnologia de Materiales y Fluidos, ICMA-ETSII, Centre Politecnico
Superior, Maria de Luna 3, 50015 Zaragoza, Spain and Y. Maniette, Serveis Cientifico-Tecnics, Universitat de Barcelona, Lluis

Solé i Sabaris s/n, 08028 Barcelona, Spain

A novel laser induced pyrolysis (LIP) method for producing fullerene nanostructures has been recently developed, where different lasers and soot
collection conditions have been used which differ significally from those used by other authors.

Carbon soot has been generated by LIP of transition metal containing graphite rods Different types of carbon structures were produced, ranging
from amorphous carbon to fullerene nanostructures, varying the temperature of the substrate where the soot is collected, the laser energy and pro-
cessing parameters, the inert gas pressure and its flow rate and the metal concentration within the metal-graphite composite targets.

INVESTIGATION OF FULLERENES BY 2-mm WAVEBAND EPR SPECTROSCOPY, V.I Krinichnyi, Institute for Chemical

Physics, Russian Academy of Sciences, Chernogolovka 142432, Russia

The fullerenes and their complexes with a partial or complete charge transfer are widely investigated by magnetic resonance techniques in the last
decade. NMR spectroscopy allows to study the reorientational motion of a part of Cg, molecules at temperatures higher then 100 K only [1]. The
paramagnetism of some of fullerene systems takes a possibility to investigate these compounds by EPR method [1]. However, the data obtained
at usual 3-cm waveband EPR does not permit to determine a correct information on the nature and dynamics of paramagnetic centers in the sys-
tem under study.

The sensitivity and efficiency of EPR method increases considerably at 2-mm waveband due to a higher spectral resolution and to the appearan-
ce of new effects [2]. The present report is devoted to the applicability of a new 2-mm waveband EPR spectroscopy for investigation of various
properties of fullerenes. It was shown that the complex of Cg, with triphenylamine contains photoinduced spins in the ground and excited triple
states with different relaxation and dynamics behaviors. These parameters and spin susceptibility are changed dramatically at phase transition at
260 K. The rate (15 THz at 300 K) and activation energy (0.024 €V) of spin rotation in C4y molecules were determined as well.

The utility of the new EPR technique in the investigation of other fullerenes and carbone based systems are discussed.

[1] C.N.R.Rao, Ram Seshadri, A.Govindaraj, and Rahul Sen, Mater. Sci. Engin., R15 (1995) 209

{2} V.LKrinichnyi, 2-mm Wave Hand EPR Spectroscopy of Condensed Systems, Boca Raton, CRC Press, 1995.
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ELECTRON SWARMING IN CARBON NANOSTRUCTURES, S.A. Beznosjuk, M.S. Beznosjuk, D.A. Mezentzev,

Department of Physical Chemistry, Altai State University, Dimitrov Street 66, Barnaul 656099, Russia

The successful development of computer simulation of experimental methods of carrying out design at the level of individual atoms in materials
stimulated the physics of nanosystems. The required quantum approaches were developed in the 1980s in the form of the rheology of kinematic
electron-density waves [1]. This application contains some possible mechanisms of electron swarm traffic confinement in a carbon nanostructu-
re, system of quantum walls.

We took under consideration a simple model of corpuscular electron swarming. The electron corpuscle could intersperse between atoms. For sim-
plicity we have made two basic assumptions. First, we treat the real state of the electron swarm within the so-called jellium approximation.
Second, we assume that a set of the single-electron lodges organizes some g-dimensional lattices. An energy of the corpuscular electron swarm
per single electron has a form: E = 0.867xg / (r x 1) - 1.200/ r, where r denotes a radius of single-electron lodge. Obtained estimates of proper
equilibrium parameters of g-dimension corpuscular electron swarms allow us to examine the possibility of their realizing in practical nanostruc-
tures. Some results for carbon nanostructures of g-dimension are indicated. Account is taken of quantum topological definitions of the various
corpuscular constituents: corpuscular electrons, molecules, coordinate compounds and their clusters.

1. S.A Beznosjuk, B.F. Minaev, R.D. Dajanov, and Z.M. Muldakhmetov, Int. J. Quantum. Chem..- v. 38.- N6.-1990.- 779-797.

PHYSICAL PROPERTIES AND PHASE TRANSITION IN ACgo, J. Winter, C. Kugler and H. Kuzmany, Institut fiir

Materialphysik, Universidt Wien, Strudlhofgasse 4, 1090 Wien, Austria

The phase transition and physical properties of the alkali metal doped AC¢, compound with A = K, Rb were studied using Raman spectroscopy.
Homogeneously doped single crystal single phase AC, up to the penetration depth of the laser could be obtained by a combination of a doping
and an equilibration process above 400 K. The phase transition from a fcc to an orthorhombic structure for the AC, compounds where the mole-
cules are linked togheter and form linear chains and also the conditions for phase separation in the potassium doped system were studied in detail.
Quenching and annealing experiments carried out with the RbCg fec high temperature phase showed significant changes in the spectrum which
were interpreted as the Raman response of a metastable monomer and a single bonded dimer phase. Additional experiments were performed to
check the possibility to dope neutral polymeric structures as phototransformed Cg and different polymeric Cgy structures obtained by a high pres-
sure and high temperature treatment of Cg.

PREPARATIVE SEPARATION OF HIGHER FULLERENES BY HIGH-PERFORMANCE LIQUID CHROMATOGRA-
PHY(HPLC) ON ZINC(II)-TETRAPHENYLPORPHYRIN-MODIFIED SILICA COLUMN, Yin-Mei Liu, Ling Zhu, Xungao
Zhang, Rongsheng Sheng, Fullerene Institute, Wuhan University, Wuhan, Hubei, 430072,China

STUDIES OF DIFFERENT FULLERENES DOPED IN POLYSTYRENE BY ABSORPTION AND PHOTOLUMINESCENCE
SPECTRA, Gu-Gang Chen, Zhi-Shan Xu, Xun-Gao Zhang, Rong-Sheng Sheng, Fullerene Institute, Wuhan University, Wuhan,
Hubei, 430072,China
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CHEMICAL SWITCHING FROM THREE-DIMENSIONAL ALL HYDROCARBON DENDRIMERS TO LARGE AROMA-
TIC GRAPHITE SUBUNITS, K. Miillen, E. Morgenroth, and C. Kiibel, Max-Planck-Institute for Polymer Research,
Ackermannweg 10, 55128 Mainz, Germany.

A simple divergent synthesis of monodisperse 1,2,4-phenylene based all hydrocarbon dendrimers having diameters of 21 - 55 A is presented.
These dendrimers were prepared via a [2+4]cycloaddition-deprotection-sequence using an excess of tetraphenylcyclopentadienone 1 as monomer
and tetraethinylbiphenyl 2 as core. By applying cyclodehydrogenation conditions to the lower generation G, the three dimensional structure was
converted into the planar polyaromatic graphite subunit C,3,Hj,.

Molecular mechanics calculations in combination with molecular dynamics simulations were employed to discuss the structure and the shape-
persistence of G,, showing that the conformational freedom of the higher generations G, and Gj is limited.

LASER PYROLYSIS OF CARBON-NTROGEN GAS-PHASE COMPOUNDS: AN ATTEMPTED APPROACH TO CARBON
NITRIDE FORMATION R. Alesandrescu, S. Cojocaru, A. Crunteanu, S. Petcu, R. Cireasa, G. Pugna, 1. Morjan, National
Institute of Physics of Lasers, Plasma and Radiations, P.O. Box Mg-36, Bucharest, Romania; D. Fatu, University of Bucharest,
Department of Physical Chemistry, Bd. Republicii 13, Bucharest, Romania; and F. Huisken, Max-Planck Institut fiir

Stromungsforschung, Bunsenstrasse 10, 37073 Géttingen, Germany

In the past few years, the theoretical considerations of Liu and Cohen indicating the extreme hardness of a new carbon-nitride material have attrac-
ted an increased interest. Most of the efforts were directed to the growth of CN films by different deposition techniques and surface treatment.
This paper presents a new attempt for the formation of carbon-nitride phases by using the sensitized CO, laser pyrolysis of acetylene/ nitrous
oxide/ ammonia mixtures. Fine powders were produced in a flow reactor, at different partial pressures of the system reactant-sensitizer
(SF¢/C,H,). The kinetics of the reaction was monitored by IR spectrophotometry of the exhaust gases. The powders were analysed by X-ray dif-
fraction (XRD), X-ray photoelecton spectroscopy (XPS) anc IR transmission measurements. The majority of the XRD data suggests the presen-
ce of the predicted o- and 8-C3N, phases. It was found that minor contamination of powders by fluorine- and sulphur-based by-products, origi-
nated from SF4 decomposition occured. Work is in progress for minimizing the impurities by the improvement of experimental parameters.

INFLUENCE OF PROCESS PARAMETERS ON CN, FILMS OBTAINED BY LASER-CVD AT TWO WAVELENGTHS,
R. Cireasa, A. Crunteanu, R. Alexandrescu, I. Morjan, C. Martin, I. N. Mihailescu, National Institute of Physics of Lasers, Plasma
and Radiations, P.O. Box MG-36, Bucharest, Romania; A. Andrei, Institute for Nuclear Reactors, Pitesti, Romania and F. Vasiliu,

Institute of Physics and Technology of Materials, P.O. Box MG-6, Bucharest, Romania

The possibility to produce superhard carbon nitride materials is attracting continuous scientific and application interest. Up to now mainly tech-
niques as plasma CVD, magnetron sputtering. ion assisted dynamic mixing and laser ablation were used to grow CN films.

In this study we used the CVD teclmique for thin film deposition by laser irradiation of ethylene/ammonia/nitrous oxide mixtures with 10.6 pm
and 248 nm. A perpendiculary geometry of irradiation on alumina substrates was used. A long pulse regime of the CO, laser was heating the sub-
strates and, consequently, thermally decomposing the reactants in order to produce the deposit. The comparison of the pyrolytic process efficien-
cy with the photolytic one (irradiation with KrF laser) is presented. For the photolytic process a temperature rise of the substrate is believed to
influence to a certain extent the deposition process.

Because of the known nitrogen defficiency of the CN films, its incorporation on the film was investigated according to the modification of the
deposition conditions. The influence of the deposition wavelength and the gas partial presssures on the chemical content and morphology of films
is discussed.

NEW DATA ON BIOLOGICAL ACTIONS OF WATER SOLUTIONS OF FULLERENES AS PROTOTYPES OF NEW CLASS
OF DRUGS. G.V. Andrievsky, A.D. Roslyakov, T.V. Gorbach, VK. Klochkov, A.V. Zhmuro, IT AMNU, 2-a Postysheva str.,
310039 Kharkov, Ukraine

During the investigation we took into account the fact that minimal size of fullerene Cg aggregates are comparable with a thickness of animal
cell membrane. This fact, as well as a property of Cg4 (as a suspension with particles’ size 300 nm) to be captured and hold by alive animal cells
[2], gives a possibility to classify fullerenes as membranotropic agents. In vitro experiments revealed that FWS (Cqo = 1-6 pM) : (i) - possess a
significant antioxydant; (ii) - decrease human red blood cells’ hemolysis in 3-9 times; (iii) - do not inhibit cells respiration, are not hepatotoxic
and do not influence negatively blood coagulation. Taking in mind these facts, we made in vivo experiments of biological action of FWS in rats
(healthy and with experimental acute autoimmune disorder). It was shown that after single intravenous injection of FWS (Cgg, 0.3-0.4 mg/kg)
after 24 h in animals with experimental acute autoimmune disorder a row of investigated biochemical parameters of blood and heart, liver, renal
and cerebral tissues, including basic immunological parameters, returned mostly to normal values. It was revealed that, Cso FWS are able to posi-
tively influence activity of adrenergic, GABA-, hystaminic- and, especially, serotoninergic systems. A positive effect of FWS, as a result of increa-
sed resistance of plasma membranes to damaging factors, manifested in activation of antioxidant and energetic system of the animals tested.
Mechsnisms of biological activity of FWS as prototypes of the new class of pharmaceuticals based on chemically unmodified fullerenes are dis-
cussed.

1. See Andrievsky G., et. al., «Properties of fullerenes in aqueous solutions», the report N... in this Abstracts of ICAM’97/E-MRS’97 SPRING
MEETING.

2. Scrivens A., et. al., JJAm. Chem. soc., 116 (1994) 4517.
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PROPERTIES OF FULLERENES IN AQUEOUS SOLUTIONS G.V. Andrievsky, V.K. Klochkov, A.D. Roslyakov, A.Yu. Platov,

IT AMNU, 2-a Postysheva str., 310039 Kharkov, Ukraine

Recently [1] a method has been offered for production of highly stable and finely dispersed colloidal solutions of fullerenes in water (FWS). We
used this method to obtain both purely aqueous solutions of Cg and solutions of ng in water containing either polyvinylpyrrolidone (PVP) or
glucose. The properties of the FWS were characterized by the following methods: 22Cf PD-MS, STM, UV-vis spectroscopy, GLC, electropho-
resis. FWS, being colloidal systems, were stable during 12 months and more on storage at the normal conditions. The hydrated fullerene aggre-
gates mainly had (approximately) the sizes 10, 40, 120 nm. It was found out that these aggregates consist of more small particles with diameter
approximately 3 nm containing 11-13 molecules of Cg. In FWS the surface of colloidal particles had been charged negatively and the size of this
charge depends on electron-donating properties of solvent components. It is of interest that C4y-PVP FWS are convertible colloidal systems i.e.,
re-soluble after the drying. We specifiide dependence of the sizes of fullerene aggregates from the value A, of absorption UV-bands of Cy, in
polar and non-polar medium. For bio-medical research, application of FWS as the prototypes of pharmaceutical drugs based on chemically unmo-
dified fullerenes is offered.

1. G. Andrievsky et. al. J.Chem. Soc., Chem. Commun., 12 (1995).

REALIZATION OF A WIDE RANGE OF GLC/DLC*-PROPERTIES BY PULSED LASER DE- POSITION (PLD), H. Mai and

C.-F. Meyer, Fraunhofer-Institut fur Werkstoff- und Strahltechnik, Winterbergstr. 28, 01277 Dresden, Germany

Preparation and characterization of GLC/DLC thin solid films are described. The coating equipment involves a basic UHV-system, various laser
types (TEA-CO,, Nd-YAG & ArF) to provide distinguished photon wave lengths and a particular target handling configuration to achieve a satis-
factory thickness uniformity upon technically relevant substrates.

Different wavelengths and power densities of the focused laser beam were applied for the ablation of spectroscopically pure graphite targets. Films
were deposited on Si <100> substrates. Condensation proceeds at room temperature and deposition rates of typically 0.1 nm s

X-ray Reflectometry, Ellipsometry, IR- and Raman-Spectroscopy, Electron-Microscopy, Scanning Probe Microscopy and Ultrasonic Surface
Wave Spectroscopy were used for the characterization of mechanical and optical properties of the specimens. Selected results demonstrate the
correlation between chosen laser parameters and layer properties. This will be demonstrated particularly for mass density (p = 2.2 through 3.4 g
cm-3), optical extinction coefficient (k = 0.9 through 0.02) as well as Youngs Modulus (E = 200 through 800 GPa) thus representing one of the
closest approaches to a «diamond like» behaviour.

*GLC - Graphite Like Carbon, DLC - Diamond Like Carbon.

SYNTHESIS OF THE DIAMOND CRYSTALS FROM OXYACETYLENE FLAME ON THE METAL SUBSTRATE AT LOW
TEMPERATURE. E. V. Grigoryev, V. N. Savenko, D. V. Sheglov, A. V. Matveev, V.A. Cherepanov. A. A. Borisov, A. S. Zolkin,
Novosibirsk State University, Pyrogova Street 2, Novosibirsk, 630090, Russia; B. A. Kolesov, Institute Inorganic Chemistry,

Novosibirsk, 630090, Russia

Diamond films and particles were synthesized by deposition from oxyacetylene flame on the molybdenum substrates under atmospheric condi-
tions at 650K. It is more then 200K below as usual in such experiments. The study deals with morphological evolution of diamond films in com-
bustion synthesis at different temperatures of the substrate as a basis for understanding the nucleation and growth mechanisms of the diamond
phase. The films and particles were studied by scanning and transition electron microscopes and were characterized by Raman spectroscopy in
this experiment. The best results, namely, perfect octahedral crystals, were obtained at R (O,/C,H,) = 1.0, gas flow rate F = 2.2 1/min, distance
between flame-comn and the surface of the substrate d=2 mm. Raman shift: 1332cm-, the crystal growth rate: 50 A/c. Detailed data obtained by
scanning electron microscopy are presented on the morphological evolution depending on the synthesis condition.

RAMAN SCATTERING INVESTIGATIONS OF SEMICONDUCTING DIAMOND-LIKE CARBON THIN FILMS AND
FIBERS OBTAINED FROM CAMPHOR, E. Rzepka, A. Lusson, E.A. Ponomarev, C. Lévy-Clément, Laboratoire de Physique
des Solides de Bellevue, CNRS, 92195 Meudon Cedex, France; K. Mukhopadhyay, M. Sharon, Department of Chemistry, ITT,

Powai, Bombay 400 076, India

Semiconducting carbon-based thin films obtained from camphor soot were studied by microRaman Spectroscopy with a laser wavelength of 632.8
nm. Different spectral contributions were identified between 1000 and 1650 cm-! and discussed. The contributions are the D-like and G-like peaks
of polycrystalline graphite at ~ 1345 and 1530 cm-! respectively with a FWHM value ~ 5 times larger than in a:C, and an additional feature at
1240 cm-1 due to disordered sp3-bonded carbon of camphoric soot. Spectra obtained were typical of amorphous DLC materials (a: DLC) contai-
ning a very low level of hydrogen atoms as shown by FTIR spectroscopy. This material seems to be suitable for flat panel display application
using field emission.

Thermal annealing by laser light induced a modification in the Raman spectrum. A band appears at 1591 cul, close to the peak associated with
in-plane stretching mode of sp2-hybridized carbon atoms (graphite phase).

Thick (20pm) and thin (lpm) fibers were obtained from camphor pyrolysis. Raman spectra were similar to those obtained with laser annealed thin
films.

ELECTRONIC STRUCTURE OF THE POLYMERIZED AMORPHOUS FULLERENE, A.V.Okotrub, L.G.Bulusheva,

Yu.V. Shevtsov, Institute of Inorganic Chemistry’ SB RAS, 630090 Novosibirsk, Russia
The CKa-spectrum of the amorphous polymerized fullerite was obtained with the use of X-ray spectrometer «<STEARAT» by the fluorescent exci-
tation method. The resolution of 0.25 eV for the CKa-spectrum was obtained.

Theoretical X-ray spectra of polymerized fullerene were simulated on the basis of quantum-chemical calculations of C,q dimer and of Cgq tri-

mer by a method PM3 . The full optimization of geometry of these molecules was carried out. The most satisfied accordance of experimental and
theoretical spectra is observed for two- and three- dimensional structures. Thus the coordinate value of the Cqy molecules is in the range of 4-6.
For the study of the chemical bonding between molecules fullerene in the polymer chain, fragment-by-fragment analysis of the trimer MO was
carried out. Unoccupied orbitals of Cg, take part on to 15% in the construction of the HOMO’ s of polymeric chain. In the structure MO of chain
there are MO located on the different molecules Cgj in significant degree (~80%) and MO, in construction of which, all molecules participate in
an equal degree.

THE SYNTHESIS AND MORPHOLOGY OF CARBON NANOTUBES, Yu.V. Shevtsov, A.V. Okotrub, L.I. Nasonova, Institute
of Inorganic Chemistry SB RAS, 630090 Novosibirsk, Russia, A.L.Chuvilin, Institute of catalysis SB RAS, 630090 Novosibirsk,

Russia, A.K.Gutakovskii, Institute of Semiconductor Physics SB RAS, 630090 Novosibirsk, Russia

We used the method of electric arc evaporation of graphite for investigation of processes fullerene and carbon nanoparticles synthesis. For these
purposes a 35kW power facility equipped with manipulators, detectors and mass- spectrometer was made. Morphology and atomic structure of
the nanoparticles from deposit samples and from soot were studied by the transmission electron microscopy method. The fullerene-containing
soot was found to contain the cage carbon particles (monolayered carbon bubbles and tubes) which were formed due to the heating of the par-
ticles of amorphous carbon. These particles can organize the ordered structures. The variation of the sintering condition of the amorphous soot
particles results to the formation of the multilayered (2-6 layers) closed structures. We proceeded the computer restoring of the separated images
of the front and back walls of the tubule. The images demonstrate, the picture of intermittent regions of the strict periodicity. This is the base for
the conclusion of the local graphite crystallization of the tubule walls. All nanotubes under investigation was found to have a spiral structure.




SYMPOSIUM A

A-II/P11

A-II/P12

A-II/P13

A-11/P14

A-II/P15

A-11/P16

X-RAY SEPCTRA AND ELECTRONIC STRUCTURE OF CARBON NANOTUBES, L.G. Bulusheva, A.V. Okotrub, Institute
of inorganic chemistry SB RAS, 630090 Novosibirsk, Russia; D.A. Romanov, Institute of semiconductor physics SB RAS,
630090 Novosibirsk, Russia

The particularities of the electronic structure and electrophysical properties of nanotubes depending on their diameter and spirality was investi-
gated using the quantum chemistry methods. The electron structure calculations have been made by semi-empirical method PM3. The clusters of
the tubules (4,4), (5,5), (6,6) and of the tubules (6, 0), (7, 0), (8, 0), (9, 0) were calculated. The ionization potential for HOMO of clusters was
shown to be determined by the distortion of the carbon hexagons. We found, that the HOMO structure are the same for the clusters of various dia-
meter: the stripes of zero electron density on the carbon atoms are on the tubule perimeter for (n,n)- type tubules and along the tubule for (n,0) -
type tubules. The clusters of spiral nanotubes (6,4), (7,3), (8,2) and (9,1) with fixed diameter (~10A) were calculated. For the central hexagons
of these clusters the theoretical CKo-spectra, which reflect the distribution of the electron density of carbon atoms in the cluster valence band
were simulated. The theoretical spectra were correlated with the experimental high-resolution fluorescent CK&-spectra of carbon multylayered
nanotubes, obtained by the method of electric arc evaporation of graphite.

ELECTRONIC STRUCTURE OF CgFyy, L.G.Bulusheva, A.V.Okotrub, Institute of Inorgamc Chemistry SB RAS, pr. Ak.
Lavrent’eva 3, 630090 Novosibirsk, Russia.

Seven isomers, possessing the various size of carbon n- system, were constructed. Full geometry optimization for these isomers was carried out
by PM3 method and theoretical CKo- and FKar- spectra were calculated. These spectra were compared with the X-ray high resolution fluorescent
spectra of CyoF,, to find the isomer with the best coincidence. The fluorine atoms in synthes1zed pattern have been found to dispose along a dia-
meter of C60 sphere to form two carbon areas with delocalized electronic density.

A fragment analysis of mentioned above CyyF,, isomer with the use of the distorted Cg, ﬁ'ame was made. p-type HOMO’s of CqyF,, have been
shown to consist of the vacant orbitals of the Cqq cage with the contribution of 10-30%. Lower energy MO’s of Cq(F,4 have been found to be for-
med by 2p-AO’s of all carbon atoms of the Cg cage and 2p-AO’ s of fluorine atoms. These MO’s are 7~ -antibonding m respect to the carbon-fluo-
rine interaction. The structure of MO’s of CgF,, includes MO, located in the narrow energetical range (~0.4eV) with the main contribution from
2p-AO’s of fluorine atoms, directing tangentially along the surface of the Cqq cage. The deeper group of MO’s includes 6-bonding and n-bon-
ding orbitals in respect to the interaction between the atoms of fluorines and carbons.

DIAMONDLIKE CARBON FILM PREPARATION AND SURFACE COATINGS OF OXIDE SUPERCONDUCTING AND
FERROELECTRIC FILMS, Shin-ichi Aoqui, Kumamoto Institute of Technology, Ikeda, Kumamoto 860, Japan; K. Ebihara and
Y. Yamagata, Department of Electrical and Computer Engineering, Kurokami, Kumamoto 860, Japan

Diamondlike carbon (DLC) films as well as amorphous carbon(a-C) films are investigated as possible passivation and environment protection for
YBCO oxide superconducting and PZT ferroelectric thin films. Carbon films show two extreme state of DLC films and a-C films depending on
the deposition conditions. The environmental degradation of the YBCO and PZT materials is serious problems in developing high-Tc supercon-
ducting devices and ferroelectric IC devices. The pulsed laser deposition ( PLD) technique is employed to prepare the perovskite oxide films of
YBCO and PZT. These film surfaces were coated by the DLC films prepared using the laser ablation method. Optimum deposition condition of
the PLD process for the YBCO, PZT and DCL was investigated. In the case of DLC coatings, a graphite target was ablated using KrF excimer
laser of 4 J/cm? in 400 mTorr hydrogen ambient gas. An optical band gap of 2.5 eV was attained on room temperature substrate and high quali-
ty superconductivity of the DLC coated YBCO films was kept over one month.

CHARACTERIZATION OF CARBON NITRIDE THIN FILMS DEPOSITED BY AN RF PLASMA BEAM G. Dinescu,
E. Aldea, C. Stanciu, C. Ghica, G. Musa, National Institute of Lasers, Plasma and Radiation Physics, Bucharest-Magurele,
Romania; M.C.M. van de Sanden, D.C. Schram, Eindhoven University of Technology, the Netherlands

Thin films downstream deposited by a nitrogen plasma jet generated between a graphite electrode and a graphite nozzle have been investigated
by ellipsometric spectroscopy, transmission electronic microscopy and microhardness measurements.

Starting from previous results of infrared absorption spectroscopy and XPS investigations, a multilayer structure, with an appropriate chemical
composition on each layer, has been considered for fitting the ellipsometric data. This procedure lead to the optical constants and to a composi-
tion model for the deposit.

The TEM investigations had shown that the films are amorphous and consisting of an ordered filamentary structure, with filaments having the
thickness around 20 nm and being perpendicularly oriented on the substrate surface.

A hardness around two times higher than that of the silicon substrate has been measured.

CARBON NITRIDE FILM DEPOSITION FROM AN EXPANDING THERMAL NITROGEN PLASMA REACTING WITH

SOLID CARBON, A. de Graaf, M.C.M. van de Sanden, D.C. Schram, Eindhoven University of Technology, the Netherlands; and

G. Dinescu, A. Andrei, M. Gartner, National Institute of Lasers, Plasma and Radiation Physics, Bucharest-Magurele, Romania

A carbon target has been submitted to an Ar/N, expanding thermal plasma leading to the deposition of thin films on a substrate placed downs-

tream the target.

The chemical composition of the deposited films has been investigated by IR absorption spectroscopy, spectroscopic ellipsometry, X-ray pho-

toelectron spectroscopy. Evidence of carbon presence in the film was obtained. Also the nitrogen bonding to carbon was confirmed showing that
carbon nitride layers have been deposited.

The spectral emission recorded from the plasma expansion located between the carbon target and substrate strongly exhibits the violet CN radi-

cal emission: This emission increases with target temperature.

The experimental results show that the deposition process is based on the reaction of nitrogen excited species with the carbon surface. The car-

bon atoms from the target are forming chemical radicals which are transported along the flow in the deposition area.

CARBON NITRIDE FILMS PREPARED BY GUANAZOLE LASER ABLATION IN AMMONIA ATMOSPHERE R. Soto,
P. Gonzalez, J. Pou, B. Leon, M. Pérez-Amor. Dpto. Fisica Aplicada, Univ. Vigo, Lagoas-Marcosende 9, 36200 Vigo, Galicia,
Spain

Carbon nitride thin films were deposited using an ArF excimer laser to ablate a target of 3,5 diamino 1,2,4 triazole (guanazole) in a reactive atmos-
phere of ammonia. Films were obtained at room temperature onto crystalline silicon, aluminium and Corning glass substrates.

The dependence of the film properties on the ammonia pressure is reported. Films were characterized systematically by profilometry, Fourier
Transform Infrared Spectroscopy and Energy Dispersive X-ray Spectroscopy. Infrared spectra are dominated by a broad absorption band from
1300 to 1650 cm! and a peak located at 2165 cm-! indicating that nitrogen is bonded to carbon in different configurations. The broad band at
high wavenumbers (3100-3500 cm-!) is attributed to NH, stretching modes revealing the presence of hydrogen in the films. Composition esti-
mated by EDX shows that as the ammonia pressure is increased, higher concentration of nitrogen is incorporated into the films, reaching values
up to 53 at.% for NH; pressures higher than 1 Torr.
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PARACYANOGEN-LIKE STRUCTURES IN HIGA-DENSITY AMORPHOUS CARBON NITRIDE F. Weich, J. Widany, and

Th. Frauenheim, Technische Universitét, Institut fiir Physik, 09107 Chemnitz, Germany

An ab initio based tight-binding molecular-dynamics (MD) method has been used to generate 60 amorphous carbon nitride structures with various
stoichiometries (0, 14, 29, 43, 57 % nitrogen) and densities (1.5, 2.0, 2.5, 3.0, 3.5, 4.0 g/cm3) thus providing for the first time an atomic level
insight into the important chemical bonding properties in such materials. At approximately 30% nitrogen content, the character of the material
changes from heavily nitrogen doped amorphous carbon to an amorphous carbon nitride. In addition, we observe pronounced trends counterac-
ting the formation of a low-compressibility phase: 1) The energetically most favourable density for the amorphous structures shifts downwards
from 3.0 g/cm3 at 0 and 14 % nitrogen to approximately 2.0 g/cm? at 43 and 57 % nitrogen, respectively. 2) The sp? carbon fraction at any mass
density between 1.5 and 4.0 g/cm? 1s strongly enhanced by N-incorporation. 3) In the nitrogen-rich cells at highest densities the network connec-
tivity is considerably reduced compared to pure ta-C. There are even some chain-like and layered structure elements incorporating paracyanogen-
like bonding configurations. 4) The trend to the paracyanogen bonding is even more pronounced at densities below 3.0 g/cm3, confirming expe-
rimental Raman and IR findings. During MD-annealing at such densities an increasing number of CN- and N,-dimers are formed, which under
real deposition probably evaporate into the gas phase, thus limit’ing the highest possible N-concentrations in the films to about 40 % in most expe-
rimental studies.

OPTICAL AND ELECTROOPTICAL PROPERTIES OF CARBON DIAMOND LIKE FILMS, V.M.Puzikov, A.V. Semenov,
D.I. Zosim, Department of Optical and Constructional Crystals STC «Institute for Single Crystals», 60 Lenin ave., 310001,
Kharkov, Ukraine

Experimental results on effect of electric field on optical properties of carbon diamond-like fitms (DLF) are reported. DLF prepared by the ion
beam deposition method demonstrate electrooptical and electrostrictional properties are quadraticaly dependent on the electric field. For DLF of
the Ist series prepared under optimal conditions the electrooptical C, and electrostrictional Cy coefficients are 1.22x10-19M2?/V2 and 8.25x10-
19M2/V2 respectively. For the films of the 2nd series prepared with the increased energy of the deposited ions (~180eV) the coefficients C; and
C,, are 7.11x10-17"M2/V2 and 3.57x10-1"M2/V2 respectively. The effect of the electric fleld on the reflection coefficients of DLF is characterized
by the threshold value of the electric field 0.96x103V/M and 2.63x108V/M correspondingly for DLF of the Ist and 2nd series. Beginning from the
value of the electric field 1.57x108V/M (lst series) and 3.26x108V/M (2nd series) the effect of memory appears in the films: new states of the
reflection function are preserved with the fleld switched off. The effect of the electric field on the reflection function of the more dielectric DLF
(Ist series) are revealed weaker by an order than that of the less dielectric DLF (2nd series).

CARBON NANOTUBES OF POLYETHYLENE: SYNTHESIS, STRUCTURE AND FIELD EMISSION, E.F.Kukovitskii,
S.G. L'vov, Kazan Physical-Technical Institute, 420029 Kasan, Russia, L.A. Chernozatonskii, Institute of Biochem. Physics,
117334 Moscow, Russia, A.L. Musatov, K.R. Izraeljanz, A.B. Ormont, Institute of Radio Eng. and Electronics, 103907 Moscow,

Russia

Crooked carbon nanotubes 10-40 nm in diameter were obtained at 420-450°C by the pyrolysis of polyethylene in He atmosphere using Ni plate
as a catalyst. Production of this powder was 200-300 mg per hour (using 500 mg of polyethylene). Their identification was made by electron
microscopy, Raman spectroscopy, electron and X-ray diffraction. The oxidation reaction of the nanotube powder studied.

Like-cotton wool nanotube films (about pm thickness) were obtained also on Ni plates. Near surface some tubes come to their ends (20-60 nm
in diameter) directed outwards (~106/cm?). We studied their field electron emission at 10-9 torr vacuum. 1-10 mA/cm? current density was obser-
ved at 4-10 V/pum,

THE X-RAY EXCITATIONS IN THE POLYMERIZED FULLERENES, V.V. Rotkin, Ioffe Physical-Technical Institute, 26

Politekhnicheskaya st., 194021 St.Petersburg, Russia )

Recent development of dimerized fullerene molecule, polymerized chains and arrays of fullerenes on a surface and in bulk monocrystal attracts
our attention as exiremely nanoscale example of self-organizing structures. These objects possess optical excitation resulting from the electronic
collective excitations [1].

We concentrated our research on the calculation of the elementary excitation frequencies in the single cluster [2], in the cluster based material [3],
and in the dimerized cluster [4]. Two types of coupled oscillation exist with energy shifted up and down from Cgy molecule plasmon energy depen-
ding on dipole polarization. The generalization of the last result for the 1-D chain of fullerenes or the 2-D plane 1s straightforward. The 1-D chains
were experimentally observed in the doped fullerene solid and the surface of the fullerene solid was found to be polymerized at the UV exposu-
re. The existence of the coupling between the X-ray photon and the transverse collective excitation is shown as the X-Ray polariton [1]. .

[1] V.V. Rotkin, R.A. Suris, Abstract on The Int.Conf. on Soft X-Rays in 21-st Century, Midway, Utah, USA, 8-11 January, 1997.

[2] V.V.Rotkin, R.A.Suris, Mol. Materials, v.4, 87-94, 1994.

[3] Rotkin V.V., Suris R.A., Sov.- Solid State Physics, {/bf 36}, 12, 1899-1905, 1994.

[4] V.V.Rotkin, R.A.Suris, Sol.State Comm., v. 97, N 3, 183-186, 1995.

THE ROLE OF THE SUBSTRATE BIAST (DC - or RF) AND SOME OTHER DEPOSITION PARAMETERS IN THE GROW-
TH MECHANISMS OF CNXHy FILMS OBTAINED BY ECR PLASMA ACTIVATED CVD, L.R. Shaginyan, Institute for
Problems of Materials Science of Ukrainian National Academy of Sciences, 3 Krzhyzhanovsky St., Kiev 252142, Ukraine
Electron cyclotron resonance (ECR) plasma activated CVD in CH,-N, gas mixture has been used to grow thin CN,H, films on steel, Al-Si alloy
. The composition, optical and mechanical properties of the films deposited at various process conditions were investigated by electron micro-
probe analysis (EPMA), IR- spectroscopy and microhardness measurements. It was shown thal the DC-bias does not influence substantiaily the
films properties and such films have a high nitrogen content (N/C~0,6) and polymerlike structure. The RF-bias changed drastically all the films’
properties. RF-biased films had a small nitrogen content (N/C~2), were rather hard (4000-7000 N/mm?), all the bands on the IR spectra of the
films became very weak and some of them disappeared. This effect is explained by the ion bombadment influence, which may be effectively rea-
lised for dielectric CN,H, films only at RF-biased substrate. Variation of RF-biased CN,H, films properties is related to the destruction of its
polymerlike structure under the ion bombardment and information of highly disordered structure of the film on the base of graphite like cluster
containing the carbon and nitrogen atoms.

THE TRANSFORMATION OF Cg)Fsg BY RADIATION DESORPTION OF F ATOMS: XPS AND XAES STUDIES,

A.P. Dementjev and M.N. Petukhov, RRC Kurchatov Institute, KurchatovSq., Moscow 123 182, Russia

The study of transformation CgoF 44 after F atoms losses through a radiation desorption is very usefull for understanding chemistry of this com-
pounds. The desorption of F atoms takes place only from the top layers of clean surface, so the surface sensitiv methods can be used. The analy-
sis of top layers of C¢oF4g (powder, films) by XPS and XAES methods was made. It was found that e-, UV, X-ray radiation stimulate the desorp-
tion of fluorine atoms from the top layers of clean surface. On basis of analysis of the Cls photoelectron and CKVV Auger spectra conclusion is
made, that the most part of CgoF 45 molecules have lost fluorine atoms and passed into a new chemical state [D] having thickness of a few mono-
layers. The CKVV Auger spectra of [D] state coincides with spectra for Diamond and Polyethylene. This results allow suppose a polymerization
with Cgg as a monomer. The sp? and sp? hybridization of carbon atoms can be separated by CKVV spectra with high reliability. The mechanism
of formation of the sp3 bonds through a recombination of C60 radicals created from CgyF4g by fluorine losses is discussed.
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RAMAN STUDIES ON SINGLE WALLED CARBON NANOTUBES PRODUCED BY THE ELECTRIC ARC TECHNIQUE,
M. Lamy de la Chapelle, S. Lefrant, IMN-Univ. Nantes, BP 32229, 44322 Nantes cedex 3, France; C. Journet, W. Maser,
P. Bernier, GDPC-Univ. Montpellier II, 34095 Montpellier cedex 5, France and A. Loiseau, Lab. Phys. Solide, ONERA; BP 72,

92322 Chatillon cedex, France .

Carbon single walled nanotubes (SWNTs) have been produced in high yields using the electric arc technique. TEM studies show that the SWNTs
have a narrow diameter distribution around an average value of 1.3 nm.

In this paper we focus on the characterization of these samples by high resolution RAMAN spectroscopy (HRRS). The presence of large amounts
of SWNTs in the samples induces a very rich structure in the spectra which is typical for this class of carbonaceous material. Armchair tubes with
(8,8) to (12,12) geometry can be detected, being in agreement with the narrow diameter distribution observed by TEM measurements. The abili-
ty of HRRS as a highly sensitive fingerprint technique in identifying SWNTs with different diameters and geometries will be discussed.

CONNECTION OF IR-REFLECTION WITH ELECTRICAL PROPERTIES CARBON NANOTUBE FILMS, V.A. Vdovencov,
Z.Ya. Kosakovskaya, V.G. Mokerov, Institute Radio Engineering & Electronics RAS, Mokhovaya str. 11, Moskow 103907,

Russia

IR-reflection spectra of carbon submicron films , contained nanotubes, have harrow bands with quantum energies corresponding to optical tran-
sitions of the electrons between discrete energy levels. These levels are well discribed by the formula that is characteristic for harmonic quantum
oscillator: 0.25 (n+1/2) eV, n=0,1,2... The energy of elementary oscillating quantum (mode) is equal to 0.25 €V, and the observed reflection bands
have energies 0.125 eV, 0.25 €V, 0.375 V. Reflection band, which is supposed to be the phonon, duplicate of the band with energy 0.125 eV, has
energy of 40 meV smaller. The temperature dependence of JV characteristics in the range above 300K for investigated nanotube films have the
regions described by various activation energies 0.125 eV, 0.25 eV, 0.375 eV. At low temperatures activation energy is near to 40 meV, which we
explain by cherge carriers generations by LO phonons. The temperature dependence of Zeebek effect up to 450°C indicates that the films are
slightly degenerated semiconductors and have electron-type conductivity. The experimental date are well agreed and lead to the conclusion that
temperature dependence of nanotube film electrical characteristics are determined by thermal generation of the electrons from energy levels that
are responsible for optic reflection bands.

MAGNETIC PROPERTIES OF CARBONITRIDE FILMS ELABORATED BY PLASMA ENHANCED CHEMICAL VAPOR
DEPOSITION, M. Trinquecoste, E. Daguerre, L. Couzin, J. Amiell, A. Derré, P. Delhaés, Centre de Recherche Paul Pascal,

Avenue A. Schweitzer, 33600 Pessac, France

Several amorphous carbonitride films have been elaborated by Plasma Enhanced Chemical Vapor Deposition. A Radio Frequency discharge has
been used under standard conditions with different nitrogenated compounds. It is shown that the influence of molecular precursor is important
concerning in particular the magnetic properties: the films issued from pyrrole and cyanuric chloride are exhibiting a large number of spins.
However at the opposite of previous works, no cooperative magnetic effects have been found at very low temperature. Finally, it is demonstrated
that a further heat-treatment at 1000°C of an ex-cyanuric chloride film appears to lead to a crystalline phase of C3N4 which is currently under
investigation.

HFCVD DIAMOND NUCLEATION ON POLYCRYSTALLINE AND MONOCRYSTALLINE (111) COPPER. EVIDENCE
FOR TRANSFORMATION OF CARBON PHASES BY ELECTRON SPECTROSCOPIES AND HRTEM, L. Constant,

C. Speisser and F. Le Normand, IPCMS - Groupe Surfaces Interfaces, 23 rue du Loess, 67037 Strasbourg Cedex 2, France
Diamond has been deposited on polycrystalline and monocrystalline (111) copper via ot filament chemical vapor (HFCVD) process. The diamond
growth is studied by Auger electron spectroscopy (AES) and X-ray photoelectron spectroscopy (XPS), directly connected to the growth chamber
and by High Resolution Transmission Microscopy (HRTEM) using an extractive replica technique for the preparation of the sample. Both, shape
analysis of the AES C KVV line and the Cls relative intensity suggest the following three-step process: first formation of one highly graphitic
layer, then very slow growth of graphitic layers, more and more distorted when going away from the copper surface and finally when a critical
size corresponding to about 5-6 layers is reached, diamond nucleation and growth. Even on the polycrystalline sample where diamond residues
are let by the polishing process, an initial complete transformation into graphite occurs. A very long induction time (more than 10 hours) is requi-
red on the monocrystalline sample, untike polycrystalline one. This is ascribed to the strong interaction of the graphite layer with the copper sur-
face and the lack of defective sites suitable for diamond nucleation on the former surface. This nucleation process is roughly in agreement with
the recrystallisation model of diamond nucleation from amorphous carbon proposed by J. Singh and M. Vellaikal, J. Appl. Phys. 73, 2831 (1993).
HRTEM examination of the deposit confirms these results with the visualisation of oriented graphitic planes. In addition however spherical agre-
gates of size < 0.1 pm were observed. They are formed with concentric bent graphitic surfaces with sometimes near the center of the sphere a
new phase of size some nanometers. The interplanar distance 0.202 nm well corresponds to diamond. An additional and quite original mechanism
of diamond nucleation is thus postulated. It occurs through a phase transition inside the agregate owing to the high internal pression of the stron-
gly bent graphitic surfaces, the occurrence of defaults and the behaviour of hydrogen radicals deeply penetrating the agregate.

CARBON NANOTUBES: THE SOLAR APPROACH, D. Laplaze, P. Bernier, W. Maser, Groupe de Dynamique des Phases
Condensées, Université de Montpellier II, 34095 Montpellier, France; G. Flamant, LM.P. - CNRS Odeillo, 66125 Font-Romeu,

France; A. Loiseau, Laboratoire de Physique des Solides, ONERA, 92322 Chatillon, France

Since 1993, we have shown that it is possible to produce fullerenes in rarefied inert gas atmosphere, by the direct vaporization of graphite in focus-
sed sunlight. Having improved the experimental set-up, we are now able to use this method to produce carbon nanotubes.

The material which is vaporized under argon atmosphere at various pressures, is generaly a mixture of graphite powder with cobalt and nickel.
Electron microscopic observations show the presence of multi wall as well as ropes of single wall nanotubes and in some cases it also appears
some carbon vesicles. The relative proportion of each species seem to be related with experimental parameters like pressure, gas flow rate, com-
position of the starting mixture.

THE STATIC WAVES OF ATOMIC DISPLACEMENTS ACCUMULATION EFFECT INSIDE A ZONE OF ELASTIC TO
PLASTIC TRANSFORMATION, A.A. Ovcharov, M.D. Starostenkov, General Phys. Dept., Altai Atate Technical University, 46

Lenin St., Barnaul 656099, Russia

The fullerene relaxation under an impulsive pressure deformation was considered in this work. The empiric pair Lenard-Jones potential was used
as the interatomic interaction potential satisfiable to the Koshi condition. As the result of research it was obtained an existence of fourth main
kinds of crystal relaxation: 1) The deformation level range 0-5% - stable phase. Homogeneous deformed crystal is stable. 2) Under the deforma-
tion level range 5-15% a horizontal waves of atomic displacements are generated in crystal. First only one wave is appeared, then with the defor-
mation growth waves number increased and their amplitudes are raised. 3) Under the deformation level range 15-17% the vertical waves of ato-
mic displacements are generated in crystal. Their number and amplitudes are substantial less than the same characteristics for horizontal waves.
Horizontal waves of atomic displacements are nonstable within this deformation interval. They joined. The process lasts to reach the equilibrium
waves number under the assigned deformation level. 4) Under the deformation level range 17.1-17.2% a new wave generation system are obser-
ved in crystal - diagonal. The diagonal waves of atomic displacements are generated in crystal. These waves are nonstable. With the deformation
growth the dislocation are generated inside these waves.
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PLASMA ENHANCED CVD OF THIN CARBON LAYERS ON COATED SUBSTRATES, H. Schalko(!), M. Hulman(®) and
H. Kuzmany(z), (Dinstitut fiir Elektrotechnik, Technische Universitit Wien, Giilhausstrasse 27/359, 1040 Wien, Austria;
Institut fiir Materialphysik, Universitit Wien, Strudlhofgasse 4, 1090 Wien, Austria

A specially designed system is used to study the parameters of plasma enhanced CVD for the growth of carbon and diamond films on substrates
coated with various types of fullerenes. The plasma is generated in a 13.56 MHz discharge chamber under varying gas concentrations of metha-
ne and H,. Discharge power an substrate temperature can be controlled completely separate. Special attention is paid to the coating of the sub-
strate. This coating is performed by molecular beam epitaxy in a separate cell. The coating process is controlled by atomic force microscopy ins-
pection of the coated surface. The deposited carbon layers are analyzed by atomic force microscopy, Raman scattering, x-ray diffraction and elec-
tron microscopy. The relative ratio between sp? and sp3 carbon was found to depend critically on the substrate temperature. With increasing tem-
perature the sp3 concentration increased. Since fullerenes are known to act as seeding for the growth of diamond layers a strong influence of
various coatings on the bonding of the deposited carbon films is expected.

VIBRATIONAL SPECTRA OF SINGLE WALL CARBON NANOTUBES, B. Burger and H. Kuzmany, Institut fiir
Materialphysik der Universitit Wien, 1090 Wien, Austria; A. Thess and R. Smalley, Institute of Physics, Rice University,
Houston, USA

Single Wall Nanotubes (SWNT) were prepared by condensation of a laser-vaporized carbon-cobalt-nickel mixture. The tubes were analyzed by
resonance Raman scattering using excitations between 452 nm and 800 nm. IR spectra were recorded from KBr pellets which were drop coated
with a dispersion of SWNTs in methanol prepared by ultrasonic agitation.

In both cases two strong lines dominate the spectra. These lines are at 1495 cm! and 186 cm! in the Raman spectra and at 483 cm! and 1384 cm-
lin the IR spectra. The Raman lines of the low energy modes show a strong upshift and increase of intensity upon lowering of the excitation ener-
gy, while the G-line shows no dispersion effect. This dispersion effect is strongly related to well known dispersion effects in conjugated polymers.
It has been interpreted as a size effect. The results of the studies are compared with spectra of multi wall nanotubes and Graphite.

SCANNING PROBE MANIPULATION OF CARBON NANOTUBES, D.L.Carroll!:2), S.Curran(®), PRedlich®), P.Ajayan(®),
and S.Roth®); (I)Department of Physics and Astronomy, 118 Kinard Laboratories, Clemson University, Clemson SC, 29634
USA; @DMax Planck Institut fir Metallforschung, Seestr. 92, Stuitgart 70174, Germany; ()Max Planck Institute for
Festkorperforschung, Heisenberg Str.1, Stuttgart 70569, Germany; (9)Department fo Materials Science, Rensselaer Polytechnic
Institute, Troy New York, USA

Selection and manipulation of individual and bundles of multiwalled carbon nanotubes as well as Boron Nitrogen doped mulitwalled carbon nano-
tubes is a technique which can be readily carried out using Scanning Tunnelling probes. This technique is sufficiently flexible to preselect regions
on a substrate and deposite the nanotubes upon it. This then allows both the electronic characterisation of carbon nanotubes and a study of the
local density of states. The forces involved in manipulating these different forms of nanotubes will be discussed.

AMORPHOUS AND QUASI-AMORPHOUS STABILIZED CARBON PHASES SYNTHESIZED BY IMPACT AND THER-

MAL ACTIVATION SYNERGISM, B.F. Dorfman, Atomic-Scale Design, Inc., USA

The stabilized hard carbon phases: diamond-like nanocomposite (DLN), quasi-amorphous carbon (QUASAM) and graphitic-like carbon (GLC)
with a similar chemical composition: C3[Sil-xOx]Hy, (x=0.44, y<=0.5), but different fine structure and density have been synthesized in the
synergetic conditions of thermal and impact activation of the beam-solid reactions.

The densities of these carbon forms are: dDLN=1.8-2.25 g/cc, dQUASAM=1.35-1.7 g/cc, dGLC=1.8-2.2 g/cc, DLN is a pure amorphous form,
while basically amorphous QUASAM reveals a one-axis anistropy becomes stronger in GLC. Having been grown, all these carbon forms are
thermally stable in an oxygen-free environment up to ~550 C. However, thick GLC (>=10 microns) is mechanically unstable even at relatively
low stress due to graphite-like cleavage, while QUASAM is mechanically and thermally stable in

whole examined thickness range (over 300 microns) up to ~700 C. The chemical bonds between carbon and silica networks are also become
stronger with the substrate temperature Ts or accelerating voltage U, or their synergetic sum [T + F(U)] increase. The properties and applica-
tions of these carbon phases are discussed.

CRITICAL PARAMETERS OF PERCOLATION IN METAL DIELECTRIC DIAMONDLIKE COMPOSITES OF ATOMIC

SCALE, B.E. Dorfman, Atomic-Scale Design, Inc., USA

The silica stabilized sp2Lsp3 carbon possesses high thermal stability, diffusion resistance, it is free from macropores, but contains from 40-60%
vol % of vacancies (~0.2-0.3 nm). It provides a unique dielectric matrix to form the metal-carbon Atomic-Scale Composites (ASC). The maxi-
mum metal concentration and the temperature stability of ASC depend on atom radius and metal-matrix interaction. Some metals may be intro-
duced in carbon matrix during its growth over 50 at% while the mechanical properties of matrix and iniform random distribution of metals are
preserved. As a result, the Metal-Dielectric Percolation is observed at first in few Me-C ASC.

The theoretical value of the percolation threshold range of metal concentration metal-carbon ASC may be prospective sensor materials due to non-
linear transport phenomena. At a higher metal concentration the metal-carbon ASC become amorphous metals which posses a very high thermal-
electric shock resistance and low temperature coefficient of electrical conductivity; they are also forming SHottky barriers to Si, GaAs, SiC, and
presumably—to diamond. It is particularly important all these phases may be formed in one self-adjustable solid media correspondingly to a
cross-sectional design.

SYNTHESIS OF VARIOUS FORMS OF CARBON NANOTUBES ON LARGE SCALE BY AC ARC DISCHARGE AT LOW
He PRESSURE, Zeng Huang, Zhu Ling, Hao Guangming, Sheng Rongsheng, Fullerene Institute, Wuhan University, Wuhan,
Hubei, 430072, China
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ATOMIC LAYER CONTROL OF DOPING DURING SiGe EPITAXY, B.Tillack, Institute for

Semiconductor Physics Frankfurt (Oder), Walter Korsing Str. 2, 15230 Frankfurt (Oder), Germany
Atomic layer doping of P and B was realized within SiGe by Low Pressure (Rapid Thermal) Chemical Vapor
Deposition, LP(RT)CVD. We control the incorporation of the dopants through surface adsorption equilibrium
of PH3 and B2HS, respectively. Doping if performed by interrupting layer growth at low temperature, without
source gases for the SiGe growth. As a result, atomic layer doping was achieved with doses below one mono-
layer at very low temperature (200°C-400°C). The temperature dependence of the incorporated dopant concen-
tration is discussed in terms of surface adsorption/desorption equilibrium.

The results indicate atomic control of doping at very low temperatures which is essential especially for decrea-
sing vertical dimensions of electronic devices.

SURFACE REACTION MECHANISM AND MORPHOLOGY CONTROL IN AIP ATOMIC
LAYER EPITAXY, M. Ishii, S. Iwai, T. Ueki, and Y. Aoyagi, RIKEN, 2-1 Hirosawa, Wako,

Saitama 351-01, Japan

Atomic layer epitaxy (ALE) of III-V semiconductors has recently been extensively studied. In III-V semicon-
ductor systems with an Al component, it is well known that the self-limiting window is narrow. In this report,
surface observations of AIP ALE films were made by atomic force microscopy (AFM) in order to understand
the surface reaction mechanism, and based on a reaction model, surface morphology control was shown to pro-
duce high quality ALE films.

Dimithylaluminum hydride (DMAH) and Phosphine (PH;) were used as the group-III and -V source gases, and
were alternatively introduced into a reactor. The growth temperature was 580-590°C, and the substrate was
(100) =+ 0.5° oriented non-doped GaP with a buffer layer grown by a conventional MOVPE. The AFM obser-
vation was carried out just after the ALE growth.

In the case of ALE with a long DMAH feeding time of 1.0 s, the grown surface is covered with small grains,
while a saturated growth rate of 1 ML/cycle is obtained. Assuming an adsorbate inhibition model, this pheno-
menon can be explained as follows; the DMAH adsorption is avoided on almost all the surface Al atoms with
the methyl adsorbate, however, the excess gas may adsorb on bare Al atoms attendant on occasional desorption
of methyl, with the result that Al clusters will be formed.

In order to reduce the undesirable methyl desorption during the DMAH introduction, ALE with the DMAH fee-
ding time of 0.5 s is carried out to improve the surface morphology. In this case, atomic steps are observed in
all self-limiting conditions with 1 ML/cycle growth rate, indicating that the surface morphology control is suc-
cessfully achieved and the ideal layer-by-layer growth is obtained.

LOW TEMPERATURE HETEROEPITAXY BY LEPECVD, C. Rosenblad, T. Meyer, E. Miiller
and H. von Kanel, Laboratorium fiir Festkorperphysik, ETH Ziirich, 8093 Ziirich, Switzerland and

A. Dommann, Neu-Technikum Buchs, 9471 Buchs, Switzerland

Low energy plasma enhanced chemical vapor deposition (LEPECVD) is a novel technique for low temperatu-
re epitaxial growth. During deposition, a low energetic DC-plasma (E;, < 10 eV) is used to dissociate the reac-
tive gases SiH, and GeH, and supply non-thermal energy to enhance the surface reactions on the growing film,
hence allowing the substrate temperature to be lowered substantially below 600°C while still keeping the grow-
th rates in the A/s range. We have applied LEPECVD to the synthesis of homoepitaxial silicon films and hete-
roepitaxial Si; ,Ge,/Si superlattices on Si(100). The films have been analyzed by means of high resolution
transmission electron microscopy, X-ray rocking curves and scanning tunneling microscopy. The crystal qua-
lity and surface roughness of the films is found to deteriorate strongly at ion energies above 10 eV. In contrast
to homoepitaxial films which can be grown defect free at sufficiently low ion energies, the Si,  Ge,/Si super-
lattices grown at temperatures below 600°C contain defects the exact nature of which is presently being stu-
died. Superlattices grown at a substrate temperature of 500°C show planar abrupt interfaces. Also first results
of n-type electrical doping using a flow of PH; diluted with H, will be presented.

SURFACE MORPHOLOGY AND ELECTRICAL PROPERTIES OF Sij 4xCx ON Si GROWN
BY LOW PRESSURE CHEMICAL VAPOR DEPOSITION, L. He, Northern Illinois University,
Department of Electrical Engineering, 60115 DeKalb, IL, USA, Z.Q. Shi, Hughes STX Corp.,
Greenbelt, MD, USA, P. Han, and Y. D. Zheng, Nanjing University, Department of Physics,
Nanjing, China

Epitaxial Si, ,Ge, on Si has been investigated with considerable attention due to its narrower bandgap, and lar-
ger optical absorption cut-off which could be suitable for fiber-optic communications. The critical thickness of
the strain layer, however, decreased rapidly with the higher Ge composition which limits the device application
of Si; ,Ge,. The Incorporation of carbon in substitution sites can lead to the relaxation of strained SijGe,
alloys due to the small covalent radius of the carbon atom. In this work, Si,.,C, was grown on various nand p-
type doped Si substrates by rapid thermal process, very low pressure chemical vapor deposition (RTP/VLP-
CVD). The growth temperatures were 650 - 700°C, and pressure was 3.5mTorr. An atomic force microsco-
pe(AFM) was used to study the surface morphology variation with the growth parameters such as substrate
temperature, mass flow ratio and growth rate. It was found that the surface roughness proportional to the grow-
th rate, and reverse proportional to mass flow ratio. Double-crystal x-ray diffraction was conducted to study the
crystal structure and to estimate the C concentration. The current-voltage characteristics was also studied.
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ULTRA THIN 3C-SiC PSEUDOMORPHIC FILMS ON Si (100) PREPARED BY ORGANOME-
TALLIC CVD WITH METHYLTRICHLOROSILANE, J. Hofmann and S. Veprek, Institute for
Chemistry of Inorganic Materials, Technical University Munich, Lichtenbergstr.4, 85747
Garching, Germany

The large lattice mismatch (~20%) and different thermal dilatation (~8%) make the pseudomorphic growth of
3C-SiC on Si to appeare impossible. Therefore very thick films (>20 um) have to be grown in order to relax
the interface defects and obtain good quality heteroepitaxial films [1]. In course of the study of the initial stages
of the growth using a UHV-compatible CVD apparatus and in situ.low energy electron diffraction (LEED) we
find the surprising fact that up to several nm thin films provide LEED patterns corresponding to a 3x2 recons-
tructed surface (as documented in literature for 3C-SiC surfaces) and appear relatively homogenous. Increasing
the thickness upon longer deposition time leads to the disappearance of the LEED pattern and pronounces sur-
face roughening. These results indicate that using novel organometallic CVD techmque [1] might open a way
towards the preparation of metastable pseudomorphic 3C-SiC films. Our current work concentrates on the
question of the possibility of island growth and latteral defects such as double position boundaries, etc, in order
to clarify the latteral coherence of these films.

[1] S. Veprek, Th. Kunstmann, D. Volm, B. Meyer, J. Vac. Sci. Technol., A 15, Jan./Feb. 97, in press.

BREAK

ENHANCEMENT OF.2D GROWTH OF MBE HETRO-STRUCTURES USING LASER ASSIS-
TED MBE TECHNIQUES, A. Dimoulas and A. Christou, University of Maryland, College Park,
Maryland 20742, USA and A. Georgakilas, Foundation of Research and Technology Hellas
(FORTH), Heraklion, Greece.

UV Laser desorption in-situ to MBE growth effectively prepares the GaAs surfaces for MBE growth and results
in two dimensional surfaces during the MBE growth of GaAs and GaAlAs. The objective for incorporating UV
laser processing during the MBE growth was to attain complete desorption of hydrocarbons from the GaAs sur-
face, and to control the growth kinetics so that two dimensional structures may result. The optical properties of
the resultant undoped and lightly silicon doped GaAs layers were examined by photo luminescence, while
lightly doped GaAs layers were investigated in order to understand their transport properties. The Laser assis-
ted grown undoped GaAs layer resulted in a narrow excitonic transition. Heterostructures of GaAlAs/GaAs
were also grown using laser assisted techniques for high mobility transistors. The improved 2D transport pro-
perties are correlated with TEM results. We report on the performance of structures of delta doped superlattices
which were grown by laser assisted techniques. The advantage of such a structure is the elimination of long
term transients which are present due to trapping of electrons by ionized donors in the AlGaAs.

STM-STUDY ON SILICON (100) GROWN BY MAGNETRON SPUTTER EPITAXY, B. Vigeli
and H. Von Kinel, Laboratorium fiir Festkérperphysik, ETH Honggerberg, 8093 Ziirich,

Switzerland

Magnetron sputter epitaxy (MSE) is a novel technique for epitaxial growth of group IV heterostructures.
Recently, magnetotransport measurements at cryogenic temperatures proved the presence of a two dimensio-
nal electron gas in modulation doped strained Si channels and thus the high quality of MSE grown films [1].
However, no direct information on the growth process itself has so far been available. We have now started to
investigate the influence of the sputter parameters on the growth process for homoepitaxy of Si on Si (100) by
means of a scanning tunneling microscope situated in a separate UHV chamber attached to the sputter system.
In comparison to other growth techniques, MSE has a tunable average particle energy from full thermalisation
up to 5 eV as an additional growth parameter. First experiments have shown, that at typical growth rates of 2
A/sec, and with fully thermalised particles, the step structure obtained with MSE is very similar to the one
known in MBE at comparable substrate temperatures. Thus, we report on the transition from 2 dimensional
nucleation at 350°C to the step flow regime at high temperatures (above 600°C). Furthermore, growth at iden-
tical substrate temperature but different average partical energies was performed. The step structure does not
seem to be influenced greatly as the average energy is increased. The impact energetic atoms does, however,
lead to an increased surface roughness on an atomic scale.

[1] P. Sutter, D. Groten, E. Miiller, M. Lenz and H. von Kénel, Appl. Phys. Lett. 67, 3954 (1995).

EPITAXIAL THIN FILMS OF HgCdTe ON SILICON SURFACES, G. Wisz, E. Szeregij,
M. Kuzma, Instytute of Physics Higher Pedagogical School, 35-310 Rzeszow, Rejtana 16a, Poland,
R. Ciach, J. Morgiel, Institute of Metallurgy, Polish Academy of Sciences, Cracow, Poland,
T.Ya. Gorbach, S.V.Svechnikov, Institute of Semiconduktor Physics, National Ukrainian Academy
of Sciences, Prospekt Nauki 45, Kiev-28, 252650 Ukraine

Anisotropically etched microrelief (AEMR) surfaces of Si have very good properties for epitaxial growth of
semiconduktor films. Ultrathin films (thickness 100 nm and less) of Hg,Cd,_, were deposited on AEMR Si sub-
strates by the laser ablation method. Transmision and scanning electron microscopy with a high magnification
(106) were used for investigations of the composition and the morphology of the films. HgCdTe films have been
prepared under various deposition conditions e.g. different substrate-target distances, crystallographic orienta-
tions of the surface for various parameters of the anisotropic chemical eaching, different laser parameters. From
these measurements the dynamics of the growth was determined. Films reproduce exactly the texture of the sur-
face. The film growth process is the result of a layer by layer mechanism with step migration, without nuclea-
tion. Periodic substructures were obtained under some special deposition conditions. The method applied in this
work gives the possibility to produce heterostructures. The quality of some heterostrostructures were investi-
gated using electron transmission microscopy technique.
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THE USE OF ULTRASOUND RADIATION FOR THE PREPARATION OF AMORPHOUS
MATERIALS HAVING NANOMETER SIZE PARTICLES, A.Gedanken, Department of

Chemistry, Bar-Ilan University, Ramat-Gan 52900, Israel

The implosive collapse of a bubble created in the liquid is the main event that happens when ultrasound radia-
tion passes through a liquid. This collapse, which occurs in less than a nanosecond, causes very high tempera-
tures (5000K-25000) to develop in the liquid. The outcome of this collapse is very high cooling rates
(>1012K/sec) that prevent the crystallization of the sonochemical reaction products. The number of molecules
that participate in this event is limited and therefore the products of the sonochemical reaction are not only
amorphous, but they are also of nanometer size. Using these ideas, which were first described by Suslick [1],
we have prepared amorphous metals (Fe, Ni, Co and Pd), amorphous alloys (Fe/Ni, Ni/Co), amorphous metal
oxides (NiFe,0,4, CoFe,0,), amorphous metal nitrides (Fe;N and FeyN) and metal-polymer composite mate-
rials (Fe-polymethyl acrylate). In all the cases the products were obtained as powders having nanometer size
particles. The amorphous nature of these products was detected by X-ray diffraction, electron diffraction pat-
terns, as well as by DSC (differential scanning calorimetry) studies. We have demonstrated [2] that the particle
size of these products can be controlled.

These products serve as catalysts in various chemical reactions and they are also used as substrates for self-
assembled monolayer coatings by chromophores such as thiols, alkyltrichlorosilane and others. The magnetic
properties of these coated particles are studied for «tailoring» magnetic properties. Our ability to create colloi-
dal solutions using these nanoparticles make them of importance as magnetic fluids.

[1] K.S. Suslick, S.B. Choe, A.A. Cichowlas, M.W. Grinstaff, Nature, 353, 414 (1991).

[2] X. Cao, Yu. Koltypin, R. Prozorov, A. Gedanken, J. Mater. Res. 10, 2952 (1995).

TWO-DIMENSIONAL LOCATION CONFINMENT OF CRYSTAL Si GRAIN FOLLOWED BY
EXCIMER-LASER MELTING OF Si THIN FILMS, R. Ishihara, P.C. van der Wilt, DIMES,
Laboratory of ECTM, TU-Delft, Feldmannweg 17, P.O. Box 5053, 26000 GB Delft, The

Netherlands

A single Si grain with a diameter of 1 pm has been successfully formed at edge of well by excimer-laser crys-
talliztion method. CVD a-Si (70 nm) / SiO, (1pm) / c-Si substrate structure in which some parts have thin (500
nm) Si0, film with areas of (4um)?2 and (2.5pm)? squares was prepared. XeF excimer-laser light was irradia-
ted with an energy density of 370 mJ/cm2. From the cross sectional TEM image, it can been seen that the grain
near the corner of the hole has a size of about 1pm, much larger than in the hole and also away of the hole
(50nm for both). The hillock lying at the centre side of the grain’s edge is correspond to disk-like features in
centre of the (2.5um)? hole observed in surface image by optical microscope. It can be seen also that the crys-
talinity at the wall of the hole is degraged. This result was caused from the insufficient laser-light illumination
due to effectively thick Si film at the area. From these results, it can be concluded that the grain growth near
the comer of the hole was enhanced by lateral heat flux from the inside of the hole to wall the area.

LUNCH
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' COMPUTER SIMULATION OF ADATOM DYNAMICS ON SiC(001) SINGLE STEPPED

SURFACES, Q. Bhatti and C.C. Matthai, Dept of Physics and Astronomy, University of Wales,

Cardiff, CF2 3YB, UK

Silicon carbide has attracted much interest in recent years because it is a wide gap material displaying a high
breakdown field and high electron saturation drift velocity. This coupled with recent advances in growth tech-
niques of SiC has made it a strong candidate material for high-temperature, high power devices. In order to
grow high quality single crystal wafers of SiC, one needs to have a good understanding of the dynamics of
deposited atoms on the crystal surface. In many experimental studies of layer by layer growth, it has been
observed that the step edges play an important role in the growth evolution. Molecular dynamics is a technique
that can give detailed information about adsorption and diffusive motions. Although there have been many stu-
dies of the adsorption and dynarnics on flat surfaces, stepped surfaces have only recently become the subject
of research. We have performed molecular dynamics simulations of the adsorption and migration of Si and C
adatoms on the single stepped SiC (001) surfaces. Three different step configurations were considered, and for
each, the diffusion paths as well as the activation energies for diffusion were determined. The main finding of
the work is that the presence of A-steps would be most conducive to Stanski-Krastanov growth.

SIMULATION OF ATOMIC SCALE SURFACE MIGRATION IN HOMOEPITAXIAL GROW-
TH USING NEW EAM POTENTIALS FOR FCC METALS, J.-I. Takano, Y. Kogure and
M. Doyama, Teikyo University of Science & Technology, Department of Materials, Uenohara,
Yamanashi 409-01, Japan; O. Takai, Nagoya University, Department of Materials Processing,
Furocho, Chikusa, Nagoya 464-01, Japan

The binding energies of gold, silver and copper adatoms and their clusters to each (111) surface have been cal-
culated by use of a newly determined N-body embedded atom potential. The binding energy Ey of an N-ada-
tom cluster can be roughly written as Ey=3NE;+mE,, where 3E, is the binding energy of a single adatom to
the (111) surface and m is the number of bonds within the cluster and E, is the binding energy of the bond
within the cluster. )

We have simulated the motion of a ledge atom, the growth of a kink, the stepdown motion of an atom on each
(111) surface by use of an N-body embedded atom potential and the Molecular Dynamics method.

The results of Thin film growth process using the Monte Carlo simulation have been compared with those using
the Molecular Dynamics method.

CLUSTER-SHEARING AS A NOVEL DIFFUSION MECHANISM OF CLUSTERS ON FCC
METAL (111) SURFACES, V. Chirita, E.PMiinger, J.-E. Sundgren, Thin Film Physics Division,
Linkoping University, Linkdping, 581 83, Sweden and J.E. Greene, Coordinated Science

Laboratory, University of Illinois, 1101 Springfield Ave., Urbana, Illinois 61801, USA

We use moiecular dynamics and the embedded-atom-method to follow the dynamics of small Pt clusters on P(l
11). Our simulations reveal a novel diffusion mechanism, which we term double-shearing, involving the suc-
cessive shearing motion of different portions of the clusters, leading to diffusion over several lattice constants
within picoseconds. Using simple bond-counting and energetic arguments, we establish that for clusters with
up to tens of atoms, the activation energy for double-shearing has values between ~ 0.9 and 1.5 eV. For clus-
ters with only a few atoms, this mechanism competes with that of diffusion via concerted motion of all cluster
atoms, and so contributes significantly to the enhanced cluster mobilities observed during film growth.
However, as clusters increase in size, double-shearing compares with other known diffusion mechanisms.
Double-shearing is shown to be the preferred diffusion mechanism for clusters of elongated and circular shapes,
as well as for dentritic/fractal islands of medium size.

MONTE CARLO SIMULATION OF MISMATCH RELAXATION AND ISLAND COA-
LESCENCE DURING HETEROEPITAXIAL GROWTH, M.Djafari Rouhani, R. Malek and
D. Estéve, Laboratoire d’Analyse et d’Architechture des Systémes, CNRS, 7 av. Colonel Roche,

31077 Toulouse, France.

We have studied the growth of lattice mismatched semiconductors through the association of the Monte Carlo
technique and the Valence Force Field (VFF) approximation. The Monte Carlo technique monitors the atomic
motion in the deposited layer using the Arrhenius law and taking into account the impingment of atoms from
the gas phase, intralayer and interlayer migrations of atoms and evaporation from the surface. The VFF
approximation is used as an energy model to determine the local strain and stress inside the deposited layer by
minimizing the total energy. This is performed after each single atomic motion. The strain is assumed to enhan-
ce the atomic motion by lowering the activation energy barrier related to the particular event.

Results concerning the case of large lattice mismatches are presented. We have observed the formation of 3D
islands showing (111) facets, very soon during the growth. The relaxation of the deposited layer has been inves-
tigated and we have shown that complete relaxation may occur inside the islands in a few atomic layers. Further
growth leads, under some experimental conditions, to the coalescence of the islands where we have identified
favorable sites for the formation of misfit dislocations. We have also shown that vacancies can be formed in the
bulk of the deposited layer to relax the local strain.
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A KINETIC MONTE CARLO STUDY OF THE MORPHOLOGY OF SI THIN FILMS DEPO-
SITED ON Si(100) AT VARYING ANGLES OF INCIDENCE, S.W. Levine, J.R. Engstrom and
P. Clancy, School of Chemical Engineering, Cornell University, 120 Olin Hall, Ithaca NY 14853,
USA

Two- and three- dimensional Kinetic Monte Carlo simulations are used to model the deposition of a hyper-
thermal molecular beam at varying angles of incidence. The simulations incorporate incident atom - substrate
interactions, many layer growth and, for the three-dimension model, mimic deposition and growth of Si on a
Si(100) substrate. At high angles of incidence, the formation of porous columnar structures seen in the 2-D
simulations transform into «flakes» in the three-dimensional model. While the growth angles of the columns
and flakes follow the same general trends as previous ballistic deposition simulations with respect to the for-
mation of porous films, current theories do not quantitatively reflect the simulation results. Increasing the sub-
strate temperature increases the widths of the columns and flakes in the direction perpendicular to the path of
the beam. Higher substrate temperatures also allow the grown film to remain defect-free for a longer times
before columnar structure begins. The effect of sample rotation during deposition of the growth morphology
will be shown to produce variations on the columnar structure.

COMPARATIVE STUDY OF (001) SURFACE RELAXATIONS OF SOME TITANATES,
S. Dorfiman, Dept. of Physics, Technion, 32000 Haifa, Israel; D. Fuks, Mat. Eng. Dept, Ben-Gurion
Univ. of the Negev, P.O.B. 653, 84105 Beer Sheva, Israel and E. Kotomin, Inst. of Solid State
Phys., Univ. of Latvia, 1063 Riga, Latvia and Inst. of Phys. and Astr., Aarhus Univ., 8000 Aarhus-

C, Denmark

(001) surface relaxations of the cubic perovskite SrTiO; and BaTiO; crystals have been studied in the frame-
work of the shell model. The positions of atoms in several surface layers embedded into the electrostatic field
of the remainder of the crystal were calculated. Ti*4, Sr*2, Ba*2 and O-2 ions in six near-surface layers are dis-
placed differently from their crystalline sites. Such effects create the so-called surface rumpling, a dipole
moment and the electric field in the near-surface region. Calculated atomic displacements were compared with
the LEED experimental data and showed good agreement.

Our simulations have demonstrated that the cubic perovskite SrTiO; crystals reveal surface polarization and
accompanied by the presence of relevant electric field. This arises due to a disturbed force balance accompa-
nying the surface creation and affect 5-6 planes below the surface. In other words, the surface can serve as
important factor imposing a long-range order in paraelectric SrTiOj;. As discussed in the literature the (001) sur-
face turns out to be ferroelectric with properties different from the bulk material.

BREAK

Session III - Nanoparticles and Dots

- invited -

16:30-17:00
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LATERAL FORCES AND ATOMIC DESORPTION INDUCED BY THE ELECTRIC FIELD
CREATED BY STM TIPS ON METAL SURFACES, F. Flores, N. Mingo, Departamento de

Fisica, Facultad de Ciencias, Universidad Autonoma de Madrid, Madrid 28049, Spain

The effect of the electric field created by an external voltage applied at the Scanning Tunneling Microscope
interface is analyzed by means of a self-consistent LCAO approach. The theoretical method presented in this
talk allows us to analyze realistic tip-sample geometries without introducing spurious 2-dimensional periodici-
ties. We present results for both the lateral forces acting on different alkali atoms adsorbed on an Al(100)
sample, and the atomic desorption potential induced by the external voltage. The evaporation fields for Na and
K are calculated for different tip-sample distances, in good agreement with the experimental evidence.

SELF ORGANISED GROWTH AND ULTRAFAST ELECTRON DYNAMICS OF METALLIC
NANOPARTICLES, A. Stella and P. Tognini, Universitd di Pavia, Italy; A. Cavalleri and M.
Malvezzi, Universitd di Pavia, Italy; M. Nisoli and S. De Silvestri, Universita di Milano, Italy; P.
Cheyssac and R. Kofman, Université de Nice Sophia Antipolis, France

The electron dynamics in metallic nanoparticles (in our case Sn, Ga) subjected to fs pulses presents new and
interesting aspects as a function of size. As a matter of fact, by reducing the size from ~ 20 down to ~1 nm, we
progressively go: i) first below the light penetration depth (~ 13-14 nm) and then ii) below the electron mean
free path (~ 5 nm). This affects drastically the behavior of the electron dynamics in the nanocrystals. More pre-
cisely, we observe: with i) the disappearence of coherent acoustic oscillations generated by the fs pulses and
clearly observable at large sizes; with ii) the size dependence of the electron thermalization inside the nano-
particles. )

The above mentioned effects have been studied both in the solid and liquid state of the nanoparticles.

In order to observe and study such phenomena it is essential that the nanocrystals are grown in a wide size
range, with a regular (near spherical) shape and a relatively low size dispersion. The main aspects of such a
growth technique will be illustrated in this communication.
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ELECTRONIC STRUCTURE OF Ag NANOPARTICLES DEPOSITED ON Si(100), Z. Paszti,
G. Petd, Z.E. Horvath, A. Karacs, KFKI Research Institute for Materials Science, 1525 Budapest,
P.0.Box 49, Hungary and L. Guczi, Department of Surface Chemistry and Catalysis, Institute of
Isotopes, 1525 Budapest, P.O.Box 77, Hungary

Small particles in the 1-10 nm size range have properties significantly different from bulk materials. As these
are mostly related to the electronic structure, any information on the size dependent changes of the valence
band density of states can be very useful for both basic understanding and possible applications. In order to
investigate the size sensitivity of the valence band of noble metals, an island-like silver film was deposited onto
a Si substrate. Then the sizes of the islands were diminished by low energy ion bombardment. Since Ag does
not interact chemically with Si, silicidation can be excluded during the ion bombardment. This sputtering pro-
cess was monitored by in situ UPS and XPS measurements. The island sizes were determined by TEM before
and after the sputtering process. Islands with 100 nm dimensions show bulk electronic structure. With decrea-
sing particle size the lowest binding energy peak of the 4d band gradually decreased, showing that this is the
most size sensitive part of the valence band of the silver. The lack of the Fermi edge and a single 4d peak is
characteristic of the valence band for silver islands with lateral sizes of 4-6 nm and height of 2-3 nm.

ELECTRON DYNAMICS IN SILVER NANOPARTICLES, V. Halté, J.-C. Merle, A. Daunois,
M. Albrecht, G. Versini, J.-Y. Bigot, IPCMS, 23, Rue du Loess, 67037 Strasbourg Cedex, France
We have studied the electron relaxation dynamics in the vicinity of the Mie plasmon resonance of silver nano-
particles embedded in a glass matrix. The measurements have been performed at room and liquid helium tem-
peratures using the second harmonic of a tunable amplified Titanium Sapphire laser source delivering 100 fs
ulses.

l"}he time-resolved differential transmission has been investigated as a function of pump power and excitation
wavelength. The results show that the electron-lattice thermalization time T increases with increasing pump
power in agreement with the electron relaxation observed in thin films of noble metals. When the laser wave-
length is tuned to the plasmon resonance this thermalization is slower as compared to an off-resonance excita-
tion. This behavior is specific to the resonance of the nanoparticle. A detailed study of the signal characteris-
tics at 0 and 10 ps delays also displays a non-trivial behavior at the resonance. This suggests a description of
the plasmon dynamics that goes beyond the RPA model.

STRUCTURES AND PROPERTIES OF NANO-PARTICLES SYNTHESIZED BY HYDROGEN
ARC PLASMA METHOD, Z.L. Cui and Z.K. Zhang, Research Center of Nanostructured

" Materials, Qingdao Institute of Chemical Technology, 266042 Qingdao, China

Nanometer size metal particles were synthesized by a hydrogen arc plastna method which possesses the advan-
tages of higher productivity, lower electric consumption and continue working. The microstructures and pro-
perties of the nano-particles were studied by TEM, HRTEM, XRD and MS experiments.

The results of the research show that

(I)the shape of the nano-particles are of polyhedron and average particle size is about 50 nm .

(2)the metal nano-particles possess special different oxidation behavior from conventional coarse particles.
(3)the nano-particles possess hydrogen storage function.

(4)the nano-composite particles can be synthesized by this method and possess specnal shell structure .

SEMIMAGNETIC SEMICONDUCTOR CdMnTe THIN FILMS AND NANOSTRUCTURES
GROWN BY LASER ABLATION, A. Perrone, A. Luches, Dept. of Physics, University of Lecce,
73100 Lecce, Italy, A. 1. Saychuk, I. D. Stolyarchuk, V. I. Fediv, Dept. of Phys. Electronics,
University of Chernivtsi, 274012 Chernivtsi, Ukraine and P. I. Nikitin, General Physics Institute,
117942 Moscow, Russia

The Cd;_Mn,Te thin films were grown from polycrystalline or single crystal targets with compositions x=0.25;
0.43 by using an XeCl excimer laser (A=308 nm). For the first time method of laser ablation was used also for
fabrication of zero-dimensional structures on the base of semimagnetic semiconductor CdMnTe. Nanocrystals
of Cd;_ Mn, Te (x=0.25) embedded in glass matrix were grown by ablation of semiconductor and SiO, targets.
X-ray diffraction, optical and magnetooptical studies have been carried out on the obtained thin films and nano-
structures. The observed peculiarities of the magnetooptical effects (Faraday rotation and spin splitting) can be
attributed to the exchange interaction of the band electrons with the magnetic ions as well as to confinement
effect of the exciton states in nanometer-size systems.

This work is supported by Nato Lincage Grant (N0.950429).
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SEMICONDUCTOR QUANTUM DOTS, M. Grundmann, N.N. Ledentsov, F. Heinrichsdorff,
A. Krost, D. Bimberg, Technische Universitit Berlin, Hardenbergstr. 36, 10623 Berlin, Germany,
V.M. Ustinov, P.S. Kopev, Zh.I. Alferov, A.F.Ioffe Institute, St.Petersburg, Russia, A.O.Kosogov,
U.Gosele, MPI fiir Mikrostrukturphysik, Halle/Saale, Germany

Semiconductor quantum dot (QD) layers can be fabricated using self-organization phenomena during Stranski-
Krastanov growth. The island formation is driven by the lattice mismatch and relaxation of elastic energy.
Ensembles with homogeneous QD size and shape can only be explained by taking into account surface and
edge energies.

High area density (~1011 cm-2) arrays and multiple vertical stacks of small dots with high quantum efficiency
can be fabricated using MBE and MOCVD. While details of the growth mechanism and QD ordering are dif-
ferent, InGaAs/GaAs/AlGaAs lasers with low threshold current density and high T due to the delta-like zero-
dimensional electronic density of states have been fabricated using both preparation methods.

THERMAL STABILITY OF STRAINED InGaAs/GaAs QUANTUM DOT SUPERLATTICE,
Dong Pan, Y.P. Zeng, M.Y. Kong, Material Center, Institute of Semiconductor, Chinese Academy
of Science, P.O. Box 912, Beijing 100083, P.R. China

The thermal stability of a dislocation-free InGaAs/GaAs quantum dot (QD) superlattice grown by MBE has
been investigated by cross view transmission electron microscopy (TEM), low temperature photoluminescen-
ce (PL) and x-ray double crystal diffraction. After subjected to rapid thermal annealing (800°C,15s), the strain
in the quantum dots is found to decrease. The PL spectrum of the annealed sample shows a energy blueshift of
10 meV and the increase of luminescence intensity from quantum dot and GaAs matrix. The interface quality
becomes poor due to indium atoms diffusion out from QDs. X-ray diffraction shows that the number of satel-
lite peaks is reduced with the decreased intensity.

MBE-GROWTH OF QUANTUM-SIZE Si-DOTS ON SiC(0001)MONITORED BY RHEED,
A, Fissel, K. Pfennighaus and W. Richter, FSU Jena, Inst. fiir Festkorperphysik, M.-Wien-Platz 1,

07743 Jena, Germany

We have investigated the self-assembly of Si quantum-size (10 to 15nm) dots on SiC(0001) by RHEED at sub-
strate temperatures between 700 and 1150K. Due to the large misfit (20%) Si grows in Stranski-Krastanov
mode on SiC. The deposition of up to two monolayers results in two-dimensional growth. During further depo-
sition two different growth mechanisms were observed below and above 900K, resp. Below 900 K the occu-
rence of RHEED intensity oscillations of the specular beam indicates a 2-dimensional growth mode. However,
during growth interruption the specular beam intensity decreases and simultanously 3-dimensional Si-bulk dif-
fraction pattern occurs indicating an increasing surface roughness due to the formation of Si clusters. The inten-
sities of both the specular beam and the (222)-Si-bulk spot change continuously to a constant value. AFM
investigations show that the constant intensity corresponds to an equitibrium cluster structure. The time to reach
this value is strongly dependent on temperature. Above 900 K 3D-nucleation takes place within a submono-
layer range and the constant values are rapidly reached. From that we have analysed the dynamic processes
toward the cluster formation which are important because kinetic limitation may result in different final mor-
phologies. At higher temperatures the surface diffusion is the dominant process with a low activation energy of
~ 0.6 eV. At lower temperatures the situation is more complex because it involves the dissolution of 2- dimen-
sional structures resulting in a higher activation energy of ~ 2eV.

OPTICAL GAIN OF CDS QUANTUM DOTS EMBEDDED IN 3D PHOTONIC CRYSTAL,
Yu.A. Vlasov(l’z), K. Luterova(1’3), I Pelant(1’3), B. Honerlage(l), V.N. Astratov(2),
AA. Kaplyanskii(z), V.N. Bogomolov(z),(l)IPCMS-GONLO, 23 rue du Loess, 67037 Strasbourg
Cedex, France, (DA Floffe PTI, St.-Petersburg, Russia, Institute of Physics, AVCR, Prague,

Czech Republic

Photonic crystals (PC), i.e. three-dimensional periodic dielectric structures with periodicity matching the opti-
cal wavelength, can possess photonic band gaps (PBG), namely, the frequency stop-bands in which the densi-
ty of photonic states tends to zero. Redistribution of the photonic modes in the vicinity of PBG can result in a

. total suppression or enormous enhancement of the spontaneous emission rate of the active media, placed within

the PC.

PC used in this study was synthetic opal, composed of submicron silica spheres, close-packed in a 3D FCC
structure with a period of 200nm, which exhibit a photonic stop-band centred at 600 nm. CdS quantum dots
(QD) were embedded in interstitials between the silica spheres by vapor phase synthesis. Optical gain was mea-
sured by the variable-stripe-length method using UV excitation of a XeCl excimer laser.

The optical gain of an active material inside the 3D PC was observed for the first time. Unlike typical gain spec-
tra of CdS QD in glass matrices, displaying the maximum gain at the energies of the first quantum-confined
transitions, the QD embedded in PC exhibit the maximum gain at the high-frequency edge of the photonic stop-
band (2.1 eV) far below the absorption edge of the semiconductor. Observed effects can be ascribed to decrea-
se of photonic group velocity at the edges of the stop-band and to a corresponding increase of the optical path-
length resulting in an enhancement of the effective optical gain.
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NANOCLUSTER COMPOSITE THIN FILMS FOR INTEGRATED NON-LINEAR OPTICAL

APPLICATIONS, R. Serna, J.M. Ballesteros, J. Solis, and C.N. Afonso, Instituto de Optica,
C.S.IC., 28006 Madrid, Spain, A.K. Petford-Long, Department of Materials, Univ. of Oxford
Oxford OXI1 3PH, UK, R.F.Haglund Jr.and D.H. Osborne, Department of Physics and Astronomy,
Vanderbilt University, Nashville, TN 37325, USA

Non-linear optical materials made of metal nanoclusters embedded in dielectric matrixes exhibit very large
third order susceptibilities. However, the fabrication of such materials in waveguide configuration for their use
in integrated optoelectronic devices is still a major challenge. We report a new procedure which produces
metallic nanoclusters of controlled size embedded in a dielectric thin film in a single step process: pulsed laser
deposition. The films consist of Cu nanocrystals embedded in an Al,05 matrix and show excellent non-linear
optical properties.

The films are deposited in vacuum,on glass and carbon-coated mica substrates. Ablation is performed by means
of deposited an ArF excimer laser (193 nm, 2-3 J/cm?). The AL, O; is ablated first, leading to the deposition of
a continuous layer. Then Cu is ablated during a much shorter time and nanoparticles are formed and deposited
on top of the Al,Oj layer. This procedure of alternate deposition is repeated up to five times. The structural pro-
perties of the films are analyzed by high resolution transmission electron microscopy. The resulting Cu nano-
crystals are 2-5 nm in diameter distributed randomly in the matrix.The nanocrystals size can be varied by chan-
ging the number of pulses applied to the Cu target. The third order non-linear susceptibility is characterized by
the z-scan technique. The linear absorption has been also measured.

BREAK
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MICROSCOPIC INVESTIGATION OF DIFFUSION, A. Ourmazd, Institute for Semiconductor

Physics Frankfurt (Oder), W. Korsing Str. 2, 15230 Frankfurt (Oder), Germany

Within a decade, silicon devices will be less than fifty atomic planes deep. To make the manufacture of such
devices economically viable, billions must be fabricated simultaneously with high yield. This implies unprece-
dent microscopic control of important solid-state processes in the immediate proximity of the surface. I will
descrie how quantitative electron microscopic techniques can shed light on near-surface, non-steady-state dif-
fusion processes.

NANOSTRUCTURE OF ZnO THIN FILMS PREPARED BY REACITIVE RF MAGNETRON
SPUTTERING, O. Takai(l), M. Futsuhara(Z), G. Shimizu(l), C.P. Lungu(l), J. Nozue(z),
(DDepartment of Materials Processing Engineering, Nagoya University, Furo-cho, Chikusa-ku,
Nagoya 464-01, Japan, DPaint Design Institute, Nippon Paint Co. Ltd., 1-15, 4 Chome,
Minamishinagawa, Shinagawa-ku, Tokyo 140, Japan

We have prepared ZnO thin films by reactive rf magnetron sputtering and studied their nano-structures using
some analytical techniques such as, X-ray diffractometry (XRD), transmission electron microscopy (TEM) and
atomic force microscopy (AFM).

The ZnO thin films were deposited onto sapphire and quartz glass substrates in' Ar-O, mixtures. In this study
we mainly studied effect of the substrate temperature, which varied from room temperature to 873K, on struc-
tural properties of the films. The total flow rate was maintained at 10 sccm and O, flow, rate was fixed at 5.0
scem. The gas pressure was constant at 1.0 Pa. The distance between the substrate and the target was 70 mm,
and rf power was kept at 75 W. .

The ZnO film prepared both on quartz glass and on sapphire substrates showed c-axis preferred orientation
which meant that c-plane was parallel to the substrate. The preferred growth became remarkable with increa-
sing the substrate temperature. TEM and AFM observation revealed that nano-structure and surface morpholo-
gy of the ZnO films deposited on sapphire substrates much differed from the films deposited on quartz glass
substrates. The epitaxial growth of ZnO films in reactive rf magnetron sputtering was observed.

ATOMIC SCALE CHARACTERIZATION OF SEMICONDUCTORS BY IN-SITU REAL TIME
SPECTROSCOPIC ELLIPSOMETRY, P._ Boher and J. L. Stehle, SOPRA S.A., 26 rue Pierre

Joigneaux, 92270 Bois-Colombes, France

Spectroscopic ellipsometry has long been recognized as a powerful non destructive technique to characterize
thin films and multilayers at nanometric scale. In the proposed paper, we want to present a new kind of Real
Time Spectroscopic Ellipsometer (RTSE), especially designed for process control. The RTSE is a rotating pola-
rizer instrument coupled with a prism spectrograph. The dispersed light is focused on a low amplified intensi-
fier and detected with a multichannel silicon photodiode array. After amplification the signals are transmitted
to a PC through a Digital Signal Processor (DSP) card. The DSP interface allows ten measurements per second
on 512 pixels with very good signal to noise ratio. The spectral range extend from 1.5 to 5 eV with a resolu-
tion better than 300. During a measurement the processor of the PC is in fact only used for the transfer of the
precalculated data (tan ¥ and cos A or pseudo optical constants ). In this way, data analysis can take place on
the previous measurement during the current acquisition allowing real process control. The proposed paper will
present in details the RTSE instrument and some results obtained on the growth of semiconductors
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INVESTIGATION OF THIN AL LAYER GROWTH WITH IN SITU INFRARED SPECTRO-
SCOPIC ELLIPSOMETRY, A. Hausmann, G. Weidner, M. Weidner, G. Ritter, Institute for
Semiconductor Physics, Walther-Korsing-Str. 2, 15230 Frankfurt (Oder), Germany

We have investigated the metalorganic CVD with DMAH (Dimethylaluminiumhydride) of Al layers on sput-
tered TiN, CVD TiCN, and SiO,. We have used the high sensitivity of a phase modulated infrared spectrosco-
pic ellipsometer (IREL) to observe the early stages of Al growth. The spectral range of the IREL is from 930
cm-! to 4500 cm-l, the resolution is 8 cm-! and a typical measuring period takes 30s.

The time sequences of the IREL delta values at a suitable wavenumber (e.g. 2600 cm-!) show characteristic fea-
tures during deposition which correspond to the surface structure at different growth stages (incubation, nuclea-
tion, island growth, coalescence, and growing roughness).

The IREL data helped us to find a strong effect of growth temperature (150°C to 250°C) on the nucleation beha-
viour of Al growth, while DMAH partial pressure (1 pbar to 10 pbar) influences also the layer thickness at coa-
lescence.

Al growth is very sensitive to substrate conditions. The Al layer quality can be improved by using CVD TiCN
layer from TDMAT (Tetrakisdimethylaminotitanium) as substrates. A TDMAT gas treatment of SiO,, substrates
allows the growth of Al on such substrates without any interlayer between Al and SiO,.

We have demonstrated the applicability of IREL measurements for the investigation of early stages of thin Al
layer growth.

SURFACE WAVES AS A TOOL FOR THE STUDY OF PHASE TRANSITION OF NANOPAR-
TICLES, P._Cheyssac, Y. El Fidali, R. Kofman, Laboratoire de Physique de la Mati¢re Condensée
(UMR 6622), Université de Nice-Sophia Antipolis. 06108 Nice Cedex 2, France, and A. Stella,

Universita di Pavia, Italy

Electromagnetic surface waves propagates along the interface between a thin metallic film and a dielectric
medium and then are highly sensitive to changes in the properties of the involved media.

In this communication, we will give a brief outline of the principles of the optical technique based upon
Attenuated Total Reflexion. A distribution of tin nanoparticles, sizes ranging down to 1 nm, is embedded in a
dielectric medium deposited onto the metallic film which guides the surface waves.

We present some results which show that melting and freezing of such small particles can be studied with ATR.
The influence of the distance between the particles and the interface will be discussed.

HIGH PRECISION DEPTH PROFILING OF ARGON AND NITROGEN ION ETCHING-INDU-
CED DAMAGE IN AN AlGaAs/GaAs MULTIPLE QUANTUM WELL STRUCTURE, K. Otte,
F. Frost, A. Schindler, F. Bigl, Institute for Surface Modification, Permoserstr. 15, 04313 Leipzig,
Germany and G. Lippold, V. Gottschalch, R. Flagmeyer, University of Leipzig, Linnestr. 3, 04103
Leipzig, Germany

In this study we have utilized confocal photoluminescence (PL) spectroscopy on an Al 35Gay ¢sAs/GaAs mul-
tiple quantum well (MQW) structure to compare the damage induced by the standard dry etching technique
with argon and the «less damaging» etching with nitrogen. A high depth resolution of almost 2nm has been
achieved with this method using a MQW structure with monolayer thickness, a high stretching of the material
depth along the surface of the beveled section etched with 500 eV nitrogen and argon ions and the confocal PL
measurement.

It has been shown that the nitrogen etching process causes significantly less deterioration on QW PL yield and
thus a lower defect concentration compared to the argon etching process. A model including diffusion effects
has been used for the 'glterpretation of the experimental results and yields a value for the defect diffusion coef-
ficient of ~4x10-15cm</s and ~16x10-15cm?/s for nitrogen and argon etched samples, respectively. The results
show a strong correlation with RBS/Channeling measurements.

LUNCH
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REFLECTANCE ANISOTROPY SPECTROSCOPY AND THE GROWTH OF LOW-DIMEN-
SIONAL MATERIALS, Z.Sobiesierski, DI Westwood, Dep. of Physics and Astronomy,

University of Wales College Cardiff, PO Box 913, Cardiff, UK

Reflectance anisotropy spectroscopy (RAS) has proved itself to be extremely sensitive to both surface recons-
truction and ultrathin coverages of material on semiconductor surfaces. This in-situ technique therefore lends
itself to monitoring the formation of low-dimensional systems in a wide range of growth environments. The
following systems have been studied under molecular beam epitaxy (MBE) conditions:

(i) the deposition of sub-monolayer coverages of Si, to form Si 8-layers within GaAs,

(ii) the As/P exchange reaction which leads to the formation of InAs surface quantum wells on the InP(001)
surface,

(iii) the self-organised growth of InAs quantum dots via strain relaxation of ultrathin layers (<2ML) of InAs
deposited on the GaAs(001) surface,

(iv) the kinetics of hydrogen desorption from vicinal Si(001) surfaces.

In our studies of Si/GaAs, it has been possible to deduce both that RAS is sensitive to coverages > 0.005 ML
Si/GaAs, and to estimate the level of activity of Si donors within a single 8-plane. Analysis of time-resolved
RAS measurements has led to: an activation energy of 1.23+0.05 eV being determined for the As/P exchange
reaction on InP(001); a detailed study of the conditions which influence InAs island formation on GaAs; and
the suggestion of a new desorption pathway for H on vicinal Si(001) surfaces.

GROWTH AND NANOSTRUCTURE OF InN THIN FILMS DEPOSITED BY REACTIVE
MAGNETRON SPUTTERING, O. Takai, K. Ikuta and Y. Inoue, Department of Materials
Processing Engineering, Nagoya University, Nagoya 464-01, Japan

InN is one of the less-studied III-V compound semiconductors, probably because the considerable difficulties
were encountered in its preparation. It has the wurtzite crystal structure with lattice constants a = 0.353 nm and
¢ =0.569 nm and the direct energy gap of 1.9 eV. Because of this energy gap, InN has potential applications
for visible-light opto-electronic devices. InN was also found to show electrochromic behavior.

InN is known to begin dissociation into its elements at 620°C in vacuum, and the equilibrium dissociation pres-
sure of InN is almost 1 atm at 500°C and rises steeply as a function of the temperature. Therefore, lower tem-
peratures are essential for deposition and crystal growth of InN. Plasma processes have possibility to carry out
the low temperature synthesis of InN. In this study InN thin films were deposited by reactive magnetron sput-
tering onto sapphire, silicon and glass substrates and their structure was analyzed with transmission electron
microscope and atomic force microscope. Effects of sputtering conditions such as composition of sputtering
gas, gas pressure and substrate temperature on the crystal growth of InN were studied.

OPTICAL NONLINEAR PROPERTIES OF Cd;_,Zn,Te EPILAYERS GROWN ON (100) GaAs
BY PULSED LASER DEPOSITION, D. Ohlmann, J.L. Deiss, J.L. Loison, M. Robino, G. Versini,

IPCMS-GONLO, 23 rue du Loess, 67037 Strasbourg Cedex, France

Cd,_Zn,Te is a variable gap II-VI ternary compound which offers a large potential of tunability of the band
gap and of the lattice parameter. Epilayers of variable composition were grown by pulsed laser deposition on
oriented (100) GaAs substrates by using cold-pressed targets obtained by mixing fine grained ZnTe and CdTe
powders. The structural and morphological quality of these layers were controlled and analysed by x-ray dif-
fraction (XRD) and atomic force spectroscopy (AFM).

The linear and nonlinear optical properties of these films of variable composition are studied. The linear trans-
mission spectra show interference fringes of the Fabry-Perot formed by the two surfaces of good optical qua-
lity of the sample. Nonlinear properties are studied by pump and probe measurements. The transmission of the
sample decreases when it is excited by an intense laser beam. This induced absorption is attributed to impuri-
ty or dislocation levels which enable the carriers created by the pump to reach higher energy levels. The high
nonlinearity is tunable over a wide spectral range when we choose different concentrations x of Zn.
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DEFECT FORMATION IN SiGe/Si STRUCTURES GROWN ON GaAs BY RTCVD TECH-
NIQUES UTILIZING A Si-H TEMPLATE LAYER, A. Christou, M. Al-Sheikhly, University of
Maryland, College Park, Maryland, USA; D. Girginoudi, A. Thanailakis and N. Georgoulas,
Democritus University of Thrace, Xanthi, Greece

The growth of epitaxial SiGe/Si structures on GaAs has been achieved via the initial deposition of a hydroge-
nated amorphous silicon layer which acts as the nucleation layer. The substrate temperature was maintained ini-
tially at 200°C and then raised to 600°C for the SiGe growth at a pressure of 10-3 mbar. The Ge atomic concen-
tration achieved was 10 percent. A dislocation density of 107 was maintained within the Si nucleation layer or
template layer. Negligible misfit dislocations were present within the SiGe layer (100 cm? density) indicating
the presence of a coherently strained SiGe. The photolumninescence measurements indicated a bandgap of 1095
meV. The main traps in the SiGe layer were due to the incorporation of carbon and oxygen. TEM examination
indicated the presence of oxygen precipitates, misfit dislocations and stacking faults. Background impurity
levels of 1016cm-3 were achieved.

Of particular interest are films grown on Si (100). The SiGe surface morphology was smooth with no indica-
tion of antophase domains. In the optimized samples, Hall mobility was used as measure for film quality in
addition to DDX FWHM values, mobility values of 3,000 cm2/Vs were achieved. Another parameter investi-
gated was the hydrogenated template layer. The role of hydrogen was to enhance the nucleation process for
achieving an epitaxial prelayer for SiGe growth. The effectiveness of the template layer was further investiga-
ted by electron spin resonance measurements.

SILICON BASED MULTILAYERS STRUCTURES PREPARED BY REACTIVE PULSE
LASER DEPOSITION, R. Ciach, J. Morgiel, W. Maziarz, Institute of Metallurgy and Material
Science of PAN, UL. Rejmonta 25, 30-059 Cracow, Poland; E.G. Manoilov, E.B.Kaganovich, S.V.
Svechnikov, Institute of Semiconductors Physics UNAN, pr. Nauki 45, 252650 Kiev, Ukraine; E.
M. Sheregii, Institute of Physics of Pedagogical University, UL. Rejtana 16a, 35-310 Rzeszow,
Poland

This report is concerned with laser modificated ultrathin Si layers. Two methods were used for their prepara-
tion. The periodic stripe pattern on the (100) surface of the p-Si wafer (p=7.5 Qcm) was obtained by the first
method that consists from action by single focused laser pulses beam (YAG:Nd** laser, A=1.06pm, 7=0.2ms,
E=0.2mJ) with next etching.

In the second method the nanocrystalline composite films were prepared by reactive pulse laser deposition (the
same laser was used E=0.2J, 7=10ns, pulse frequency 25 Hz). For example: 1 layer - nc-Si (size of crystalline
~ 3nm) in SiO, (x=1.5) matrix, 2 layer - nc-Si in SiO, (x=I) matrix, ... This method allow us to obtain multi-
layer periodic structures with a period of several nm. The electronography of profile sections of such structures
was performed by the PHILIPS CM20 (200 kV) transmission electron microscope, providing a magnification
with factor one million The composition of layers was measured by X-ray microanalysis.

GROWTH OF 8i;_,C,/Si- MULTIPLE QUANTUM WELLS USING MOLECULAR BEAM
EPITAXY, R. Hartmann, D. Griitzmacher, E. Miiller, U. Gennser, Micro- and Nanostructure
Laboratory, Paul-Scherrerr-Institut, 5232 Villigen-PSI, Switzerland, A. Dommann, Neutechnikum

Buchs, 9470 Buchs, Switzerland

Si/SiC Multiple Quantum Well (MQW) Structures of different well thicknesses (3 - 6 nm) have been grown
pseudomorphically on Si (100) at growth temperatures between 400°C and 550°C using Molecular Beam
Epitaxy (MBE). Solid Si was evaporated by an electron beam, while a graphite filament was used for the C
source. More than 2 % of C could be incorporated into substitutional lattice sites giving an additional parame-
ter for the design of Si based structures.

X-ray analyses show that the layers are pseudomorphic and tensially strained due to the smaller lattice constant
of C compared to Si. A post-growth rapid thermal annealing (RTA) of 10 min at 800°C didn’t affect the layer
composition and strain distribution indicating a good thermal stability. The crystallinity and interface quality
was additionally confirmed by TEM-measurements. Photoluminescence (PL) studies were done on the samples
both as grown and after the RTA-processing. Band edge PL could be observed besides a deep broad band signal
at around 0.8eV.

SUB-MICRON PATTERNING OF SILICIDE LAYERS BY LOCAL OXIDATION,
E._Klinkhammer, M. Dolle, L. Kappius, S. Mesters and S. Mantl, Institut fiir Schicht- und

Ionentechnik, Forschungszentrum Jiilich, 52425 Jiilich, Germany

We have investigated the thermal oxidation of epitaxial CoSi, on Si(100) and Si(111). The epitaxial layers were
grown by molecular beam allotaxy with a thickness ranging from 30 to 55nm. Similar to the well estabished
masking technology for local oxidation of silicon (LOCOS), the silicide layer is capped by 20nm SiO, follo-
wed by 200nm Si;N,. The nitride is patterned by optical lithography and dry etching. Line width down to 1 pm
were generated.

Wet thermal oxidation was used in a temperature range from 850 to 1000°C. On the unprotected regions SiO,
is formed on top of the silicide. During this process Co atoms diffuse from the SiO,/CoSi, interface through
the silicide layer to the CoSi,/Si interface to form CoSi, again. By this process the silicide layer is shifted into
the Si substrate. The silicide layer thins near the edges of the nitride mask and finally it separates. Therefore it
is possible to obtain two metallic layers electrically separated by Si and SiO, with a very small distance of
about 100nm.

We have observed a quite different behavior of the separation process of the silicide layers grown on Si(100)
or Si(111). This behavior is due to the different interface energies of the CoSi,/Si(111) and CoSi,/Si(100) inter-
faces. In both cases the separation process is also dependend on the orientation of the nitride-lines to the Si sub-
strate. I-V measurements between two separated pads show typical reverse biased metal-semiconductor-metal
(MSM)-Schottky characteristics.
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THE GROWTH OF METALLIC MULTILAYERS ON SEMICONDUCTOR SUBSTRATES
AND IN SITU OPTICAL MONITORING, T.Shen, Condensed Matter Group, Department of
Physics, The University of Leeds, Leeds LS2 9JT, UK )
The growth of Co/Cu muitilayers on Si(111) substrates has been studied with metal silicides as the initial buf-
fer layers. Epitaxial growth has been observed on both Co- and Cu-silicides. The values of the magnetoresis-
tance of the epitaxial layers were found to be higher for samples grown on Cu-silicides than for those on Co-
silicides. The variation in optical reflectance during growth was investigated in situ whilst the specular RHEED
intensity was simultaneously monitored. The experimental reflectance data were found to agree well with the
prediction of a numerical simulation. Details will be discussed, including the effect of small amount Pb to the
optical reflectance and the magneto-transport behaviour of the multilayers.

TAILORING EPITAXIAL GROWTH OF LOW DIMENSIONAL MAGNETIC HETERO-
STRUCTURES BY MEANS OF SURFACTANTS, J. Camarero, J.E. Pricto, J. de la Figuera,
1.J. de Miguel and R. Miranda, Departamento de Fisica de la Materia Condensada, Universidad

Autonoma de Madrid, Cantoblanco, 28049 Madrid, Spain

Surfactants have been recently used to custom-modify epitaxial low-dimensional magnetic heterostructures
such as thin magnetic films, superlattices and quantum wires. By using a multitechnique approach (STM,
TEAS, SXRD, LEED and SMOKE) we describe the surfactant effect of an ordered, compact, layer of Pb on
heterostructures based on the Co/Cu(111) system. The Co films grown without surfactants show a 3D pyrami-
dal, rough morphology, consist in fcc-hcp mixtures, are discontinuous and present reacted interfaces. Cu layers
deposited on top of these Co films are fcc-twinned and display magnetic bridges and conformal roughness.
The Co films grown with the surfactant grow layer by layer, keep the fcc stacking sequence and present non-
reacted interfaces, furthermore the Cu spacer layers are strictly fcc and continuous. This structural perfection
allows to modify the magnetic properties, e.g. selecting the easy axis of magnetisation or producing trilayers
with complete antiferromagnetic coupling. Finally we will illustrate how the concept of surfactant can be used
to fabricate one dimensional magnetic wires on vicinal surfaces.

TEMPERATURE-DEPENDENT INTERDIFFUSION OF ULTRATHIN Fe/Pd (100) FILMS,
X. Le Cann, C. Boeglin, B. Carriére, IPCMS Groupe “Surfaces-Interfaces”, 23 rue du Loess, 67037
Strasbourg, France, K. Hricovini, LURE, 91405 Orsay, France, and Université de Cergy-Pontoise,

95011 Cergy-Pontoise, France

The magnetism of ultrathin bet Fe films epitaxially grown on a fec Pd(100) substrate are studied by magnetic
circular X-ray dichroism and related to the specific interface morphology of the ultrathin films. In the case of
Fe/Pd(100) ultrathin films, the high Curle temperature favors ferromagnetism at room temperature at coverages
as low as two equivalent monolayers Fe/Pd(100). The results show a strong in-plane anisotropy and a greatly
enhanced magnetic orbital moment (x5) for the ultrathin Fe films.

Soft X-ray core level photoemission studies show a clear temperature-dependent diffusion process. Moreover
at 350°C we observe a full Pd monolayer covering the epitaxial Fe film. The originality of this contribution is
to show how the interdiffusion at the Fe/Pd interface is related to the strong orbital moment mesured at the
FeL, 5 edges.

MAGNETIC AND STRUCTURAL PROPERTIES OF ULTRATHIN Cr FILMS ON Co/Pd (111),
S. Boukari, E. Beaurepaire, F. Scheurer, B. Carriere, and J.P. Deville, Institut de Physique et
Chimie des Matériaux de Strasbourg, U.M.R. 046, 23 rue du Loess, 67037 Strasbourg, France
Our aim is to study the relationship between structure and magnetic properties of ultrathin bee films of Cr depo-
sited on Co/Pd(111). Films were grown by MBE and their properties analyzed by Auger Electron Spectroscopy
(AES), Low Energy Electron Diffraction (LEED) and in-situ Magneto-Optical Kerr Effect (MOKE).

Cr films were grown at 300K and 450K on Co films of thickness 2.5 monolayers (ML) to 11ML. Depending
on the growth conditions, the LEED pattern is characteristic either of a pseudomorphic Cr film or a multido-
mains Cr(110) film. We observe a drastic increase of the polar MOKE signal in the first stage of growth of Cr
on a 3ML Co film which suggests that there is 2 net magnetic moment on a Cr(110) plane. This could be explai-
ned by the frustration between the antiferromagnetically coupled Cr(110) magnetic moments and their coupling
with Co moments. For deposition at 450K, we observe a decreasing of the longitudinal MOKE signal, in line
with the formation of a non-magnetic Cr-Co alloy, as suspected by AES. We also note that a Cr deposit stron-
gly enhances the perpendicular magnetic anisotropy of the film.
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MICROSTRUCTURE OF Fe/Cu(Au) ARTIFICIAL SUPER- LATTICE, M. Arita, A. Kuwahara,
Y. Yamada, M. Doi and M. Matsui, Dept. Mater. Sci. & Eng., School of Engineering, Nagoya

Univ., Furocho, Chikusaku, Nagoya 464-01, Japan

fee - Fe in the artificial superlattices of Fe / Cu (Au) gives large magnetization, which are deposited onto Cu
(001) by MBE. The magnetization showed various values due to the surface geometry of the substrate: fec-Fe
/ Cu superlattices on slightly rough surfaces showed larger magnetization than those on very flat substrates. In
order to study the origin of the difference in magnetization, observations of the microstructure have been per-
formed by means of cross-sectional TEM.

Different degrees of surface roughness of Cu (001) were obtained by two methods, i.e. rf-sputtering and ion-
beam-sputtering. Fe / Cu (Au) multi-layered superlattices were made by MBE. The TEM samples were prepa-
red by ordinary methods and were observed along [110] using several types of TEM such as JEM2010 and
H9000 with the help of persons in Nagoya Univ., Shizuoka Inst. Sci.&Eng., Ciba-Geigy, NTT and JEOL.

The superlattice made on a very flat substrate constituted a flat film with the step of <l nm at the interface bet-
ween Fe and Cu (Au). Epitaxial growth of fcc-Fe was clearly recognized. On the other hand, the film on a
slightly rough substrate showed a wavy contrast with a period of several hundreds of nm and an amplitude of
several tens of nm, reflecting the geometry of the substrate. At the interfaces wavy contrast (or step) with a per-
iod of ~ 10 nm and an amplitude of several nm was observed while the Epitaxial growth was recognized. The
difference of the microstructures in these two samples was mainly the wavy geometry at the interface inside
the superlattice. These observed microstructures must play an important role influencing the magnetic proper-
ties of the superlattices.

STUDIES OF THE INFLUENCE OF THE LOCAL GROWTH CHARACTERISTICS ON THE
MAGNETIC PROPERTIES OF ELECTROLYTICALLY DEPOSITED Ni FILMS, J. Pflaum,
E. Huebner, Th. Zeidler, T. Schmitte, J. Pelzl, Institut fiir Experimentalphysik I1I, Ruhr-Universitit,
44780 Bochum, Germany; J.-L. Bubendorff, J.-P. Bucher, Institut de Physique et Chimie des

Matériaux de Strasbourg, 23 rue du Loess, 67037 Strasbourg, France

In this study we investigate the relationship between local structural properties and the magnetic behavior of
thin Ni films. The films were grown by electrodeposition on gold covered mica substrates as well as on gold
covered glass substrates. The deposition rate ranges from 0.02nm/s to 2nm/s. Analysis of the local surface tex-
ture were performed by Atomic Force Microscopy (AFM) and related to the position and the shape of the reso-
nance line at Ferromagnetic Resonance Spectroscopy (FMR) experiments. Estimating the surface anisotropy,
K, from the FMR results we obtain a measure for the ratio of the magnetic surface properties to the magnetic
volume properties of the Ni films. Additionally, we have used magneto-optical Kerr-effect (MOKE) to study
the thickness dependence of the coercive field. From this quality we found that the films on mica substrates
offers much more pinning centers for magnetic domains by structural imperfections than the Ni films on glass
substrates. To yield insight into the influence of the preparation technique on the structural and the magnetic
behavior we compared the results with a series of evaporated Ni films on gold covered glass substrates.

MAGNETICS PROPERTIES OF ELECTROCHEMICALLY PREPARED CoFILMS AS A
FUNCTION OF GROWTH CONDITIONS, JI-L. Bubendorff, E. Beaurepaire, C. Meny,
J.P. Bucher, Institut de Physique et Chimie des Matériaux de Strasbourg, 67037 Strasbourg, France;
J. Pflaum, E. Huebner, J. Pelzl, Institut fiir Experimentalphysik III, Ruhr-Universitit, 44780

Bochum, Germany .

In this study, we discuss the relationship between growth parameters and magnetic properties of electrodepo-
sited cobalt films on Au(111) terraces onto mica. We focus on the role played by the pH, the applied overpo-
tential and the deposition rate. Classical Watts electolytes have been used and the films were covered in situ by
a pinehole free Cu protection. The topography of the deposits have been analysed by Atomic Force Microscopy
and the growth process determined and controled by in situ Scanning Tunneling Microscopy and cyclic volta-
metry. Nuclear Magnetic Resonance Experiments show that the cobalt films grow epitaxially and possess hep-
stuctures with the c-axis perpendicular to plane. Magneto-optic Kerr effect measurements and alternating gra-
dient field magnetometry have been used to study the thickness dependence of the magnetic anisotropy. We stu-
die the ratio of fec over hep as a function of film thickness. Ferromagnetic Resonance Spectroscopy results will
also been presented at the conference.

STRUCTURE OF Fe,Mn_,/Ir(001) SUPERLATTICES DETERMINED BY X-RAY SCATTE-
RING, EXAFS AND MULTIPLE SCATTERING THEORY, H.M.Fischer, S. Andrieu,
M. Piecuch, URA CNRS, BP 239, 54506 Vandoeuvre les Nancy, France, A.Traverse, H. Fischer,

M. Bessiére, LURE, Université Paris Sud, 91405 Orsay, France

Fe,Mn,_,/Ir(100) (0 < x < ) superlattices were grown by Molecular Beam Epitaxy. RHEED measurements
show that the growth of these alloys on (001)Ir is pseudomorphic to Ir and 2D up to 20 atomic planes at 373K
whatever x. X-ray scattering shows the exceptionnel mesoscopic and macroscopic quality of these samples.
Extended X-Ray Absorption Fine Structure experiments were performed on these samples in order to determi-
ne the alloy structure for each stoichiometry. The usual Fourier treatment of EXAFS oscillations is not an app-
ropriate technique because of the very similar first neighbour distances of the different structures. On the
contrary, the application of multiple scattering theory of XAFS allows us to identify the structures. We find that
Fe rich alloys (x > 0.7) have a tetragonal structure with a c/a ratio equal to 1.10, whereas Mn rich alloys are
found in a tetragonal structure with a c/a ratio equal to 1,30. The intermediate structure of Fe; ;Mny 5 presents
a c/a ratio equal to 1.20. This structural transition is followed by a magnetic transition: the Fe,Mn,_/Ir(100) (x
> 0.7) superlattices are effectively ferromagnetic, even at 300K. On the contrary, the other superlattices (x <
0.7) haven’t any magnetic macroscopic moment, even at 5K.
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MICROSTRUCTURAL PROPERTIES OF EPITAXIALLY GROWN Fe,Mnj_,/Ir (100) SUPER-
LATTICES STUDIED BY HREM, H. Ardhuin, E. Snoeck, M.-J. Casanove, CEMES-LOE, BP
4347, 31055 Toulouse Cedex, France

We report the fine structure of Fe,Mn_/Ir superlattices where the FeMn alloy layers have various thicknesses
and stoichiometries (0.3 < x < 0.8). The different films were epitaxially grown on (100) MgO substrates by
Molecular Beam Epitaxy (MBE).

Cross-sectional specimens of these superlattices were studied by High Resolution Transmission Electron
Microscopy (HREM), great attention being paid to the evolution of the structural features as a function of x and
of the layers thicknesses. The HREM micrographs, combined with image analysis, allowed accurate measu-
rements of the different lattice parameters and of the tetragonality ratio, c/a, in the alloy layers. The elastic
strains were estimated from these experiments. The growth and relaxation mechanisms will also be reported.

OPTIMIZED EPITAXIAL GROWTH OF Fe ON Ag (001), D.E. Biirgler, C.M. Schmidt,
D.M. Schaller, F. Meisinger, and H.-J. Giintherodt, Institut fiir Physik, Universitdt Basel,

Klingelbergstrasse 82, 4056 Basel, Switzerland

We report on a comprehensive study of the growth of 5 nm thick epitaxial Fe(001) films on Ag(001) substrates
which are deposited on Fe-precovered GaAs(001) wafers. We characterize the films in-situ by scanning tunne-
ling microscopy (STM), low energy electron diffraction (LEED), X-ray photoelectron spectroscopy (XPS), and
depth profiling to obtain information about the geometrical and chemical surface structure. We find that the sur-
face morphology is improved by either growing or post-annealing the films at elevated temperatures. During
deposition at and above room temperature, however, an atomic exchange process is activated that results in a
thin Ag film (up to 1 monolayer) «floating» on top of the growing Fe film. We propose and confirm a growth
procedure that yields clean, Ag-free surfaces with a morphology superior to the other films. The topography is
dominated by a dislocations network which is due to strain relief in the film. This optimized recipe consists of
two steps: (i) low-temperature growth of the first 2 nm in order to form a diffusion barrier for the Ag substra-
te atoms, and (ii) high-temperature deposition of the final 3 nm to take advantage of the improved homoepi-
taxial growth quality of Fe at elevated temperatures.

LUNCH

B-15




SYMPOSIUM B

Thursday June 19, 1997
Jeudi 19 juin 1997

B-VL11

B-VI.12

B-VL.13

Poster Session 11

14:00-16:00

16:00-16:30

Afternoon
Apres-Midi

See programme of this poster session p. B-25 to B-28.

BREAK

Session VI - Metallic Thin Layers (continued)

- invited -

16:30-17:00

17:00-17:15

17:15-17:30

STUDYING INTERFACES ON A NM SCALE BY BEEM, T. Meyer, Laboratorium fiir
Festkorperphysik, ETH Honggerberg, 8093 Ziirich, Switzerland, H.Sirringhaus, Cavendish
Laboratory, University of Cambridge, Madingley Road, Cambridge CB3 OHE, G.B. and H. von
Kénel, Laboratorium fiir Festk6rperphysik, ETH Honggerberg, 8093 Ziirich, Switzerland

Ballistic electron emission microscopy is a technique derived from scanning tunneling microscopy and allows
the investigation of the electric and structural properties of metal/semiconductor interfaces on a small scale. In
our experiments on thin (2-3nm) metallic CoSi, films grown epitaxially on Si(111) we have been able to resol-
ve interfacial objects as small as 1 nm. The films were grown by MBE and measured in a low temperature
(77K) BEEM-microscope situated in the same UHV environment. Highly doped silicon (111) substrates of both
n and p type were capped with an intrinsic silicon buffer layer, on which the CoSi,-film was formed by stoi-
chiometric codeposition and subsequent annealing. During this procedure a network of partial dislocations is
formed, relaxing the strain in the silicide. Ballistic-electron-emission-spectroscopy showed that the height of
the Schottky barrier is not affected by the presence of dislocations and interfacial point defects. This means that
the contrast observed in BEEM-images of these interfacial defects can only be due to electron-scattering, which
was confirmed by experiments on n- and p-doped substrates, showing an enhancement and a reduction in the
magnitude of the BEEM-current at scattering centers respectively. On samples grown on n-doped substrates the
formation of quantum interference states within the film could be observed. Interfacial defects of presumma-
bly size could be imaged with a resolution of about 1 nm. They were found to accumulate in the core region of
interfacial dislocations. This and the fact that the area-density of point defects is found to be lower close to a
dislocation, can be explained in terms of lateral diffusion of point defects within the interface-plane and trap-
ping within dislocations cores [1].

[1] T. Meyer and H. von Kénel, Phys. Rev. Lett. 76, April 1977.

TEMPERATURE AND THICKNESS DEPENDENT EPITAXIAL RELATIONSHIP OF Pd(111)
ON Cr(110), O. Hellwig, K. Theis-Brohl, G. Wilhelmi, H. Zabel, Institut fiir Experimentalphysik,

Ruhr-Universitit, 44780 Bochum, Germany

Comparing the atomic diameter ratio Kurdjumow-Sachs in-plane epitaxial relationship between Pd(111) and
Cr(110) should be assumed. However, depending on growth temperature and film thickness we obtain both,
Nishiyama-Wassermann (NW) as well as Kurdjumov-Sachs (KS) orientations. This has been found by surface
X-ray scattering as well as from LEED experiments. Both orientations can be distinguished by the number of
Pd in-plane domains which is one for NW and two for KS. The samples have been grown by MBE using
Nb(110)/A1203(1120) as buffer/substrate system. Independent of the film thickness, for growth temperatures
above 130°C the expected KS growth has been observed. However, for lower growth temperatures pure KS
growth occurs only for Pd film thicknesses below 20 A. After reaching a temperature dependent critical film
thickness a transition from KS to NW orientation takes place. This process is continuous showing several inter-
mediate states. The dependence of the epitaxial relationship on temperature and film thickness has been plot-
ted in a phase diagram. Regions with pure KS and NW growth are separated by a broad transition region of
mixed states. Within the transition region the angle between the two KS domains change continuously reaching
~10° for pure KS growth. Additional STM measurements show that Pd forms column shaped islands with
varying width and height depending on film thickness, growth temperature and epitaxial relationship between
Pd and Cr.

DC MAGNETRON SPUTTERING OF EPITAXIAL Ni FILMS ON MgO SUBSTRATES:
STRUCTURE AND SURFACE MORPHOLOGY, E.B. Svedberg, P. Sandstrom, L.D. Madsen and
J.-E. Sundgren, Thin Film Physics, Link&ping University, 581 83 Linképing, Sweden, and B. Karr,
D. Cahill, I. Petrov, J.E. Greene, Materials Science and Engineering, University of Illinois, Urbana,
Illinois, USA

The growth of Ni films by dc magnetron sputtering onto MgO (100) substrates was investigated with the aim
of producing epitaxial smooth Ni layers for magnetic multilayer applications. Growth temperatures ranging
from 20-700°C for 200 nm thick Ni films were examined. At 100-200°C, smooth, single-crystal layers with a
complete (200) texture were obtained, as demonstrated by analyses of (200), (220) and (111) x-ray diffraction
pole figures. All higher deposition temperatures produced a (751) texture that was four-fold degenerate and
twinned. This change in texture also marked a transition to a faceted surface as shown by atomic force micro-
scopy (AFM). At reduced temperatures, 20°C, a complex texture dominated by (110) orientated grains, was
obtained. With different film thicknesses, AFM showed a marked increase in roughness, both in terms of ave-
rage surface roughness r and height-height correlation, when the thickness was increased. For Ni films grown
at 400°C, r increased from 0.5 to 3.0 nm when the film thickness was increased from 10 to 250 nm. Such a dra-
matic increase was not the case for the single crystal Ni in the 100-200°C range. At 200°C and a thickness of
200 nm, the roughness of the single-crystal layers was an order of magnitude lower.
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STRESS-INDUCED COMPOSITIONAL MODULATIONS IN THIN Au-Ni SOLID SOLU-
TIONS GROWN ON Au (001) BY MBE : A TEMPERATURE X-RAY DIFFRACTION STUDY,
G. Abadias, I. Schuster, A. Marty, C. Dressler, P. Bayle-Guillemaud, J. Thibault, CEA-Grenoble,
Département de Recherche Fondamentale sur la Matiére Condensée, 17 avenue des Martyrs, 38054
Grenoble Cedex 09, France, and B. Gilles, LTPCM-ENSEEG, BP 75, 38402 Saint-Martin-d’Héres,

France

Although in the bulk state gold and nickel are nearly immiscible at room temperature, thin Au;_,Ni, solid solu-
tions with x ranging from 0.2 to 0.5 have been coherently grown on Au (001) by Molecular Beam Epitaxy The
thicknesses of the Au-Ni alloys vary from 15 to 30 monolayers and can be controlled using Reflection High
Energy Electron Diffraction. The observed enhancement of solubility is due to the epitaxial misfit imposed by
the gold substrate to the Au-Ni film.

In this paper we investigate the evolution with temperature of these Au-Ni alloys using a temperature X-ray dif-
fraction technique. The results show a strong evidence of modulations of the Au-Ni alloys structure extended
over several angstroms in the growth direction. These stress-induced modulations are temperature and compo-
sition dependent and may contribute to the relaxation of the elastic energy of Au-Ni films. The high elastic ener-
gy due to epitaxial constraint may be lowered by an «anelastic» process, known as the Zener effect, in which
homoatomic pairs of atoms are preferentially oriented in plane.

STRUCTURAL EVOLUTION OF Au (001) /Ni MBE-THIN FILMS AND SOLID SOLUTIONS
WITH TEMPERATURE, A HREM STUDY, C. Dressler, P. Bayle-Guillemaud, J. Thibault,
G. Abadias, A. Marty, B. Gilles, CEA-Grenoble, Département de Recherche Fondamentale sur la

Matiére Condensée, 17 avenue des Martyrs, 38054 Grenoble Cedex 9, France .

Ordering of Au/Ni/Au thin films and AuNi solid solutions has been observed despite their equilibrium phase
diagram. Strained Ni thin films epitaxially grown on Au(001) (Ni thicknesses !ower than 5 monolayers(ml))
have been annealed at temperatures ranging from 180 to 300°C. Modulations of the contrast in the growth
direction (period of a few ml) in high resolution electron microscopy cross section images have been interpre-
ted as the result of chemical modulations of the Au and Ni components. In fact, previous studies at room tem-
perature of these films had shown that the Ni layers remained coherent with the gold layer if the nickel thick-
ness did not exceed 6 ml. It has been shown that the interfaces were not abrupt and that mixing between the
two components occurred during growth over 8 to 12 ml: the chemical modulations induced by annealing treat-
ments are localised within these 8 to 12 ml. The occurrence of these modulations has also been checked on
AuNi solid solutions epitaxially grown on a Au(001) buffer: if the solid solution is kept strained in the growth
plane, the heating gives rise to chemical modulations in the area of the solid solution similarly to the thin films.
These modulations are function of the initial Ni concentration and the heating temperature and time. If the
thickness of the solid solution is higher than a critical value, the relaxed layer does not show these modulations
after heating treatment. This indicates that the ordering is induced by the in-plane strain. The heating favours a
strain relaxation of the solid solution in the growth direction, the layer still being coherent in the growth plane
with the Au(001) buffer.

LONG RANGE CHEMICAL ORDER AND INDUCED LATTICE DEFORMATION ALONG
THE GROWTH DIRECTION IN EPITAXIAL (0001) Co3Ru ALLOY, L. Bouzidi, V. Pierron-
Bohnes, N. Ringelstein, J. Arabski and C.C. Cadeville, Institut de Physique et de Chimie des
Matériaux de Strasbourg, UMR 46 (CNRS-ULP), 23 rue du Loess, 67037 Strasbourg, France
[0001]CoxRu (X ~ 3) epitaxial films of about 50 nm thickness have been grown on a Ru buffer at temperatures
(T) ranging from 450 K to 820 K. Most of these alloy thin films display i) a composition modulation along
the growth direction with a periodicity double of that of a disordered hexagonal alloy and ii) an induced decrea-
se of the interplanar distance. The so-observed long range ordering, that was not yet observed in bulk alloys,
increases with Tg between 450 and 600 K, then saturates on a plateau and decreases above 700 K. The tempe-
rature(T) dependence of the ‘c’ lattice constant between 450 K and 700 K is well described by a double t-T
exponential behaviour that yields an activation energy for the ordering process of 1 + 0.2 eV. This value which
is much lower than the usual values of the activation energy in bulk Co-based alloys (~3 eV) can be assiged to
a surface diffusion process, illustrating the predominant role played by surface effects (both surface interactions
and surface diffusion) in the building of these periodic stackings that are found to be metastable. The decrease
of the long range ordering above 700 K is explained by the interplay of bulk diffusion that becomes operating
at these temperatures during the deposition time, destroying the native long range ordering induced by surface
effects.
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INVESTIGATION ON THE RELATION BETWEEN THE THICKNESS AND THE ORIENTA-
TION OF EPITAXIALLY GROWN YBCO THIN FILMS BY LASER ABLATION, J.H. Park,
S.Y. Lee, Dept. of Electrical Engineering, Yonsei University, Seoul, 120-749, Korea, M.K. Choi

and I. S. Yang, Physics Dept., Ewha Womans University, Seoul, Korea

Highly c-axis oriented YBCO thin films have been grown on MgO substrates by laser ablation using halogen
lamp as a heater. We have chosen the noncontact method without silver paste to heat up the substrate and to
preserve its backside after deposition using halogen lamp for the fabrication of the double-sided YBCO thin
films. For the further development to the microwave applications it will be helpful using the halogen lamp to
provide good quality of double-sided thin films. A Nd:YAG laser was used to fabricate YBCO thin films. The
wavelength of the laser can be chosen among 355nm, 532nm, and 1064nm. By varying the thickness and the
film deposition temperature of the thin films, we observed the changes of the film orientations. We can get high-
ly c-axis oriented double-sided YBCO thin films by optimizing the thickness and the deposition temperature of
YBCO thin films. The double-sided thin films were systematically investigated using Raman spectroscopy and
X-Ray diffraction to ensure the relation between the orientations and the thickness of the thin films.

PREPARATION OF SUPERCONDUCTING MULTILAYER STRUCTURE FOR POWER
ELECTRONIC DEVICES, K.Shingai, Y. Yamagata, T. Ikegami and K. Ebihara, Kumamoto

University, 2-39-1 Kurokami, Kumamoto 860, Japan

High-Tc superconducting (HTSC) thin films have drawn much attention due to their application in power elec-
tronic device such as current leads, current limiters and current switching devices. However, HTSC films with
thickness over 400nm hardly obtain high critical current density due to difficulty in controlling the orientation
of crystalline grains within these films.

In this study, Y-Ba-Cu-O multi layer structure was prepared using by the KrF excimer pulsed laser deposition
technique. This structure shows good c-axis orientation, good surface morphology and high critical current den-
sity over 105A/cm? at 77K for I pm films.

In recent years, the investigation of three-terminal superconducting electronic devices for power application has
been of great interest. The ferroelectric such as lead zirconate titanate (Pb-Zr-Ti-O) / HTSC stacking structure
has paid attention to improve performance of these devices.

Therefore, we also study on the heterostructure of Pb-Zr-Ti-O / Y-Ba-Cu-O grown on MgO(100) substrate. The
crystallization, morphology and superconducting properties of these films were investigated. The zero resis-
tance critical temperature Tc(zero) of superconducting channel was 82.0K. It shows that good Pb-Zr-Ti-O / Y-
Ba-Cu-O multilayer was obtained.

These multilayer structures will be to contribute for the development of the new application in superconduc-
ting electronic devices.

THIN TANTALUM OXIDE FILMS PREPARED BY 172 nm EXCIMER LAMP IRRADIATION
USING SOL-GEL METHOD, L.J. Bie, 1.-Y. Zhang and I.W. Boyd, Department of Electronic and
Electrical Engineering, University College London, Torrington Place, London WCI1E 7JE, UK;
V. Dusastre, Department of Chemistry, University College London, 20 Gordon Street, London
WCIH 0AJ, UK

Tantalum oxide film has been extensively studied due to its potential electronic and optoelectronic applications
in the semiconductor industry. It is a promising candidate as a capacitor insulator in high density dynamic
memories (DRAMSs) and in ultra-large-scale-integrated devices due to its high dielectric constant (about 25).
Tantalum oxide films can also be employed as non-linear optical materials and in waveguide structures.

Very thin tantalum oxide films (less than 100 A) were prepared by spin-coating using sol-gel method as well
as a novel VUV irradiation step. The layers were formed on Si (100) substrates, using a 172 nm excimer lamp
which resulted in homogeneous thin films on the scale of nanometer as indicated by SEM. The effects of spin-
on speed, irradiation time and substrate temperature on the film formed have been studied. X-ray photospec-
troscopy (XPS) was employed to examine the content of different elements during the process and showed that
the carbon content, which is considered to be harmful to the electrical properties, can be reduced to the extent
of being essentially zero. Ellipsometry, Fourier transform infrared spectroscopy, capacitance-voltage and cur-
rent-voltage measurements were employed to characterise the oxide films prepared at different substrate tem-
peratures in the range of 100°C to 450°C and indicate that some of them to be of high quality.
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EPITAXIAL GROWTH AND STRUCTURE OF IRON OXIDE FILMS ON Pt (111), M. Ritter,

W. Weiss and R. Schldgl, Fritz-Haber-Institut der MPG, Faradayweg 4-6, 14195 Berlin, Germany
The epitaxial growth of a metal oxide has been investigated from the micrometer down to atomic scale by STM
in combination with LEED and Auger electron spectroscopy. A unique growth mechanism is observed for iron
oxide films grown onto Pt(111) surfaces by repeated cycles of iron deposition and subsequent oxidation. The
first monolayer (ML) exhibits hexagonal unit cell with a periodicity of 3.1 A and a superimposed large hexa-
gonal unit cell with a periodicity of 26 A. This is explained by a FeO (111) bilayer forming a coincidence struc-
ture on the Pt(111) surface due to the Jarge lattice mismatch.

The film continues to grow layer by layer in the FeO structure up to a critical thickness of 3-4 ML, at which
the large periodicity induced by the lattice mtsmatch is still visible. Then Fe;0, islands start to grow in (111)
orientation, and inbetween these islands the first FeO monolayer gets exposed again due to removal of FeO
layers above the first layer. The islands continiously increase in size until they coelesce forming a thick film.
Thermodynamic calculations reveil Fe;0, to be the most stable phase under our film preparation conditions.
The initial growth of FeO is explained by the stable interface structure that FeO forms at the Pt(111) surface.
Upon reaching the critical film thickness the energy balance favours the formation of the Fe30, islands and
leads to a partial removal of FeO layers lying above the first interface layer.

BREAK

Yo Yo Yo e ¥ ¥ ¥ %% ¥ ¢ END OF SYMPOSIUM B ¥ ¥¢ 3¢ ¢ 3% ¥ 3 3% % W




SYMPOSIUM B

SYMPOSIUM B
POSTER SESSIONS

Wednesday June 18, 1997 Afternoon
Mercredi 18 juin 1997 Aprés-midi

Poster Session I
14:00-16:00

Growth Methods and Kinetics

B-I/P1

B-1/P2

B-1/P3

B-1/P4

ENERGETICS AND KINETICS OF Yb-Si(111) INTERFACE FORMATION, T.V. Krachino, M.V. Kuz’min, M.V. Loginov,
M.A. Mittsev, Ioffe Physico-Technical Institute, Russian Academy of Sciences, Polytechnicheskaya St. 26,194021 St.Petersburg,

Russia

In this paper we consider initial stages of Yb-Si(111) interface formation studied by means of TDS, Modulated-Beam Desorption spectroscopy
(MBD), LEED, and AES. MBD experiments were performed in wide range of temperatures (including temperatures at which clean Si(111) sur-
face exhibits structure 1x1). The growth mechanism is found to follow the mode similar to Stranski-Krastanov type: 3D islands of Yb silicide
phase grow on Yb monatomic interlayer. Adsorbed 2D layer consists of domains surrounded by 2D gas of Yb atoms. Desorption activation ener-
gy for isolated Yb atoms Ed=2.9¢V is obtained. Formation of 2D domains on Si(111)1x! results in reconstruction of silicon upper layer.
Dimerization of Si surface atoms is accompanied by raising of E,. A set of 2D domain structures (3x2, 5x1, 2x1) in order of Yb coverage increa-
sing is observed. The least densely packed structure (3x2) with the highest value E,=4.4eV is arranged in low coverage range. The most close-
packed 2D structure (2x1) with E,=3.2eV is found to be filled up at Yb quantity of 3.6+10" atoms/cm. The latter structure reveals lattice para-
meters close to bulk Yb silicide film, which allows 3D islands of Yb silicide phase to be formed. Activation energy for Yb silicide film decom-
position E, is equal to be 2.9eV.

SURFACE ACTIVITY OF RARE EARTH DOPE IN LIQUID PHASE EPITAXY GaAs:Gd, Y.A. Zelenin, V.D. Malyshev,

Odessa State Marine University, Dpt.Technical Cybernetics, 34 Mechnicov Street, 270029, Odessa, Ukraine

The surfation effect of rare earth /RE/ dope Gd on GaAs (100) crystal boundary in liquid phase epitaxy GaAs:Gd are investigated by Scanning
Electron Microscopy. Changing the grown modes form Volmer- Weber to Stranski - Krastanov and Frank - van der Merve at least, under 0.01 +~
0.05 at.% Gd addendum are observed. :
Fundamental rebuilding the micro - morphology of apitaxial films in scale (3 + 10)um are observed in both Bi:Gd and Ga:Gd solvents under 0.03
at.% Gd addendum. The interface surface tension changing is manifested by the displacement of size and shape distribution of alloy melt drops
traces the GaAs (5 + 10) um grain boundary.

Total RE dope effect can be explained assuming spliting ones on two parts:

(a) local, the HSAB complexation residual impurities;

(b) global, the changing grown modes under shift electrons chemical potential of the solution - melt under RE dope - the surface activity. The
second side (b) of RE dope effect is the complementary part of the developed Rare Earth Semiconductor Technology REST.

PREPARATION OF THICK CRYSTALLINE SILICON LAYERS ON GLASS BY LASER IRRADIATION, G. Andri,

J. Bergmann, F. Falk, E. Ose, Institut fiir Physikalische Hochtechnologie, Helmholtzweg 4, 07743 Jena, Germany

For polycrystalline silicon thin film solar cells a silicon layer 50 um thick is required consisting of grains 100 pm in diameter deposited on low
prized glass substrate. We report on a preparation method combining plasma enhanced CVD of amorphous silicon and laser crystallization.

We start from a-Si:H thin films 200 nm thick which are deposited on glass (Corning 7059) by a plasma CVD process. These films are irradiated
by ms pulses of an Ar- or a CO, laser to result in crystals of several ten pm in diameter. In order to increase the film thickness on this crystalline
seed layer further amorphous silicon is deposited by the same CVD process at a rate of 15 nm/min. During the deposition the growing layer is
irradiated by excimer laser pulses of about 300 mJ/cm at a repetition rate of 0.01 Hz. Each laser pulse melts the newly deposited amorphous layer
down to the crystalline interface which acts as a homoepitactic substrate during resolidification. In this way the whole growing amorphous layer
is converted to a polycrystal.  ~

TEM STUDIES OF UNUSUAL CRYSTALLINE STRUCTURES FORMED IN AMORPHOUS FILMS, V.Y.Kolosov(!) and
AR Tholen(®, (DUral State University, Ekaterinburg, Russia, (DPhysics Dept., Chalmers University of Technology, 41296

Goteborg, Sweden

An unusual internal lattice bending (up to 120 degrees per micron) has been observed in different thin amorphous films subjected to transforma-
tion amorphous - crystalline [1]. We will here report about such a transformation in thin films of amorphous iron oxide (Fe,0,), which were expo-
sed to the electron beams of different size and intensities inside the electron microscope and transformed to concentric annular areas (width about
1 micron) of “perfect” and “imperfect” crystallline zones of distinct diffraction contrast. The two different zones are thus crystalline both with a
constant internal bending of the lattice: the crystals themselves are not bent but regular rotation of the lattice (from <001> to <100> between the
centres of any adjacent zones is accumulated inside grains. The grain morphology in the two zones is, however, completely different with quite
large grains in the “perfect” zones and fine grains in the “imperfect” zone, where the grains often are crescentlike with their smallest dimension
being around 20 nm. (There is also an internal rotation of the lattice from [001 ] to [100] within the grains).

This unusual microstructures were studied with a Philips CM200 FEG microscope using HREM, EDX, CBED, EELS and bend-contour tecnique,
developed earlier [1].

[1] Kolosov V.Yu. Proc XI1 ICEM, 1990,Vol.1, 574
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GAS PHASE COMPOSITION ANALYSIS WITH ABSORPTION UV SPECTROSCOPY METHOD IN THE SYSTEM GaP-

PCl3-AsCl3-H,-He, V.A. Voronin, S.K.Guta, Lviv Polytechnic State University , Bandera Street 12, Lviv 290046, Ukraine

In the present paper with the help of the in-situ optical absorption spectroscopy method the concentration’s of component’s for the system GaP-
PCl;-AsCly-H,-He were determined in the source region. The investigation was made in the 220-360 nm region at temperatures from 20°C to
900°C, the Reinold’s number having been taken from 0.1 to 0.5. It was shown that homogeneous and nonhomogeneous reactions in the source
region had nonequilibrium nature. The kinetics of main reactions were determined for a wide range of flow rates and temperatures.

The conditions at which the oversaturation value of isotemperature gas-phase exist are determined. The kinetics of overstaturated gas-phase
during epitaxial growth of GaAs, P, in the chloride gas-transport system at stable temperature was investigated. It is shown that vapour deposi-
tion of GaAs, P, in the system under investigation is impossible while chaning the AsCl; to PCl,. .

DEPOSITION INDUCED ATOMIC MOBILITY IN METAL-ON-METAL SYSTEMS: AMOLECULAR DYNAMICS STUDY,

C. Massobrio, IPCMS, 23, rue du Loess, 67037 Strasbourg, France

Adatoms mobility at temperatures lower than those corresponding to thermally activated motion has important implications in the growth of
adsorbed nanostructures, since it determines their initial morphology after deposition. Over the years, molecular dynamics simulations have pro-
vided a wealth of information on the possible occurrence of this phenomenon for a large variety of metal-on-metal systems. These studies have
shown that in most cases transient mobility is absent because of a very efficient transfer of energy from the condensing atom toward the substra-
te. In a recent series of papers (G. Vandoni et al. Surf. Sci. Lett. 320, L63 (1994), C. Félix et al. Phys. Rev. B 54, 17039 (1996)) devoted to helium
scattering studies of Ag atoms diffusion on Pd(100), the extent of aggregation of atoms on the substrate at low temperatures has been explained
in terms of a new picture, the ‘neighbor driven mobility’. This consists in viewing the localized migration of an adatom around its impact point
as due to the attraction of the atoms previously adsorbed. Here we address this issue by molecular dynamics simulations of the system Ag/Pd(100).
Our results indicate that the lateral mobility of an adatom is enhanced when a neighbor is found close by, in a way which is strongly dependent
on the diffusion barrier.

MATHEMATIC SIMULATION OF HEAT AND MASS TRANSFER AT GAS EPYTAXY OF GaAs BY MOCVD PROCESS,

V.G Minkina, Heat & Mass Transfer Institute Belorussian Academy of Sciences, 15 P.Brovka St., Minsk 220072, Belarus

Heat and mass transfer is examined during the deposition of epitaxial GaAs layers from a gas mixture of trimethylgallium (TMG) and arsine in
a vertical reactor with a substrate holder made in the form of a frustum of a pyramids. Heat and mass transfer in the deposition zone is described
by the system of partial differential equations of the conservation of continuity, momentum, energy and mass of components. These equations are
solved together with the equations of detailed chemical kinetics of heterogeneous and homogencous reactions. The dependencies of the physical
properties of the gas mixture on composition, temperature and pressure in the reactor are taken into account. Epitaxial layers of GaAs were grown
by the pyrolysis of arsine and TMG, using hydrogen as the carrier gas. There is information that hydrogen replacement with nitrogen enables one
to obtatn better epitaxial films. In this relation, the matter of inert gas (nitrogen or argon) effect on epitaxy process is of interest and is the main
subject of investigations in the present work. Initiation of nitrogen (argon) solvent-gas reduces the component diffusion coefficient and conse-
quently the layer growth rate. And the depletion of gas mixture is slowed down, which explains a considerable improvement of growth rate dis-
tribution uniformity on the deposition surface. Changing the inert gas concentration, we can control the growth rate and achieve the uniformity
of the thickness of the films built up on all substrates. The approximate formulas are obtained to calculate the given process occurring at diffe-
rent Re numbers, concentrations of initiated components and solvent-gas and geometry of reaction channel.

CALCULATION OF MISFIT DISLOCATION DISTRIBUTION AT THE INTERFACE OF FILM AND SUBSTRATE WITH
DIFFERENT ELASTIC MODULI, A.S.Polkovnikov, D.V.Shantsev, Ioffe Physico-Technical Institute, 26 Polytechnicheskaya,
194021 St. Petersburg, Russia .

This work present theoretical investigation of the distribution of misfit dislocations in heteroepitaxial films. We calculated elastic stresses in the
film of finite thickness and finite width grown on a lattice-mismatched substrate, taking into account stress relaxation on the film edges. A spe-
cial case of different elastic moduli of the film and the substrate has been considered. For this case the equilibrium position of misfit dislocations
is shown to be not in the interface plane. Two systems have been considered: a single misfit dislocation, and a superlattice of misfit dislocations.
By minimizing the free energy, we calculated the distance from the interface where a single dislocation is formed. Also we determined the criti-
cal thickness of the film as a function of lattice mismatch and elastic moduli. Further, the equilibrium period of a superlattice of misfit disloca-
tions has been calculated. Relevance of these theoretical findings to existing experimental results on epitaxial growth on lattice-mismatched sub-
strates is discussed.

A MODEL OF COUPLED DIFFUSION OF IMPURITY ATOMS AND POINT DEFECTS IN THE VICINITY OF SEMICON-
DUCTOR- SEMICONDUCTOR INTERFACE, O.1I. Velichko, Belarusian State University of Informatics & Radioelectronics, 6,
P.Brovki Street, 220027 Minsk, Belarus and A.K. Fedotov, Belarusian State University, 4, F.Skarina avenue, 220050 Minsk,

Belarus

On the basis of nonequilibrium thermodynamics a model of transport processes and quasichemical reactions of particles in semiconductor crys-
tals was developed and a set of generalized diffusion equations was constructed. This set of equations describes impurities and intrinsic point
defects diffusion processes in the vicinity of semiconductor-semiconductor interface under conditions of nonequilibrium state and nonuniform
distributions of impurity-defect system components. It was assumed that impurity diffusion occurred by formation, migration, and dissociation of
impurity atom - intrinsic point defect pairs. A local equilibrium between impurity atoms, intrinsic point defects and their pairs was supposed. The
influence of internal stresses and electric field on the pairs and point defects transport processes was taken into account. The comparison with
expder}mental data concerning interface disordering in InGaAs/InAlAs structures under thermal annealing confirms the adequacy of the proposed
model.




SYMPOSIUM B

Nanoparticles and Dots

B-111/P1

B-111/P2

B-II1/P3

B-1I1/P4

B-1IL/P5

B-III/P6

MAGNETOSTATIC CONTRIBUTION TO UNIAXIAL MAGNETIC ANISOTROPY CONSTANT OF INHOMOGENEOUS
NANOSTRUCTURE FILMS, K.Yu. Guslienko, Institute for Magnetism, ave Vernadskogo 36b, Kiev-142, Ukraine

Explanation of induced magnetic anisotropy is actual problem in physics of magnetic films. One of possible sources of this anisotropy is dipole-
dipole coupling of magnetic moments. Magnetostatic coupling in inhomogeneous nanostructure granular, multilayer etc. films is considered and
magnetostatic contribution to uniaxial (perpendicular) magnetic anisotropy constant is calculated for different types of the magnetic inhomoge-
neties on the nanometer scale within strong exchange coupling limit. Developed approach is applicable to the magnetic films with columnar, gra-
nular, multilayered and more complex microstructure. In particular, a regular 2D, 3D arrays of ferromagnetic particles in a nonmagnetic matrix
and randomly spaced magnetic phases with fixed volume concentration are considered. The typical case of magnetic inhomogeneity such as a
film consisting of two mixed magnetic phases with different magnetizations is analyzed in details. Calculation of the magnetostatic coupling is
especially actual for granular films and multilayer films because it effects on giant magnetoresistance in these systems. For inhomogeneous
magnetic films it is calculated a general expression of the anisotropy constant induced by dipole-dipole interaction. This expression does not
depend on details of the magnetization distribution within the film but depends on such easily measured parameters as average magnetization of
the film and it dispersion. Calculation of magnetostatic energy of an inhomogeneous film and corresponding anisotropy constant allows imme-
diately to connect magnetic and structure characteristics of the film.

RAMAN VERSUS INTERBAND ABSORPTION IN GE QUANTUM DOTS, A. Stelia and P. Tognini, Universita di Pavia, Italy;

C.E. Bottani and P. Milani, Universita di Milano, Italy; P. Cheyssac and R. Kofman, Université de Nice Sophia Antipolis, France
The non-wetting (or partially wetting) character of Ge with respect to Al,05, SiO, SiO, allows to obtain Ge nanocrystals in a wide size range
from 10 nm down to 1 nm, a relatively low size dispersion and regular shape, embedded in an amorphous matrix. A key aspect of the sample pre-
paration is represented by the fact that the substrate temperature allows the deposition of the Ge film in the liquid state, so that the shape of the
agglomerating nanocrystals is essentially modeled by the surface tension, before solidification through a slow cooling

The growth, which is essentially based on self organisation processes, will be illustrated in this communication together with the main data concer-
ning both interband absorption above the gap and Raman spectroscopy, i.e.:

- a detailed inspection of the optical absorption spectra (from about 1 eV to about 5 eV) versus size gives evidence of the different nature of the
quantum behavior of E| with respect E,.

- Raman spectroscopy (through the I" point scattering peak evolution) gives the possibility of comparing phonon and electron confinement.

MORPHOLOGY AND OPTICAL PROPERTIES OF SILICON NANOSTRUCTURES GROWN ON DIELECTRICA,

M. Andersson, A. Iline and F. Trager, Fachbereich Physik, Universitdt Kassel, Heinrich-Plett-Str. 40, 34132 Kassel, Germany
Nanostructures of silicon are grown on dielectric substrates, e.g. CaF,(111), by atom deposition and self-assembly. The morphology of the for-
med structures is characterised with scanning force microscopy under ambient conditions and the optical properties are characterised by the
extinction in the visible and UV-wavelength range. The deposition and growth parameters, temperature, atom flux and deposition time, are varied
and especially the substrate temperature (T) has a great influence on the character of the Si nanostructures. At T below ~700K, the deposited atoms
form a rough film and, at higher temperatures, clusters with diameters up to approx. 50 nm depending on T and deposition time. The optical
extinction spectra from the film samples show a maximum at A~320 nm, whereas the clusters samples have an almost monotone increase in
extinction with shorter wavelengths. Comparisons are made with spectra calculated for Si films and particles (Mie-theory), and there is a good
qualitative correspondence with what is expected from samples with films and clusters, respectively.

THE STUDY OF DIAMOND AND DIAMOND-LIKE STATES IN THE NANOMETRIC REGION OF THICKNESS,

M.N. Petukhov and A.P. Dementjev, RRC Kurchatov Institute, Kurchatov square, Moscow 123182, Russia

Now it becomes evident that further technological advancement in such challenging areas as nanostructure production on the basis of diamond
films requires a detailed understanding of the chemical reactions on the surface responsible for nucleation and growth. Auger Spectroscopy has
information depth of few monoatomic layers and is capable of yielding information concerning the chemical state of atoms in the near-surface
region of a solid. The C KVV Auger line shapes for graphite (sp2 hybridization) and diamond (sp3 hybridization) have different characteristic
features and are usable to identify sp2 and sp3 states of carbon atoms. Obviously, AES is preferential method to investigate carbon nucleation at
early stage of diamond-like films growth and chemical interaction on the surface of the films.

We have developed photoelectron spectroscopy (XPS) and X- ray-excited Auger electron spectroscopy (XAES) for identification and separation
of sp2 and sp3 bonds. The sp2—sp3 conversion of carbon under chemical reaction with O and H atoms have been experimentally found on the
surface of growing film during CVD process. The sp3- hybridized carbon atoms due to C-C bonds from sp3 states due to C-O bonds have been
separated.

STRUCTURAL AND OPTICAL STUDIES OF CdS NANOCRYSTALS EMBEDDED IN SILICON DIOXIDE FILMS, A.G.
Rolo(1), 0. Conde(®, M.J.M. Gomes(1), M.S. Belsley(l) and M.P. dos Santos (1), (DUniversidade do Minho, Dep. Fisica, 4709

Braga Codex, Portugal, )Universidade de Lisboa, Dep. Fisica, Ed. C1, Campo Grande, 1700 Lisboa, Portugal

In this work we report on structural and optical spectroscopy studies (X-ray diffraction analysis, Raman, absorption and photoluminescence) of
CdS nanocrystals with mean radius value in the range 22 X to 50 A, embedded in SiO, glass films grown by using the magnetron rf-sputtering
technique. The absorption spectra exhibited a marked blue shift of the absorption band edge by 300 meV which was attributed to a quantum confi-
nement of electrons and holes in the CdS crystallites. The fluorescence spectra show a narrow emission peak whose maximum position agrees
closely with the value found for the absorption-edge of the corresponding nanocrystals, indicating that the origin of this emission is direct elec-
tron-hole recombination in the first quantized conduction-to-valence energy levels. The influence of size confinement effects on the vibrational
spectra of nanocrystals was studied by analysing the 1 LO Raman peak.

SURFACE INVESTIGATIONS OF NANOSTRUCTURED POROUS SILICON, P.V. Galiy, T.I. Lesiv, L.S. Monastyrskii, T.M.

Nenchuk, I.B. Olenych, Physical Department, Lviv State University, 50 Dragomanov Str., 290005 Lviv, Ukraine

The additive methods: Auger spectroscopy (AES), PTSEE, ellipsometry and photoluminescence method have been applied for study of por-Si
surface The por-Si PTSEE spectra have been studied dependently on porousity degree in the temperature range T=300+650K and photostimu-
lation in range A=260+400 nm. All obtained layers of por-Si had photoluminescent properties stimulated by nitrogen gas laser (337nm) excita-
tion even at room temperature. The changes of refraction index on por-Si samples were studied by ellipsometry in dependence of porous degree
(0+60%) on wave length of He-Ne gas laser (632nm). The quantitative AES analysis by method of pure standards with matrix corrections gives
evidence that real surface layer contains mixture of silicon oxides SiO, and carbon atoms (C)-system SiO,C, on por-Si surface. The obtained thick-
ness «adsorbatesy» films SiO,C, was equal 0,31+0,61 nm. The correlation between porous degree of por-Si and PTSEE glow curve structure was
established. The emissively active centres were indentified and their concentration and other kineticts parameters of PTSEE processes were cal-
culated in the result of PTSEE spectra analyses. The influence of «adsorbate» and oxide layers on PTSEE was studied.
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RAMAN CHARACTERIZATION OF MBE GROWTHED ARRAY OF QUANTUM WIRES ON FACET (311) SURFACE OF
GaAs, M.D. Efremov, V.A. Volodin, V.Ya. Prinz, V.V. Preobrazhenski, B.R. Semyagin, Institute of Semiconductor Physics

Siberian Branch of RAS, pr. Lavrentjeva 13, Novosibirsk 630090, Russia

Raman technique was applied to study phonon spectra of superlattices grown on facet surface of GaAs (311). Regular corrugation of the interfa-
ce was expected to bring peculiarities in the phonon spectra with thinning of GaAs layer. Damping of GaAs- like optical phonons within approxi-
mately one monolayer of surrounding AlAs was believed to give an appropriate tool for testing of interlocking of facets and forming of quantum
wires. A set of superlattices was grown on f, 11)A GaAs surface with buffer layers of GaAs and AlAs. The thickness of GaAs layers for different
samples was varied from 21A down to 8.5A at constant thickness of AlAs layers of 27A. The thickness of layers was determined by growth time
calibrated by RHEED oscillations for the case of control growth of the same thickness on (100) surface of GaAs. Using selection rules for (311)
oriented surface, different polarization geometry of Raman scattering was applied to study behavior as longitudinal phonons as transverse opti-
cal phonons with phonon polarization along and transverse to the direction of quantum wires.

For thick layers of GaAs a decreasing of localized phonon frequencies was observed with reduction of the layers thickness similar to (100) orien-
ted superlattices. With further reduction of the average layer thickness below 15A threshold an increasing of localized phonon frequencies was
detected for the first time. The increasing was explained to be reasoned by interlocking of AlAs facets and forming of GaAs wires, what leads to
quantatization of phonons in quantum wires and correspondent increase of phonon frequencies. Calculation of phonon frequencies for two dimen-
sional chains gave the values in quantitative agreement with experimental ones. Observation of the interlocking at threshold of 15A supports
model of corrugated surface of (311) GaAs with height of facets about 10.2A. A splitting of TO localized modes with phonon polarization paral-
lel and transverse to the direction of quantum wites was observed. The splitting increased monotonically with reduction of the GaAs layer thick-
ness. Anisotropic properties of transverse phonons support the presence of corrugation of GaAs/AlAs interface and formation of quantum wires.

RECONSTRUCTION OF THE SI-TERMINATED B-SiC (100) SURFACE, L. Pizzagalli, IPCMS-GEMME, 23 Rue du Loess,
67037 Strasbourg, France, and C. Joachim, CEMES, 29 rue J. Marvig, 31055 Toulouse, France and A. Mayne, G. Dujardin, PPM,
Université de Paris-Sud, 91405 Orsay, France, and P. Soukiassian, F. Semond, L. Douillard, CEA, DSM-DRECAM-SRSIM,

91191 Gif-sur-Yvette, France

SiC is presently a widely studied material because of its interesting properties in various technological domains such as electronic or biotechno-
logy. Up to now, there are some discrepancies between experimental or theoretical works for the caracterization of the structure of clean Si-ter-
minated surfaces. We present here experimental and calculated images of Si-terminated (100) surfaces. The STM experimental images show a Si-
dimer resolution and a c(4x2) reconstruction with a long range order. We calculate STM ima,ges of several different surface structures with the
Electron Scattering Quantum Chemistry technique and compare with the experimental ones. It is found that a structure forming a c(4x2) pattern,
with alternating up and down dimers aiong the dimer rows, is the best candidate for agreement with the experience.

AFM/STM CHARACTERISATION OF NANOSTRUCTURES, V.A. Fedirko, M. D. Eremtchenko, Moscow State University of
Technology “Stankin”, 3a Vadkovski per, Moscow 101472, Russia; O.1. Khrykin, Institute for Physics of Microstructures Russian
Academy of Science, Nizhnii Novgorod 603600, Russia; V.R. Novak, S.L. Vorob’eva, Research Institute of Physical Problems,

Zelenograd, 103460 Moscow, Russia

We report on the combined atomic force microscopy and scanning tunnelling microscopy (AFM/STM) investigation of surface nanostructures.
C,, fullerene molecular layers have been studied. Fullerene layers were formed on a highly oriented pyrolithic graphite wafer by two different
Shoefer deposition technique: from surfactant-fullerene mixture and fullerene-indopane adsorption. Scanning tunnelling microscopy shows the
regular one-monolayer molecular surface structure for the samples prepared by the Shoefer technique. Local tunnelling electron spectroscopy
measurements through the monolayer may be interpreted in terms of the Coulomb-blockade effect. Samples with fullerene-indopane adsorbed
layers have cluster structure as revealed by STM and AFM.

InGaAs dot heterostructures on GaAs surface have also been studied using AFM tapping mode of operation. Phase contrast technique enables to
distinguish domains of different chemical composition. The results obtained in different AFM modes are compared with one another and with
transmission electron microscopy (TEM) images. Spatial Fourier-transform analysis is applied to the images for revealing structure regularity.

Semiconductor Interfaces and Quantum Wells

B-V/P1

B-V/P2

FORMATION OF EPITAXIAL HoSiy LAYER ON Si(100) SUBSTRATE, G. Petd, Z.E. Horvath, E. Zsoldos, N.Q.Khanh, G.L.
Molnar, J. Gyulai, KFKI Research Institute for Materials Science, 1525 Budapest, P.0.Box 49, Hungary and J. Kanski, Phys.

Dept. Chalmers Univ. of Technology, Goteborg, 41296, Sweden :

The condition of epitaxial rare-earth silicides on Si(100) substrate is rather unknown and in some cases, e.g., at HoSi, case the existence of epi-
taxial growth has not been reported yet.

5 nm thick Ho film was deposited onto relaxed Si(100) 2x1 surface in 10-10 Torr pressure at room temperature of the substrate. The HoSi, layer
was grown in situ by solid phase reaction at different temperatures. The epitaxial growth was monitored by LEED and Angular Resolved
Photoemission (ARUPS) in situ and the as-grown film was measured by X-ray Diffraction (XRD), TEM and Rutherford Backscattering (RBS).
At 500°C, only Si-Ho reaction was detected without any epitaxial feature, at 700°C annealing a clear but not sharp LEED pattern was observed
together with angular dispersion of ARUPS. XRD showed clear epitaxial HoSi, with relatively large full width at half maximum (FWHM).
Electron diffraction confirmed the epitaxial film but RBS channelling showed only slight reduction of Ho signal. These observations could be
explained either by strained epitaxy and/or maybe by existence of epitaxial grains misoriented with 0.5-5 degree.

Further annealing at higher temperature (above 800°C) the decomposition of the HoSi, film was observed with all experimental methods.

PROPERTIES AND STRUCTURE OF THE FILMS RECEIVED BY THE LASER EVAPORATION IN THE CONDITIONS OF
THE STATICAL VACUUM, S.Y. Paranchych, B.M. Grytsyuk, S.V. Nichiy, O.S. Romanyuk, Z.P. Tsaliy, Chernivtsi State
University, 2 Kotsyubinsky Str., 274012 Chernivtsi, Ukraine

The methodology of the fabrication of the films by the method of laser evaporation in the conditions of the statical vacuum (= 10-8 torr) is wor-
ked out in the present work and the results of the research of the crystallinity structure, the electrical and photoelectrical propeties of the films
Cd,Hg,_,Se and CdSb are presented here.

The fabricated films CdxHgl-xse on the mica bases and NaCI possessed n-type conductivity with the concentration of the carriers (2+5)1018cm
3. The lowtemperatural annealing in the vapour of Se diminishes the concentration of the carriers to 10'7cm3 and in that time the mobility at the
T=300 K exceeds 103cm2/vsc. The electron diffractometry investigation of the structure showed that the fabricated films were grain-oriented.
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PHYSICAL PECULIARITIES OF SINGLE-CRYSTAL IV-VI THIN FILMS GROWTH ON POROUS SILICON S.P. Zimin,
M.N. Preobrazhensky, D.S. Zimin, E.P. Komarov, Yaroslavl State University, Sovetskaya str. 14, 150000 Yaroslavl, Russia and

LV.Saunin, St. Petersburg Electrotechnical University, Prof. Popov str. 5, 197376 St. Petersburg, Russia

Obtaining single-crystal semiconductor layers on relief surface with micro- and nanopores is an important task when creating devices on the base
of low-dimensional structures with porous silicon (PS). PbTe film growth on the PS surface with various porosity and pores morphology was stu-
died in this work. Initial single-crystal silicon had [100] and [111] orientation and was doped by P, B or Sb. Microporous and nanoporous PS
layers were formed by anodic electrochemical etching technique. Structural characteristics of PS surface and lead telluride film were studied by
electronic, optic and acoustic microscopy and by X-ray diffractometry. It is proved that under certain conditions of Hot Wall technique and
vacuum deposition one can obtain continuous single-crystal PbTe films with good electrophysical parameters. Basic orientation of PbTe films
corresponded to the [100] direction. Film growth processes on pores were studied, influence of plasxa-chemical treatment of PS surface on struc-
tural characteristics of lead telluride layers was examined. :

ANALYSIS OF TWO-PHOTON ABSORPTION IN ORGANIC AND INORGANIC QUANTUM WELLS IN A MICROCAVI-
TY, B.S. Monozon and E. Hartung, Dept. of Physics, Marine Technical University, St.Petersburg, Russia; Dept. of Chemistry,
University of North Carolina at CH, USA

The analysis of the magneto-optical properties of the organic and inorganic quantum wells (QW) structures will be presented. An analytical model
in which the organic and inorganic QWs with resonant Frenkel and Wannier-Mott excitons lie in the center of a single microcavity (MC) on a dis-
tance d << 1 is developed [1]. A method of approximate solution is suggested for the QWs structures using the system of Schrodinger equations
describing the exciton-exciton interaction in the presence of a magnetic field. Application of a magnetic field allows us to distinguish this featu-
re from hybrid Frenkel-Wannier-Mott excitons and evidence its biexciton nature. In the two-band approximation for orientations of the magnetic
field close to the boundary of the finite magnetic quantization cone analytic expressions depending explicitly on the QWs system parameters are
obtained for oscillator strength of the transitions. It is shown that the optical absorption spectrum has a biexcitonic effect.

[1] V.M. Agranovich, R.Anatasov, F.Bassani, Solid State Comm. 92, 295, (1994).

DOPED WITH Ga PbTe THIN FILMS ON Si SUBSTRATES, Y.A. Ugai, AM. Samoylov, A.V. Tadeev, Y.V. Synorov,

O.B. Yatsenko, Voronezh State University, Universitetskaya Sq., 394693 Voronezh, Russia

Heterostructures on foreign substrates formed from AIVBVI materials have been attracting great interest both for their fundamental electronic pro-
perties and for applications to infrared lasers and detectors. Infrared photoconductivity of both undoped and doped with Ga PbTe thin films on Si
high ohmic substrates without anyone buffer layer deposited by modified «hot wall» technique using the thermal evaporation of the elements from
separate sources has been studied by IR spectrometer at temperature interval 4 - 300 K.

For further doping procedure have been chosen PbTe/Si films with p-type of conductivity and charge carrier concentration of about 1016-1017 cm-
3 at 77 K. The do-ping procedure of PbTe layers has been performed by annealing under different pressure of Ga2Te molecules in vapour phase.
The doping procedure always has led to decrease hole concentration and conversion the type of conductivity of PbTe samples from p to n in some
cases depending on the real experimental conditions. As a result for Ga doped PbTe/Si films charge carrier concentration may approach almost
intrinsic values of about 10'3-1014 cm-3 at 77K. These doped with Ga PbTe films had a good infrared sensitivity at temperature range 4-200 K
and two impurity levels with activation energy E,=0.045 and E,=0.105 eV.

CRYSTAL MICROSTRUCTURE OF PbTe THIN FILMS ON Si SUBSTRATES, Y.A. Ugai, A.M. Samoylov, E.A. Dolgopolova,

M K. Sharov, Voronezh State University, Universitetskaya Sq., 394693 Voronezh, Russia

From the practical point of view the investigation of the microstructure of PbTe/Si thin films seems to be very important because the real para-
meters of IR detectors would depend from PbTe/Si heterostructures crystallinity perfection. The mirror-smooth surface PbTe thin films (thickness
was about 0.5-7 pm) were deposited directly on (100) Si high ohmic substrates without anyone buffer layer by modified «hot wall» technique
using the thermal evaporation of the elements from separate sources. The crystal micro-structure of PbTe thin films has been studied by etching
pits method, SEM, RHEED and by X-ray analysis which is able to determine the X-ray rocking curve profiles and line width with the high pre-
cision.

It has been established that these PbTe/Si thin films have mosaic single-crystal structure with average crystalline dimension of about 2-10 pm in
diameter and (100) texture without regard to the Si substrate orientation. The investigation of PbTe/Si thin films dislocation density by etching
pits method and by the analysis of x-ray reflection profiles show the average values of about 105-106 cm2. The experimental data which have
been obtained by these methods are in a good agreement.

LOW-DIMENSIONAL ELECTRON STRUCTURE FORMED ON HETEROINTERFACE OF n-n-ETEROSTRUCTURES
BASED ON PbS AND ZnCdHgTe THIN FILMS, G. Khlyap, A. Andrukhiv, M. Andrukhiv, Pedagog. Inst., Drogobych, 293720,
Ukraine .

The theoretical and experimental study of low-dimensional electron structure was carried out for epitaxial thin films n-PbS on n-ZnSe stbstrate
and n-ZnCdHgTe on n-HgCdTe substrate obtained by low temperature MBE and modified LPE technology, respectively. The wave functions for
electrons and holes and photoluminescent spectra were calculated. The luminescent spectra had maximums; their long-wave decreasing was
conditioned by electrons and holes tunneling, and short-wave one was determined by temperature.

INVESTIGATION OF KINETIC PROCESSES PULSE LASER VAPORIZATION OF CdHgTe AND MnHgTe IN THE
MAGNETIC FIELD, B. Kotlyarchuk, D. Popovych, V. Savchuk, V. Savitsky Institute for Applied Problems of Mechanics and

Mathematics, National Academy of Sciences of Ukraine, 3b Naukova Str., 290601 Lviv, Ukraine

This work is devoted to investigation spatial-time and spectral characteristics of laser erosive vapour-plasma torch formed at the time of vapori-
zation of mercury chalcogenides targets in the magnetic fields.

The laser vaporization took place in dynamic vacuum (P ~ 10-6 Torr) or in the mercury vapour (PHg=10-1-10-3 Torr). The magnetic fields of
various values (B=1-6 Tesla) and geometry was used in distance target-substrate.

The peculiarities of laser evaporation and condensation in magnetic fields are analysed to control the charge and energetic states of laser plasma.
It is determined that kinetic energy of atoms, deposited on the substrate, can be lowered and the ionisation level of evaporated substance remai-
ned at the same time under laser evaporation in magnetic fields, applied in the vicinity of evaporating target, parallel to its surface.
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NANOSTRUCTURE STUDY OF Al-BASED SPUTTER-DEPOSITED FILMS FOR LARGE SIZED LIQUID CRYSTAL DIS-
PLAY SUBSTRATE, H. Takatsuji and S. Tsuji, Display Technology, IBM Japan, Ltd, 800, Ichimiyake, Yasu-cho, Yasu-gun,
Shiga, 520-23 Japan, K. Kuroda and H. Saka, Department of Quantum Engineering, Nagoya University, Nagoya 464-01, Japan
Aluminum-based metals are expected to be increasingly used for wiring on thin-film transistor (TFT) array which forms on glass substrates,
because of their low resistance. However, with using these metals, the stress migration such as hillock and whisker generations are one of the
major concern affecting the yield loss in TFT fabrication. It is well known that a resistance to the stress migration relates to the film’s nanostruc-
ture. Nevertheless, few reports are known about nanostructure study of thin metal films on glass substrates.

In this work, various sputter-deposited Al-based thin fllms (350 nm thick ) on the LCD grade large size glass substrates (550 X 650 mm) was stu-
died by atomic force microscopy (AFM), X-ray diffraction (XRD) analysis and cross-sectional transmission microscopy (TEM), while the resis-
tance fo hillock and whisker generations was investigated by means of the nanoindentation techniques which we developed. We find the film’s
nanostructure depends on the hardware of the sputtering apparatus, the target manufacturing method and the process parameters. Some Al-alloy
thin films which were deposited by a magnet-scan-type sputtering apparatus have layered-structure, and one of them has a strong resistance to
stress migration with a novel nanostructure. The relationship between the Al-based thin films’ nanostructure with a thin under layer of high-mel-
ting point metal and the resistance of stress migration is also discussed.

EPITAXIAL GROWTH OF Fe/Tb BILAYERS ON Nb(110) /SAPPHIRE (1120), F. Richomme, J. Teillet, Laboratoire de
Magnétisme et Applications, UMR 6634, Faculté des Sciences de Rouen, 76821 Mont-Saint-Aignan Cédex, France; T.Ruckert,

W. Keune, Laboratorium fiir Angewandte Physyk, Gerhard-Mercator-Universitit, 47048 Duisburg, Germany

The rare-earth/transition metal compounds have been extensively studied because they may exhibit interesting magnetic properties for magneto-
optical recording devices.

We observed the epitaxial growth of individual Fe(110) and Tb(0001) thin films on Nb(110)/A1203(1120) by molecular beam epitaxy. For the
flrst time, epitaxial bilayers of Fe(110)/Tb(0001) on Nb(110)/A1203(1120) have béen obtained successfully. The surface crystallography has been
investigated by low-energy electron diffraction (LEED). The LEED patterns indicate a high crystalline quality. The composition and the clean-
ness of the surface was systematically checked by Auger measurements. Ex-situ large and small angle X-ray diffraction was used in order to deter-
mine the epitaxial orientation perpendicular to the plane and the film morphology (thickness, crystallite size, ...). In order to determine the opti-
mized conditions of epitaxy, the investigation was performed as a function of the deposition temperature and the thickness of layers during the
growth. The reproducible in-plane epitaxial relationships will be described for each type of deposition. All the results will be quantitatively ana-
lyzed, correlated and interpreted. .

EPITAXIAL GROWTH AND PATTERNING OF SPUTTERED Fe FILMS ON GaAs(001), S. Kreuzer, G. Bayreuther and

D. Weiss, Institut fiir Experimentelle und Angewandte Physik, Universitéit Regensburg, 93040 Regensburg, Germany

Fe(001) films, 10-100 nm thick, were epitaxially grown by magnetron sgputtcring on GaAs(001) and on 100 nm thick Au(001) buffer layers on
GaAs(001) in an UHYV based sputtering system (base pressure < 5 x 10 mbar). Epitaxy of Au was ~ahieved by using a 1- 5 nm thick Fe seed-
layer. The growth rates at a power of 1.3 W/cm? and an Ar pressure of 4.8 x 10- mbar were 0.35 nm/s and 0.072 nm/s for Au and Fe, respecti-
vely. In-situ ion etching of the substrate at a temperature around 500°C proved to be essential for epitaxial growth. Excellent epitaxy is inferred
from X-ray diffraction and magnetic anisotropy of the films. From X-ray ¢-scans the epitaxial relationships Fe[100]|GaAs[100] and
Fe[100]|Au[110] were determined. Magnetic measurements by vibrating sample magnetometry show a distinct fourfold in-plane anisotropy with
the anisotropy constant of bulk Fe. Holographic lithography and ion beam etching were used to pattem the films. Square arrays of dots with per-
jods of 1pm, dot widths of 400 nm and different heights were made. Magnetization measurements show a clear change in the magnetic proper-
ties of the films dominated by the shape anisotropy of the dots. The magnetization reversal process is additionaly studied by magnetometric and
microscopic techniques.

INFLUENCE OF DEPOSITION RATE ON THE STRUCTURE OF THIN METAL LAYERS, P. Haier, N. Esser, W. Richter, TU
Berlin, Inst. f. Festkorperphysik, Sekr. PN 6-1, Hardenbergstr. 36, 10623 Berlin, Germany; B. Hermann, K. Liiders, FU Berlin,

Inst. f. Experimentalphysik, Arnimallee 14, 14195 Berlin, Germany

It is widely recognized that the growth morphology of thin metal layers depends strongly on the substrate choice and the temperature. We will
show here that the deposition rate can also drastically influence the structure and morphology of the layers. This is illustrated for Sb on GaAs(l
10). Layers with a nominal thickness of 30 ML were deposited with varying deposition rates (10 to 0,03 ML/min.) on substrates kept at room
temperature. Characterization techniques employed are Raman scattering, Low Energy Electron Diffraction and Scanning Probe Microscopy.

In the larger part of the range of deposition rates, the thombohedral phase of Sb is obtained. Lowering the deposition rate generally results in lar-
ger grain sizes and rougher surfaces. However, in a very narrow range of deposition rate we found a growth mode of Sb which is similar to the
pseudocubic phase [1]. This phase was found so far only for thicknesses below 15 ML after annealing at 150°C.

[1] N. Esser, M. Kopp, P. Haier, W. Richter, Journal of Electron Spectroscopy and Related Phenomena, 64/65 (1993) 85
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LEED, AUGER AND SYNCHROTRON X-RAY DIFFRACTION STUDIES OF THIN Co AND Pt,Coj_, ALLOY FILMS ON
Pt(111), R. Baudoing-Savois, M. De Santis, P. Dolle, Y. Gauthier and M. C. Saint Lager, CNRS Laboratoire de Cristallographie,

Associé a I’Université J. Fourier, BP 166, 38042 Grenoble, France

Co films of thicknesses between submonolayer range and about 10 monolayers(ML) were grown on Pt(l 11) at room temperature, by means of
an electron bombardment Omicron source.

For all coverages, the LEED diagrams are of good quality. Between 1/8 ML and 5 ML we observe satellites arranged in hexagons: they are cen-
tered respectively around the Pt spot positions at low coverage, and around the unrelaxed «bulk» Co spot positions above = 3ML. X -ray scans
in the [0kO0], [h00] and [hk0] directions exibit also satellites, confirming a non pseudomorphic epitaxial growth. Intensity oscillations of the X-
ray specular beam favour a layer by layer growth model and allow calibration of the deposition rate, consistent with our previous Auger results.
LEED and Auger data evidenced two different alloy states depending on the annealing temperature (up to 360°C or up to 430°C) which were then
analysed in more details by synchrotron X-ray measurements. An oscillatory composition profile is evidenced in the top layers, similar to what
happens at the surface of bulk PtCo alloys. In-situ real time X-ray measurements during annealing allowed to follow the changes of the alloy film
parameters: lattice, thickness, interface rougness and average concentration; these results will be presented and discussed.

EPITAXIAL GROWTH OF VERY THIN FILMS OR RARE-EARTH ON YTTRIUM (0001), N. Witkowski, F. Bertran,
B. Kierren, J. Eugéne, T. Gourieux, and D. Malterre, Laboratoire de Physique du Solide, BP 239, 54606 Vandoeuvre-les-Nancy,

France

In this communication, we present a structural study of ultra-thin films of light Rare-Earth (La and Ce) deposited on Yttrium(0001). Depositions
at different temperatures from room temperature to 300°C, lead to an epitaxial growth as demonstrated by Reflection High Energy Electron
Diffraction (RHEED). The growth mode was characterized by Auger spectroscopy and shows a layer by layer growth mode in this temperature
range. These measurements were completed by atomic-scale characterization achieved by Scanning Tunneling Microscopy.

These results open now the possibility of obtaining very well characterized single crystals of Ce and La by growth of thick films.

STRUCTURAL PROPERTIES OF ELECTRODEPOSITED Co/Cu MULTILAYERS, H. El Fanity(l), K. Rahmouni(?), M.
Bouanani(1), A. Dinia(®), G. Shmerber(?), C. Mény(®), P. Panissod®) and A. Berrada (1), (DFaculté des Sciences, BP 1014 Rabat,
Maroc; (Z)IPCMS~GEMM, UMR 46 CNRS ULP, 23 rue du Loess, 67037 Strasbourg, France

The elaboration of magnetic multilayers by the electrodeposition technique has recently stimulated new interest. The advantage of this techniques
is that, compared to high or ultrahigh vacuum techniques, the required experimental set-up is considerably simpler and cheaper. Co/Cu multi-
layers have been grown by electrodeposition in a single electrolyte bath based on CoSO,, HyBo; and CuSo,. X-ray difraction performed on these
multilayers have shown polycrystalline fcc structure of both Co and Cu layers with preferential (111) texture. Nuclear Magnetic Resonance spec-
trum has been recorded at 4.2 K on [Co6nmCu4nm]25 and has shown a resonance line at 216 Mhz which confirms the fcc structure of Co layers.
The preliminary analysis of the spectrum shows first that the Co layers are not pure and contain approximately 1% of Cu, second that the inter-
faces are of good quality. Resistivity measurements performed on this sample presents a giant magnetoresistance effect of about 4% at room ttem-
perature.

INTERFACE STRUCTURE OF MBE GROWN Fe/Cr SUPERLATTICES WITH NON-COLLINEAR MAGNETIC ORDE-
RING, V.V. Ustinov, T.P. Krinitsina, V.A. Tsurin, V.I. Minin, Institute of Metal Physics, Russian Academy of Sciences, 620219

Ekaterinburg, Russia

Recently we have reported peculiarities of Fe/Cr superlattices magnetoresistance resulting from the non-collinear magnetic ordering of Fe layers
[1]. In the present work the results of microstructure investigations of these materials and the data on Mdssbauer spectroscopy study of the layers
and interfaces structure are analysed. The measurements were performed on Fe/Cr superlattices, grown by molecular-beam epitaxy on MgO and
Al,O4 substrates, with various 37Fe and Cr layers thickness. Electron microscopy investigations showed that these superlattices represent pseudo
single crystals consisting of column morphology blocks with low-angle boundaries. As the layer thickness increases the superlattices become
more perfect. The Méssbauer spectroscopy showed that in our superlattices the layers interface is in fact a transition region (layer) of = 9A thick-
ness, whatever Fe and Cr layers thickness. The feature of this region is that the most of Fe atoms in it have an environment characteristic of solid
solution of equiatom composition. Spectra parameters also suggest that the interlayer regions are ferromagnetic, their magnetic moment being
directed at some angle relative to Fe layers plane. Kinetics of the non-collinear superlattice growth is discussed.

[1] V.Ustinov et al., JETP, 109, 477 (1996), Phys.Rev.B, 54, 15958 (1996).

DEPOSITION TEMPERATURE INFLUENCE ON THE EPITAXIAL GROWTH OF IRON ON (110) Nb, A. Mougin, C.
Dufour, S. Andrieu, K. Dumesnil, Ph. Mangin, G. Marchal, V. Oderno, L.P.M., U. H.P.-Nancy 1, BP 239, 54506 Vandoeuvre

Cedex, France

Iron has been deposited on a (110) niobium single crystal film by molecular beam epitaxy. At room temperature and at 200°C, oscillations of the
RHEED intensity show evidence of a layer by layer growth. After a deposition of 20A of iron, the RHEED patterns are characteristic of (110)
iron with a parameter very close to the bulk value despite the 15% mismatch between bulk iron and niobium parameters.

When we annealed this film at 400°C, the RHEED patterns change and become characteristic of a rectangular surface lattice (7A x 4.8A) pre-
senting twins related by a 110° rotation about the normal to the surface. From Auger spectroscopy, the surface is made of a Nb-Fe alloy.

When 20A of iron are deposited at 500°C on (110) niobium, the same surface alloy is obtained, without twins in this case.

THERMAL STABILITY OF ULTRATHIN AL-FILMS AND AL-CLUSTERS, R. Groger(l), X. Hu(®, W. Schommers(1), D.H.
Shen(z), M. Barczeswki(D), A. Berlinger(l) and P. Von Blanckenhagen(l), (I)Forschungszentrum Karlsruhe, Institut fir
Materialforschung, Postfach 3640, 76021 Karlsruhe, Germany; (2)On leave from Institute of Physics, Chinese Academy of
Sciences, Beijing, China

Al-nanostructures are of technological and fundamental interest in connection with different possible applications, e.g. for creation of conducting
lines and single electron transistors.

Al-layers have been produced by molecular beam epitaxy and Al-clusters by local Al-deposition with a scanning tunnelling microscope (STM).
The structure of ultrathin Al-layers grown on Si(111) in UHV as a function of temperature and coverage have been studied by low and high ener-
gy electron diffraction (LEED and RHEED). A 3-Phase consisting of nanometer-scale clusters has been observed in the coverage range of 1 to 2
monolayers. By application of the STM- field evaporation method individual Al-clusters have been created and deposited at programmed posi-
tions on Si(l 11) surfaces in UHV and on hydrogen-passivated Si(lll)surfaces in air. The structure of the Al-clusters were analysed by temperatu-
re dependent STM and scanning force microscopy measurements. The structure and dynamics of Al-clusters will be discussed in relation with
molecular dynamics calculations performed for a realistic interatomic pair potential for Al.




SYMPOSIUM B

B-VI/P11

B-VI/P12

B-VI/P13

B-VI/P14

INVESTIGATION OF THE SURFACE MORPHOLOGY OF A EXCIMER VUV LAMP-INDUCED DECOMPOSITION OF
PALLADIUM ACETATE FILMS FOR ELECTROLESS COPPER PLATING, J.-Y. Zhang and LW. Boyd, Department of
Electronic and Electrical Engineering, University College London, Torrington Place, London WCIE 7JE, UK

Excimer UV lamp-induced decomposition palladium acetate films was performed by using novel excimer UV argon and xenon sources which
emit radiation peaking at wavelength of 126 and 172 nm, respectively. UV irradiation of a substrate treated with the palladium acetate results in
the formation of palladium, which acts as an activator for copper plating by means of an electroless bath. A selective copper pattern can thus be
formed in a simple process by means of patterned VUV irradiation using a contact mask. The surface morphology of excimer UV lamp-induced
decomposition palladium acetate films on silicon substrates was investigated using an atomic force microscope (AFM) and a scanning electron
microscope (SEM). The exposure conditions were found to affect the morphology of the activation layer and the density of the palladium cata-
lyst. The selective electroless copper deposition exhibited good adhesion. The electrical resistivity of the electroless copper was measured by four-
point probe and found to be a function of the thickness of palladium. The morphology of the copper layers was also investigated with SEM. The
edge of the copper line is remarkably sharp without any metal particles in the surrounding areas that are often present at lines written by focused
laser. This UV-induced low temperature metal deposition can provide a particularly attractive approach for the manufacture of thin film micro-
circuits and devices.

GROWTH AND GIANT MAGNETORESISTIVE BEHAVIOUR IN LaCaMnO/LaStMnO TRILAYERS BY PULSED LASER
DEPOSITION, W. Zhang and I.W. Boyd, Department of Electronic and Electrical Engineering, University College London,
Torrington Place, London WCI1E 7JE, UK; M. Elliott and W. Herrenden-Harkerand, Department of Physics and Astronomy,
University of Wales, Cardiff, Cardiff CF2 3YB, UK

Giant magnetoresitance (GMR) effects in metallic multilayer/granular systems have been known for several years. The recent discovery of colos-
sal magnetoresistance (CMR) effects in doped perovskite-type La-Mn-O films grown on LaAlOj substrates by pulsed laser deposition (PLD), has
stimulated even more interest especially for potential magnetic recording applications. Perovskite-type. manganese oxides exhibit ferromagnetic
ordering in the a-b plane and antiferromagnetic ordering along the c-axis, below the Neél temperature. The ferromagnetically ordered Mn-O
monolayer, provides a similar situation to that for metallic multilayers.

In this paper, the growth of LaCaMnO/LaSrMnO trilayers by PLD on Si (100) substrates using a Nd:YAG laser operating at 266nm is reported.
The La-Sr-Mn-O layer was chosen due to its high Curie temperature and expectations for improved magnetoresistance properties of LaCaMnO
films at room temperature. It is found that the Curie temperature of this trilayer shifts to 250K, compared with 220K in a LaCaMnO single layer.
Consequently an improved magnetoresistance, with a value of 40% (Ap/pg) under a magnetic field of 4.7T at 300K, is obtained. The dependen-
ce of the electrical and magnetic properties on the growth of the films grown is also described. The strain and magnetorestriction between two
layers is used to explain the observed phenomenon.

CROSS-SECTIONAL HIGH-RESOLUTION TRANSMISSION ELECTRON MICROSCOPY STUDY OF ELECTRODE-
POSITED Ni-Cu/Cu MULTILAYERS, A. Cziraki, E6tvés University, Institute for Solid State Physics, Muzeum kérut 6-8, 1088
Budapest, Hungary; V. Pierron-Bohnes, C. Ulhaq-Bouillet, Institut de Physique et Chimie des Matériaux de Strasbourg, UMR 46
(CNRS-ULP), 23 rue du Loess, 67037 Strasbourg, France; E. Toth-Kadar and I. Bakonyi, Research Institute for Solid State
Physics, Hungarian Academy of Sciences, P.O.B. 49, 1525 Budapest, Hungary

We briefly report here a high-resolution transmission electron microscopy (HREM) study on electrodeposited Ni-Cu/Cu multilayers that present
giant magnetoresistance. These multilayer samples exhibit a columnar growth morphology. The columns have a convex curvature in the growth
direction and a hexagonal or quasi-hexagonal cross-section. They are typically in the (111) orientation and present series of laminar twins. These
twins exhibiting sharp twin boundaries parallel with the substrate in order to relax the strain induced by the lattice mismatch ( ~ 2.1%) between
the non-magnetic Cu and magnetic Ni-Cu layers. Since the observed twins are extended defects, they can relax only a small fraction of the latti-
ce mismatch strain. The alternating Ni-Cu/Cu layers are in general parallel to the substrate near the substrate but at the top they follow the convex
curvature of the columns. The HREM measurements reveal that these samples have nearly everywhere coherent interfaces between the layers.
This suggests that most.of the coherency strain still remains unrelaxed.

IONIZED CLUSTER BEAMS FOR FORMATION THIN FILMS WITH HIGH ADHESION. ELECTRICAL CONTACTS TO
HTSC FILMS, A.S. Zolkin, Novosibirsk State University, Physics Department, Pyrogova Street 2, and A.V. Koshin, Y.G.
Shukhov, Institute Laser Physics, Novosibirsk, 630090, Russia

The design and testing of a new two-temperature metal vapour source for ionized cluster beam (ICB) method are described. The vaporized mate-
rial (Ag atoms and clusters up to 200atom/cluster) from a crucible with vapour (P=1000 Pa) superheating is partially ionized by electrons
(J=100mA, E=200-600eV) at the crucible exit (nozzle: d=0.4mm) where the vapour has its highest density and then ionized particles are accele-
rated in electric field (up to 10kV) and deposited (100 nm/min) on the substrate of HTSC / YBaCuO films, CdHgTe, ceramics, glass and metals.
The plasma ion source (E/H, ImA/cm2, E(i)=600-2000¢V) was used for sputtering the degradation layer and for assistance during the deposition
as the method for preparing low-resistance contacts on HTSC. Thin metal films (10- 500nm) with high density of covering, low-resistance
contacts Ag/Y-Ba-Cu-O (10E-5 - 10E-8 Ohm cm2) and high adhesion and stability to thermal shock were fabricated by ICB. The surface of metal
contacts was investigated by the Scanning Electron Microscope in backscatted electrons too, with the computer treatment in order to determine
the fulling degree of the development HTSC film surface by silver.
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ANNEALING EFFECT OF ANODIZED AL-BASED ALLOY FOR THIN-FILM TRANSISTORS, T. Arai and H. liyori, IBM

Yamato Laboratory, 1623-14 Shimo-tsuruma, Yamato-shi, Kanagawa 242, Japan

Bottom-gate thin-film transistors (TFTs) have been widely investigated for use in active-matrix liquid crystal displays (AMLCDs). In recent years,
much effort has been devoted to developing low-resistivity gate bus lines, to meet the need for large, high-resolution LCDs. Aluminum (Al) is a
remarkably good material for gate bus lines. However aluminum easily forms hillocks and whiskers during heating processes such as chemical
vapor deposition (CVD) film formation, and causes defects as a result of short-circuits and leakage between the gate and the upper electrodes.
In our study, Al-neodymium (Nd) or Al-gadolinium (Gd) alloy were used as a gate metal, and those surface were anodized to avoid hillock for-
mation during heat process.

The nanostructure of anodized Al gate insulators after annealing was studied by combined atomic force microscopy (AFM) and cross-sectional
transmission electron microscopy (TEM). The electrical properties and surface roughness of insulating film were discussed in relation to the
annealing conditions. Qur result shows that film annealed at 450°C for 1 hour gives smoother surface and exhibited higher breakdown electric
fields of over 7.5 MV/cm and lower leakage currents. Excessive annealing makes its surface rough and decrease the breakdown electric fields.
The effect of nitrogen addition to the Al-based alloys will be also discussed.
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EPITAXIAL GROWTH OF YBCO ON HASTELLOY WITH YSZ BUFFER LAYER BY LASER ABLATION, Y.S. Jeong, J.H.

Park, S.Y. Lee, Dept. of Electrical Engineering, Yonsei University, Seoul, 120-749, Korea

Good quality superconducting YBCO thin films were grown on Hastelloy(Ni-Cr-Mo alloys) with yttria-stabilized zirconia(YSZ) buffer layers by
in situ pulsed laser deposition in a multitarget processing chamber. Generally, Hastelloy exhibit excellent resistance to corrosion, creep, fatigue,
thermal shock, impact, and erosion. However, it is difficult to make films on flexible metallic substrates due to inherent interdiffusion problems
between metallic substrates and superconducting overlayers. To overcome this difficulty, it is necessary to use YSZ buffer layers since it will not
only limit the interdiffusion process but also minimize the surface microcrack formation due to smaller mismatch between the film and the sub-
strate. In order to enhance the crystallinity and the transport properties of YBCO films on metallic substrates, YSZ buffer layers were grown at
various temperatures different from the deposition temperature for growing YBCO films. On YSZ buffer layer grown at higher temperature than
that for growing YBCO film, the YBCO thin film was found to be textured with c-axis olientation by x-ray diffraction and had a high zero-resis-
tance critical temperature of 85K and a high critical current density.

EPITAXIAL PIEZOELECTRIC PZT THIN FILMS OBTAINED BY PULSED LASER DEPOSITION, P. Verardi(l), M.
Dinescu(z), F. Craciun(}), (DCNR Istituto di Acustica «O.M. Corbino», via Cassia 1216, 00189 Rome, Italy, (D1nstitute of Atomic

Physics, Bucharest-Magurele, POB-MG 16, 76900, Romania

Epitaxial lead zirconate-titanate (PZT) thin films with good piezoelectric properties were deposited in situ on Si (100) and Si (111) substrates with
a Nd-YAG laser ablation technique. The experiments have been done at different substrate temperatures. Energy dispersive spectroscopy (EDS)
X-ray diffraction and SEM were used to determine the composition, the crystallographic structure and the morphology of the deposited films. All
the films exhibited perovskite structures with preferential alignement of the (111) planes parallel to the film surface. Remarkable orientation has
been obtained for films deposited at low substrate temperatures, with only very small amounts of non-piezoelectric pyrochlore phase. This is very
important for deposition on semiconducting substrates, in order to avoid high temperature stresses and microcracking. Direct measurements revea-
led good piezoelectric properties in the absence of any subsequent poling, due to the intrinsic orientation of the films.

EVAPORATION OF SENSITIVE SUPRAMOLECULAR MEMBRANES ON SEMICONDUCTOR SUBSTRATES FOR
ISFET AND EIS CHEMICALL SENSORS, R. Mlika, H. Ben Ouada, Laboratoire de Physique des Interfaces, Faculté des
Sciences de Monastir, 5000 Monastir, Tunisie; N. Jaffrezic-Renault, Ingénierie et Fonctionnalisation des Surfaces, UMR-CNRS
5621, Ecole Centrale de Lyon, BP 163, 69131 Ecully Cedex, France; M. Gamoudi, Laboratoire d’Electronique des Solides, UCB

LYON L, 43 Bd du 11 Novembre 1918, 69622 Villeurbanne, France

A new supramolecular receptors containing pyrochatechol subunits bounded in a-position of a linear dicarboxylic acid has been synthesized. Thin
films based on this receptors were deposited using the technique of thermal evaporation under vacuum onto the gate oxide of ISFET (Ton Sensitive
Field Effect Transistor) and the EIS (Electrolyte-Insulator-Semiconductor) structures to fabricate chemical microsensors.

Electrochemical measurements were made to test and calibrate physico-chemical sensors with regards to their sensitivity and selectivity. Both
devices have shown Nernstian response towards Iron (III) ions, thus partial selectivity for these ions is shown. The improved lifetime compared
with membranes prepared by physical adsorption techniques and the sensitivity observed for these films indicates that these structures are wor-
thy of further developments.

GROWTH OF ULTRATHIN ORGANIC FILMS ON Au(111) SURFACES, R. Gerlach, G. Polanski and H.-G. Rubahn, Max-

Planck-Institut fiir Stromungsforschung, Bunsenstr. 10, 37073 Géttingen, Germany

The epitaxial growth of ultrathin organic films (alkane thiolates) on single crystalline metal surfaces is investigated via low energy electrons scat-
tering. As an example we discuss the results for nonane tiol molecules [CH;(CH,)¢]SH, adsorbed on Au(111) surfaces via vacuum deposition. As
a function of coverage we observe a change in structure from a ¢(21 x V3) to a p(5 x \]3) structure, which reorientates without further change in
coverage into a ¢(10 x 2v3) structure. An increase in deposited molecules results finally in a c(4V3 x 2V3)R30° structure. The latter one is the
hexagonally closed packed structure which could also be observed following growth from an ethanolic solution. The structural change is inter-
preted as being due to an coverage induced increasing tilt angle of the molecules with respect to the surface normal, followed by a rotation of the
molecules with respect to the C-C-C plane of the carbon chain. Similar results for alkane thiols of other chain lengths are also discussed.
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OPENING REMARKS

Session I - First Stage of Growth, Part 1
Chairperson: J. Mayer, Max-Planck-Institut fiir Metallforschung, Stuttgart, Germany

- invited -

14:00-14:40

14:40-15:00

15:00-15:20

X-RAY DIFFRACTION STUDIES OF SURFACTANTS IN EPITAXIAL GROWTH, E. Vlieg,

FOM-Institute AMOLF, Kruislaan 407, 1098 SJ Amsterdam, The Netherlands

Due to the availability of synchrotron radiation sources, X-ray diffraction has become a well-established tech-
nique for the structural and morphological analysis of surfaces and interfaces. Surface roughness can be stu-
died on a monolayer scale. Due to the penetrating power of X-rays, it is straightforward to study layers that are
buried inside a crystal during the growth process, and one can e.g. look at the formation of stacking faults and
twinned crystallites.

In this contribution the homoepitaxial growth of metals will be discussed, and in particular the role of additives
(«surfactants») on the growth behaviour. Systems we have studied include Sb with Ag(111) and Ag(100) and
In with Cu(lll) and Cu(100). It turns out that in many cases these additives greatly improve the quality of the
grown layers, leading to smoother surfaces and to the suppression of twin formation. The role of Sb during the
growth of a Ag(111) crystal is particularly interesting. An Sb pre-coverage of 0.1-0.2 monolayer leads to a chan-
ge in growth mode from 3-dimensional to layer-by-layer. At a coverage of 1/3 monolayer, the Sb gives a V3
reconstruction with a top layer that is entirely in the wrong stacking. When depositing Ag on such a crystal, the
top layer stays in the wrong stacking, while the lower layers return to the correct stacking. The stacking fault
is thus effectively ‘floating’ on the surface.

MORPHOLOGICAL STUDY OF COBALT AGGREGATES IN MAGNETIC MULTILAYERS
BY GRAZING-INCIDENCE SMALL-ANGLE X-RAY SCATTERING, A. Naudon,
D. Babonneau, Laboratoire de Métallurgie Physique, URA CNRS 131, Université de Poitiers, UFR
Sciences, bat SP2MI, BP 179, 86960 Futuroscope Cedex, France, and F. Petroff and A. Vaures,
UMR 137 CNRS/Thomson-LCR, Domaine de Corbeville, 91404 Orsay Cedex, France

There has been interest for a number of years in small magnetic particles. Recently, giant magnetoresistance
effects have been shown in Co/A1,0; granular multilayers, where the cobalt aggregates are embedded in a non-
magnetic matrix. These effects depend on the sizes of the aggregates and the interactions between them.

In order to characterize the morphology of the aggregates and their organization in the multilayer we used the
small-angle X-ray scattering technique under grazing incidence (GISAXS). The experiments are then carried
out at/or near the critical angle: the result is a considerab]y enhanced surface sensitivity. Full potentiality of this
technique is obtained when using a synchrotron source (flux, collimation and choice of the wavelength in order
to avoid fluorescence or to perform anomalous measurements) and when patterns are recorded with two-dimen-
sional detectors: gas detectors or Image Plates (IPs). It is then possible to determine the sizes of the aggregates,
the correlations in the plane of the layers and the cross-correlations from layer to layer. Results will be shown
with different periodicities of the multilayers and a comparison will be made with transmission electron micro-
scopy results.

DETERMINATION OF INTERFACIAL ROUGHNESS AND ITS CORRELATION IN SPUT-
TERED CoZr/Cu MULTILAYERS, J. Langer, R. Mattheis, IPHI Jena, Postfach 100 239, 07702
Jena, Germany; J. KrduBilich, I0Q, FSU Jena, Max-Wien-Platz 1, 07743 Jena, Germany, St. Senz,
D. Hesse, MPI Halle, Weinberg 2, 06120 Halle/Saale, Germany; Th. Schuhrke, J. Zweck, Univ.

Regensburg, 93040 Regensburg, Germany

Magnetic multilayers exhibiting Giant Magneto Resistance (GMR) are of technological interest. Due to the
individual layer thickness in the range of a few Angstroms the evaluation of the structure is quite a challenge.
Both crystallographic structure and interface roughness (including in plane and out of plane roughness corre-
lation) are to be determinend. We show how the combination of information yielded by TEM and X-Ray dif-
fraction with a conventional laboratory setup can give a comprehensive picture of the structure. Special empha-
sis will be laid on the discussion of X-Ray reflectometry scans in nonspecular geometry to determine the inter-
face structure of the individual layers in comparison to what can be gained by TEM (diffraction and bright field
imaging).
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C-14

C-1.5

C-1.6

15:20-15:40

15:40-16:10

ION ASSISTED DEPOSITION OF Ag(001)/Fe(001) MULTILAYERS: INTERFACE ROUGH-
NESS, G. Gladyszewski, Department of Physics, Technical University of Lublin, 20618 Lublin,
Poland; C. Jaouen, A. Declemy, J.C. Girard, P. Guerin, Laboratoire de Metallurgie Physique,
Université de Poitiers, 86960 Futuroscope Cedex, France

The interfacial roughness affects many physical properties of artificially layered structures. Its influence on the
specular reflectivity of multilayer X-ray mirrors, an important role in the long-range magnetic coupling in
magnetic superlattices causes that a detailed characterization of the interface becomes essential.

One of the multilayer preparation techniques - ion assisted deposition (IAD) allows one to modify the multi-
layer interfaces during the growth process As reported before, in some systems (for example in Ag/Ni multi-
layers) a strong improvement of superlattice structure quality occurs in JAD grown samples. In this work, we
present results obtained for Ag/Fe multilayers grown on MgO(001) substrates via IAD. The structure charate-
rization was performed using symmetric and asymmetric X-ray diffraction (XRD) techniques. The
Ag(001)<100>//Fe(001)<110>// MgO(001)<100> growth was confirmed. The XRD results were interpreted
using the model of non-ideal superlattice structure based on a Monte Carlo simulation. Particular attention is
paid to the interface roughness determination. Additionally, the surface roughness was charaterized using ato-
mic force microscopy (AFM). The decrease of the rms roughness for the samples grown in IAD mode in com-
parison with samples grown without ion assistance was evidenced.

BREAK

Session I - First Stage of Growth, Part 2
Chairperson: A.G. Cullis, University of Sheffield, Sheffield, UK

- invited - 16:10-16:50

16:50-17:10

X-RAY SCATTERING STUDY OF QUANTUM WIRES AND LATERAL PERIODIC HETE-
ROSTRUCTURES, L. Tapfer, Centro Nazionale Ricerca e Sviluppo dei Materiali (PA S.T.IS.-C
N R S.M.), S.S.7 Appia km.712, 72100 Brindisi, Italy

In this work the application of advanced x-ray scattering methods to the analysis of mesoscopic and low-dimen-
sional heterostructures will be reviewed. We will report on the investigation of semiconductor quantum wires,
corrugated surfaces and lateral periodic heterostructures by high-resolution reciprocal space mapping, specular
and diffuse x-ray reflection. We show that high-resolution x-ray experiments can provide accurate information
on the geometrical and structural parameters of low-dimensional heterostructures.

In particular, for periodic quantum wire arrays the shape of the corrugation and the geometrical parameters
(width and heigth) can be determined by simulation of the experimental x-ray diffraction patterns using semi-
kinematical scattering models. In addition, the strain fields in quantum wires can be determined: a partial elas-
tic lattice relaxation has been revealed in accordance with the predictions of the elasticity theory for low-dimen-
sional structures.

Furthermore, the lateral modulation of the layer thickness and of the lattice strain, which occur in symmetri-
cally strained superlattices grown on slightly off-oriented substrates, is studied by combining high-angle and
low-angle x-ray scattering experiments. We show that the lateral modulation can be described in terms of orde-
red interface roughness. The distribution and correlation of the roughness across the interfaces were investiga-
ted by specular and diffuse x-ray reflection.

HRXRD FOR THE ANALYSIS OF ULTRA-THIN CENTRE-SYMMETRIC STRAINED RTD-
HETEROSTRUCTURES, W. Prost, M. Haase, Q. Liu 1, FJ. Tegude, Gerhard-Mercator-
Universitit, Halbleitertechnik/Halbleitertechnologie, 1Werkstoffe der Elektrotechnik, 47048
Duisburg, Germany

The application of High Resolution X-Ray Diffraction (HRXRD) to ultra-thin but mismatched and centre-sym-
metric layer sequences is presented. These layers are indispensable for a variety of (opto-) electronic devices
such as graded-index lasers or resonant tunnelling diodes (RTD). Quantum-effect-based devices imply the need
of ultra-thin layers which are difficult to analyse by any means. However, most of the high performance RTD
layer stacks incorporate a substantial lattice mismatch (Aa/a > 1%) such that in the HRXRD rocking curve the
low-intensity layer peaks become separated from the substrate peak. The measured intensity remains high
enough down to the 10 monolayer range to assure a precise assessment. We found that the rocking curves of
these layers exhibit a beat under the strained barrier layer peak. We will show that this feature can be descri-
bed with analytical relations deduced from the kinematical theory under appropriate réstrictions. The parame-
ters of this beat depend on the thickness, and composition of the intrinsic RTD layers and can be used to shor-
ten the fit procedure based on the dynamical theory. The presence of thick but lattice matched contact layers
results in a intensity modulation and has negligible influence on its mean intensity and phase. In summary, prac-
tical lattice-mismatched RTD-device layer structures can now be analysed by a non-destructive method.
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C-1.7

C-1.8

C-1.9

17:10-17:30

17:30-17:50

17:50-18:10

HRXRD STUDY OF STRUCTURAL PROPERTIES OF MOVPE GROWN Ga,ln;_As,
Loxu, xJ. Cheng(l), X.G. Xu®, M. Physkalisches Institut, RWTH Aachen,
Sommerfeldstrasse 28, 52056 Aachen, Germany; (DInstitut fiir Halbleitertechnik I, RWTH

Aachen, Germany

The goal of this work is to study the concentration distribution on the sample surface in ternary GalnAs layer
by high resolution X-ray diffractometry (HRXRD). Little mismatched GalnAs layer which was grown on undo-
ped (001)-InP substrate in a horizontal MOVPE reactor at 40 mPa and 620°C. Tm(In),Tm(Ga) and AsH; were
used as precursors.

The rocking curves were collected along a line with the step of Imm on the sample surface, which has the size
0f 2.5*2.5 cm?. From (004) rocking curves the layer strain and Ga concentration depending on the surface posi-
tion were obtained. Along the gas flow direction Ga content in ternary layer decreases expotentionally. In addi-
tion we have also applied the reciprocal space mapping to determin the relaxation, tilt and broadening peak
effects. In (224) asymmetrical space mapping no relaxation was observed in about | pm thick GalnAs layer. In
(004) space mapping the broadening of (004) rocking curve in both lateral and in-depth compositional gradient
were significant presented. On the basis of the X-ray results a simple mathematical model was developed to
explain the dependence of Ga content on surface position along the flow direction. Furthermore according to
this model some proposals were mentioned, how to improve the uniformity of ternary layer grown in MOVPE
system.

CHARACTERIZATION OF MI-V HETEROSTRUCTURES BY I-D, 2-D AND 3-D HRXRD
SCANNING OF RECIPROCAL SPACE M. Schuster, Siemens AG, Corporate Technology, 81730
Munich, Germany, A. Iberl, J. Fait, J. Phillips, J. Chambers, AXS, Siemensallee 84, 76181
Karlsruhe, Germany, *N. Herres, J. Schmitz, Fhl TAF, Tullastr. 72, 79108 Freiburg, Germany, P.
Phizackerley and H. Bellamy, SLAC SSRL, Menlo Park, CA 94025, USA

Rocking curve measurements (1-D scans through reciprocal space) and reciprocal space mapping (2-D scans)
with high-resolution X-ray diffractometers have proven to be an essential analytical technique for the charac-
terization of III-V heterostructures. Whereas, 1-D scans, which are sufficient for the assessment of simple, lat-
tice matched heterostructures, can be performed within minutes, 2-D scans on complicated, relaxed and tilted
heterostructures may take hours or days. The use of a detector with 2-D spatial resolution has two benefits: (1)
the measuring time can be reduced to the time necessary for a standard 1-D scan, (2) the reciprocal space can
be scanned even in 3 dimensions. The requirements of HRXRD at a synchrotron source could be met by a dedi-
cated X-ray CCD detector with a resolution of 1024x1024 pixel (65um), an intensity range of 1:219 and back-
ground compensation software.

3-D scans will be discussed, together with 1-D and 2-D scans, on an InAs/GaSb superlattice grown on
GaAs(001) by MBE.

FINE INTERFERENCE EFFECTS IN X-RAY DIFFRACTION SPECTRA FROM MULTI-
LAYERED STRUCTURES, E. Zolotoyabko, Department of Materials Engineering, Technion-

Israel Institute of Technology, Haifa 32000, Israel

Precise characterization of multilayered structures in many cases requires careful analysis of interference bet-
ween strong waves originating from the substrate and the thin film components. In this paper some important
interference effects will be considered: 1) thickness-dependent shift of diffraction peaks (Fewster-Curling
effect); 2) phase sensitivity to subnanometer layers in the interferometer-like scattering geometry; 3) depen-
dence of fringe periodicity on lattice disorder; 4) «cleaning» of the microtilt-induced spectral broadening by
quasiforbidden reflections.

Interference effects are not sensitive to the multiple scattering, and therefore are well described in the extended
kinematic approximation, which utilizes direct summation of scattered waves [1]. This approach is also suitable
for the introduction of short-range variations of structural and geometrical parameters of the multilayered sys-
tem, which expands the framework of X-ray diffraction studies. In many cases analytical expressions for dif-
fraction spectra can be derived allowing detailed analysis of the characterization problem.

Theoretical findings are illustrated by X-ray diffraction spectra taken from partially disordered SiGe/Si hetero-
structures, ultrathin GaAs/GalnAs/GaAs quantum wells, Si structures with buried amorphous layers and near-
ly matched GaInP/GaAs structures.

1. E. Zolotoyabko, Y. Finkelstein, M. Blumina and D. Fekete, Physica B,221 487 (1996).
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Session II - Strain Analysis in Thin Films, Part 1
Chairperson: E. Vlieg, FOM Institute, Amsterdam, The Netherlands

- invited -

9:00-9:40

9:40-10:00

10:00-10:20

10:20-10:40

10:40-11:10

STRAIN ANALYSIS IN THIN FILMS BY QUANTITATIVE CONVERGENT BEAM ELEC-
TRON DIFFRACTION, J. Mayer, S. Krimer, S. Streiffer*, and A. Weickenmeier, Max-Planck-
Institut fiir Metallforschung, Seestr. 92, 70174 Stuttgart, Germany, * now at Dept. of Materials

Science and Engineering, North Carolina State University, Raleigh, NC 27695-7907, USA

Lattice strain in metals or alloys is an important factor controlling the performance and failure mechanisms in
compound systems. In combination with ceramics or semiconductors, the metal is always the elastically and
plastically softer material. Therefore most of the strain is localised within the metal. Convergent Beam Electron
Diffraction (CBED) makes it possible to measure lattice strain with high spatial resolution. We have studied Al
thin films on SiC and Si substrates. In particular the latter ones serve as a good model system for interconnects
in semiconductor devices. The samples were studied in cross-section and plan-view geometry.

The CBED patterns were acquired on an energy-filtering Zeiss EM 912 Omega transmission electron micro-
scope. The energy-filter removes the inelastically scattered electrons which increases the accuracy of the mea-
surements and makes possible to study thicker specimen areas. The CBED patterns were recorded at different
temperatures to study the effect of the differences in thermal expansion coefficients. The results indicate that
in the thin films strains of up to 0.5% can occur. Strong deviations from a simple equibiaxial strain state were
observed in a polycrystalline <111> textured film. A sensitivity to variations in lattice parameter of approxi-
mately 104 was obtained. Possible stress relaxations in the thin TEM sections will be discussed.

HRTEM STUDY OF STRAINED Si;_,/Ge, MULTILAYERS, M. Romeo, C. Uhlag-Bouillet,
J.P. Deville, J. Werckmann, G. Ehret, IPCMS, 23 Rue du Loess, 67037 Strasbourg, France, and
R. Chelly, D. Dentel, T. Angot, J.L. Bischoff, LPSE, 4 rue des Fréres Lumiére, 68093 Mulhouse,

France

Epitaxial Sil-x/Gex (0< x <1) multilayers were grown on Si(001) at 670°K using hot wire assisted gas source
and ultra high vacuum molecular beam epitaxy. The aim of the study is to determine the surfactant effect of
hydrogen present in the first growth technique.

For HRTEM observations, the samples were prepared exclusively by mechanical polishing using the tripod
method in order to avoid chemical and structural perturbations introduced by ion milling.

The micrographies were processed with the freeware Khoros. We have evaluated the stress field and studied
defects in both samples and thus we have compared the growth techniques.

INVESTIGATION OF INHOMOGENEQUS STRUCTURES OF NEAR-SURFACE-LAYERS IN
ION IMPLANTED SILICON, J.T. Bonarski, Z. Swiatek, R. Ciach, Polish Academy of Sciences,
Institute of Metallurgy and Materials Science, Reymonta st. 25, 30-059 Krakow, Poland;
Z.T. Kuznicki, CNRS, Laboratoire PHASE (UPR 292, BP 20, 67037 Strasbourg Cedex 2, France
and I.M. Fodchuk, M.D. Raransky, P. Gorley, Chernivtsi State University , Kotsyubinskogo 2,

274012 Chernivtsi, Ukraine

The ion implantation as subject of investigations attracts increasing interest because of its technological appli-
cations. For example, the ion implantation and adequate thermal treatment are the basic processes for fabrica-
tin of a new so-called delta-BSF solar cell. In this silicon solar cell the continous sub-structure of modified
material (planar amorphous-like layer of nanometric thickness with very thin transition zones) is inserted into
the single-crystal emiter. From high resolution electron microscopy studies it is evident that these two Si phases
coexist in the form of well-defined layers separated by sharp heterointefaces

The aim of this paper is to contribute to futher structural characterization of silicon monocrystal with buried
“amorphous” layer. The whole group of nondestructive x-ray diffraction methods was used in investigation of
quality of the a-Si/c-Si heterointerfaces, structural homogenity of the layers and distribution of the stress field.
Each measurment was carried out on an initial, as-implanted and annealed material. <100> oriented Si mono-
crystals were implanted with 180 keV energy P ions at room temperature. The mathematical modelling of
defects in real crystals and modelling of x-ray dynamic scattering for interpretation of results were applied. The
results reported in this work are compared with similar studies recently published in the literature.

INFLUENCE OF CdTe SUBSTRATES ORIENTATION ON THE STRUCTURE REFLECTION
OF HgCdTe FILMS OBTAINED BY ISOTERMAL VAPOR PHASE EPITAXY, J.D. Nabitowich,
LO. Rudyj, M.S. Fruginskyj, I.V. Kurilo, State University “Lviv Politechnic”, Bandera Str.12,
290646 Lviv, Ukraine

Elementary processes of growth have an influence on the perfection of epitaxy films (EF) which are connected
with nucleation character. By the method of replic electron microscopy, diffraction of reflected rapid electrons
and electron-probe microanalysis the influence of the crystallographic orientation of CdTe substrate of the EP
perfection was estimated. As a rule the two-dimensional mechanism of growth takes place on CdTe substrates
(110) Three-dimensional nucleating and connecting with this «island» character of EP growth is observed on
the (111) substrates.

The structure and morphology of EP also depends on polarity of (111) facets. The growth velocity on the facet
A(l1l) is smaller than on facet B(11) what we connect with different reaction possibility of these facets. Electron-
probe microanalysis also showed different reaction possibility of the facets(110) and (111) as to Hg atoms.
The initial conditions of growth and also cooling regime in the final stage of epitaxial growth are influencing
on the stage of defectness of transition layer film-substrate and by surface layer of HgCdTe.

BREAK
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11:10-11:50

11:50-12:10

12:10-12:30

12:30-14:00

STRAIN ANALYSIS BY X-RAY DIFFRACTION, P.F. Fewster and N.L.Andrew, Philips

Research Laboratories, Cross Oak Lane, Redhill RH1 SHA, UK

This paper will discuss the precision measurement of strain in materials. The technique of measurement will be
discussed and the precautions necessary to obtain reliable results with precisions to one part per million. With
X-ray diffraction we can alter the averaging depth by judicious choice of reflections. By combining several
reflections from planes that are inclined to the surface it is possible to determine the full lattice distortion.
The measurement of relaxation in semiconductor buffer layers usually involves many assumptions associated
with the geometry of the undistorted unit cell. This can be shown to be a problem and a new definition of
relaxation associated more directly with the atomic spacings in the plane of the interface will be presented.
These methods also give more precise values of the distortions present.

The measurement of the lattice parameters of bulk material will also be discussed, including hazards of sample
alignment, complications of interplanar spacings determined from inclined planes and problems of finding a
reliable internal reference standard.

STRAIN PROFILING IN THIN FILMS BY SYNCHROTRON RADIATION - A NOVEL TECH-
NIQUE, N.B. Thomsen(1:3), U. Lienert@3), S. Garbe®), V. Honkimiki®, H.F. Poulsen®) and
A. Horsewell3); (DDanfoss A/S, 6430 Nordborg, Denmark; (2)ESRF, 38043 Grenoble Cedex,

France; ()Riso National Laboratory, 4000 Roskilde, Denmark

Residual strain profiles in thin films and multilayers are studied by high resolution, high energy X-rays (syn-
chrotron X-rays). In terms of penetration power and spatial resolution, this emerging technique is bridging the
gap between conventional laboratory based X-ray diffraction and neutron diffraction techniques. Accurate
knowledge about residual stress/strain conditions in coatings is essential for optimal design of these materials.
Two types of coatings were investigated: a nickel/copper multilayer deposited on copper substrate using the so-
called dual-bath technique and a chromium-nitride film using the physical vapour deposition, PVD, technique.
Both of these types of coatings are known to exhibit strong strain gradients. The initial results provide direc-
tion for further experiments towards determining the ultimate capabilities of the synchrotron X-ray technique
in strain profiling.

LIMITS OF VALIDITY OF THE CRYSTALLITE GROUP METHOD IN STRESS DETERMI-
NATION OF THIN FILMS AND MULTILAYERS, P. Gergaud, S. Labat, O. Thomas, MATQOP,
URA CNRS 1530, Faculté de St Jérome, 13397 Marseille Cedex 20, France

The mechanical state of stress of thin films or multilayers is of great importance because of its influence on
many physical properties: magnetic, dielectric, elastic, ... For these reasons the determination of stresses in
these materials is becoming of increasing importance. Among the methods available for stress or strain deter-
mination, the x-ray technique, through the sin2y method, is of great interest because of the low mean depth
penetration of X-ray and because it allows the strain measurements in different phases of a thin film, leading
thus, for instance in a multilayer, to a complete knowledge of the state of stress. Usually, the thin films exhibit
strong textures inducing some difficulties in the stress calculus. One easy way to solve the problem is to use
the crystallite group method. It is a pseudo sin?y analysis based on the assumptions done in single crystal ana-
lysis. Of course, the stronger the texture, the better the validity of the measurements. In this work, we calcula-

te using simulations and modelling (based on Voigt, Reuss and Hill hypothesis) the limit of this technique ver-

sus the mosaicity of the texture for both fibre texture and single crystal-like texture. It is shown that the results
depend on the symmetry of the state of stress (biaxial, isotropic, with or without shear stress...). These assump-
tions are in general valid for thin films allowing the use of this technique in many cases.

LUNCH
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14:40-15:00

15:00-15:20
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CORRELATION BETWEEN ATOMIC AND ELECTRONIC STRUCTURE OF DIAMOND
GRAIN BOUNDARIES ANALYZED BY HREM AND EELS, H. Ichinose, Department of
Materials Science, The University of Tokyo, 7-3-1 Hongo, bunkyo-ku, Tokyo 113, Japan;
M. Nakanose, Nissan Motor Co. LTD and M. Khoyama, Osaka National Research Institute, AIST,
Japan

Atomic and electronic structure of diamond grain boundaries of a polycrystalline thin film diamond are inves-
tigated by both high resolution electron microscopy (HREM) and electron energy loss spectroscopy (EELS).
Atomic structures of CSL boundaries were apparently different from that of other covalent bonding semicon-
ductors such as silicon and germanium. X 9 boundary tended to be parallel with (114) plane even though the
latter was supposed to contain dangling bonds which cause to elevate boundary energy. A new line attributed
to  * state (bonding) appeared in EELDS spectra of (114) £ 9, (112) £ 3 and some high angle bondaries. A
dangling bond (p, orbital electron) of a three coordiated atom may easily change into & state in diamond. The
change can result in energy reduction of the boundaries to stabilize their atomic structure which is unexpected
in other semiconductors and ceramics.

EELS ANALYSIS OF HYDROGENATED DIAMOND-LIKE CARBON FILMS,
L. Ponsonnet(1), C. Donnet(1), JM. Martin(), A. Grill® and V. Patel(®); (DEcole Centrale de Lyon
Laboratoire de Tribologie et Dynamique des Systémes, UMR 5513, BP 163, 69131 Ecully Cedex,
France; (DIBM Research Division, T. J. Watson Research Center, Yorktown Heights, N. Y. 10598,

USA

Electron energy-loss spectroscopy has been used to analyse the structure of hydrogenated diamond-like carbon
(a-C: H) films deposited by PACVD under a variety of conditions (bias, pressure, gaseous precursors). The ratio
sp? (tetragonal) to sp? (trigonal) carbon sites was quantified from the near edge structure (ELNES) of the car-
bon K-edge. The results are compared with reference spectra taken on highly oriented pyrolytic graphite and
amorphous carbon. In order to better identify the chemical bonding from the carbon K near-edge structure, the
first two peaks of the edge were decomposed to obtained the peaks of individual transitions, after subtracting
the simulation of the carbon K-edge to extract the core-excitation peaks. The relative contributions of ls/n*
(C=C), Is/c* (C-H), Is/c* (C-C) and Is/c* (C=C) will be discussed. In parallel, EELS spectra were obtained in
the low-loss region (from 0 to 50 eV). Several spectral features were observed after decomposition into indi-
vidual peaks. Small peaks were observed between 4 and 10 eV corresponding to n/n* orbitals transitions, the
main plasmon loss peaking near 23 eV energy-loss. Another kind of peak was seen near 13 eV loss which could
be attributed to hydrogen K-edge ionization from gaseous hydrogen indicating that DLC films may have under-
gone dehydrogenation.

IN-DEPTH STRUCTURAL X-RAY INVESTIGATION OF PECVD GROWN DIAMOND
FILMS ON TITANIUM ALLOYS, P. Andreazza, C.RM.D., Université d’Orléans CNRS, BP 6759
Rue de Chartres, 45067 Orléans cedex 2, France; M.I. De Barros, D. Rats and L. Vandenbulcke,
L.C.S.R, CNRS, 45071 Orléans cedex 2, France

Titanium and its alloys have many attractive properties and important applications, for example in aerospace
or corrosive environments. However a greater wear resistance would permit to extend their engineering appli-
cations. Diamond coatings have been deposited in a microwave plasma from CH4H, and CO/H, mixtures, with
that aim. Besides the diamond layer itself, the composition and microstructure of the surface and bulk substra-
te can be changed and there properties influenced by the thermal treatment and the diffusion of light elements,
especially carbon and possibly hydrogen.

In-depth repartition profiles of crystalline phases formed during the diamond films growth are measured here
using Grazing Incidence X-ray Diffraction (GIXD), in correlation with Scanning Electron Microscopy coupled
with EDX analysis. The GIXD method is particulary well adapted to study surface modifications or depositions
of polycrystalline materials. Especially in this case, the formation of different intermediate carbonaceous layers
are evidenced in terms of microstructure, from the diamond films to the titanium alloy substrate. In addition,
crystalline parameters, microstrains rate and coherently domains sizes evolution of different a and b-Ti alloy
solid solutions, titanium carbide and diamond phases has been studied with respect to growth kinetic and depo-
sition temperature, in the range 600-850°C.

CROSS-SECTIONAL TEM OBSERVATION OF MULTILAYER STRUCTURE OF A GAL-
VANNEALED STEEL, T. Kato, M. H. Hong, K. Sasaki, K. Kuroda and H. Saka, Department of
Quantum Engg, Nagoya Univ., Nagoya 464-01, Japan

An Fe-Zn base galvannealed coating is used widely for an atutomobile sheet. The microstructure has been
researched extensively since the mechanical properties of the coating are closely related with the multi-layer
microstructure. So far microstructures of the Fe-Zn coatings have been studied only by optical microscopy and
SEM. It is only very recently that the microstructures are studied by TEM in any detail. In the present study a
focused ion beam (FIB) system has been used to prepare a thin foil specimen if a galvannealed steel for cross-
sectional observation by TEM.

Two types of steel which were subjected to different treatments were studied; one is as-dipped and the other is
galvannelaed at 773K for 20sec. TEM cross-sectional specimens were fabricated in a Hitachi FB-2000 FIB sys-
tem. Fabrication took only 3hours. The specimens were examined at an accelerating voltage of 300kV in a
Hitachi H-9000ONAR microscope.
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PERFECTION OF CoSi, LAYERS IN Si (100) OBTAINED BY ION IMPLANTATION,
AA. Galayev(D), YuN. Parkhomenko(®), D.A. Podgorny(?), K.D. Chtcherbatchev(®), AL
Belogorohov(?), (DInstitute of Chemical Problems in Microelectronics, 86 Prospekt Vernadskogo,
117571 Moscow, Russia,(®Moscow Steel and Alloys Institute, 4 Leninsky Prospekt, 117936
Moscow, Russia

The effect of dose and annealing on the structure and properties of buried conducting layers obtained by ion
implantation have been studied.

59Co* ions were implanted into Si (100) wafers with resistivity 4.5 Ohm-cm at 180 keV and ion current densi-
ty of 13 mA/cm?. In order to anneal radiation defects and initiate cobalt disilicide precipitation the wafers were
heated to 450 °C during the implantation. After the implantation, the wafers were annealed in a diffusion fur-
nace in flow of pure argon in two steps: first, for 1 h at 600 °C and then for 30 min at 1000°C.

According to the HREM data on the samples implanted at 3-1017 cm, the CoSi, layer is a continuous, sharp-
bounded single crystal. For 107cm2, the layer consists of {111}-faced CoSi, grains. The diffraction peaks are
smeared towards the lower angles. These defects are retained at 600 °C but they are disappeart at 1000°C.
The angular distances between the Si and CoSi, diffraction peaks obtained in different geometries were used
to determine the CoSi, lattice parameters in the directions perpendicular(a, ) and parallel(ay) to the surface.
The results were recalculated for unstrained crystal oc,g;,°*® that were used to calculate the relaxation coeffi-
cient R=(0cosi:P-a4)/(0tcosi”"-a;) From the shift of the peak measured relative to their calculated position
we calculated the perpendicular(g, ) and parallel(g) components of CoSi, lattice strain in the layer. The
above data are in good agreemenb with the Raman spectra.
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Chairperson: L. Tapfer, Centro Nazionale Ricerca e Sviluppo dei Materiali, Brindisi, Italy

- invited -

9:00-9:40
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HREM : ULTIMATE PERFORMANCES, D. Van Dyck, Department of Physics, University of

Antwerp - R.U.C.A., Groenenborgerlaan 171, 2020 Antwerp, Belgium

The factors limiting the resolution in High Resolution Electron Microscopy are discussed. It is shown that EM
is approaching its physical limits which are not limited anymore by the instrument but rather by the object. The
problem however is how to extract the information from the images so as to fully exploit the resolution capa-
bilities. Since the visualisation of individual atoms becomes possible, we can reconsider the concept of resolu-
tion in terms of information theory. New promising developments towards direct retrieval of the object infor-
mation by processing of the electron images are discussed. These include solutions to the phase problem as well
as inversion of the dynamical diffraction in the object. Finally, recent results are shown, which demonstrate the
potential of this approach.

NEW METHOD FOR QUANTITATIVE ANALYSE OF STRAIN FIELD IN THIN FILMS
FROM HRTEM MICROGRAPHS, E. Snoeck, B. Warrot, H. Ardhuin and M.J. Casanove,
CEMES-CNRS BP 4347, 31055 Toulouse Cedex 5, France, R. Kilaas, NCEM/LBL, bldg 72,

94720 Berkeley, CA, USA, M.J. Hytch, CECM 15, Rue G. Urbain, 94407 Vitry, France

A new method for measuring and mapping displacement fields and strain ficlds has been developed. The
method is based upon centring an apérture around a strong reflection in the Fourier transform of a HRTEM lat-
tice image and performing an inverse Fourier transform. The phase component of the resulting complex image
gives information on local displacements of atomic planes. The 2-dimensional displacement field can then be
derived by applying the method tp two non-colinear Fourier components. Local strain tensor components
g,(1), ey)ig r),e.(T)and £,(T) can be obtained by analysing the derivative of the displacement field.
Applied to RTEMyimages of thin films, this technique gives quantitative information on the variations of the
strain relaxations in the different layers. Results obtained with this method on epitaxial thin films like: Fe/MgO,
Co/Au and GaAsInP/InP will be presented.

THE VOLUME EXTENSION OF THE {1120} STACKING FAULT IN GaN/AIN LAYERS
GROWN ON (0001) 6H-SiC, P. Vermaut, A. Béré, P. Ruterana, A. Hairie, G. Nouet, and
E. Paumier, LERMAT 6004 CNRS, ISMRA, 6 Boulevard du Maréchal Juin, 14050 Caen Cedex,

France

An extensive study combining quantitative high resolution measurement and atomistic simulation was carried
out in order to characterize the {1120} prismatic stacking fault (Drum model). .

Geometrical models of the fault were allowed to relax with a modified Stillinger-Weber potential. It is rather a
short range potential which takes into account the first 4 and 12 second neighbour atoms. In order to apply it
to the wurtzite compounds, it was necessary to add a correction term in order to take into account the third
neighbour atom which governs most of the anisotropy in the hexagonal system.

A match was next made between the experimental and simulated images. A deviation from the equilibrium
interplanar distance was measured accurately along a direction perpendicular to the fault plane.

Instead of finding 0.5 as expected from the Drum model, a value close to 0.6 [1120] was measured. This means
that the equilibrium {1120} prismatic stacking fault in epitaxial GaN over 6H-SiC contains a slight volume
extension.

QUANTITATIVE LORENTZ MICROSCOPY ON SPIN VALVE, P. Baylc—Ggillgmaud, CEA-
Grenoble, Département de Recherche Fondamentale sur la Mati¢re Condensée, 17 avenue des
Martyrs, 38054 Grenoble Cedex 9, France, A.K. Petford-Long, University of Oxford, Parks Road,

0X1 3PH, UK, T.C. Anthony and J. Grug, Hewlett Packard Laboratories, Palo Alto, CA, USA
The spin valves (NiFe or Co(8nm)/ Cu(4nm) / Co(8nm)/ MnFe(12nm)) show a change of the resistance (Giant
MagnetoResistance) when the two in-plane magnetic vectors of the two magnetic films are oriented parallel or
antiparallel under the influence of an external magnetic field. In order to follow the flip process of the magne-
tic induction as a function of an applied field, quantitative lorentz microscopy has been performed with a
conventional TEM equipped with a low-field pole-piece. A magnetising holder allows the in-situ magnetisation
of the specimen. For different magnetic field values, Fresnel images are recorded as well as series of Foucault
images taken with small incremental tilts of the incident illumination which allowed to produce quantitative
maps of the magnetic induction distribution [1] It is then possible to follow the domain wall formation and the
domain wall motion as a function of the applied field.

This analysis has been performed on spin valves with different magnetic layers Co, NiFe or NiFe/Co. The series
of quantitative maps show the process of rotation of the in-plane magnetic induction. in each case. It is clearly
shown that the spin valves response depend strongly of the nature of this layer

[1]: A.C. Daykin et al.: Ultramicroscopy 58 (1995), 365-380.
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ELECTRON BEAM NANOANALYSIS OF NANOSTRUCTURED MATERIALS, C. Colliex,

Laboratoire de Physique des Solides, Bat 510, 91405 Orsay, France

The fine electron probe delivered by a field emission source in a STEM, constitutes a unique tool to investiga-
te the local properties of a thin solid specimen. It can be positioned at well on the surface of the sample under
analysis, scanned along a profile across a feature of interest, or rastered over a restricted area. For each posi-
tion, the signals measured through the different detectors are recorded. The Electron Energy Loss (EELS) spec-
tra convey a wealth of useful information covering a wide special range from the eV to the keV domain, i.e.
from the gap threshold and interband transitions on one end, to the soft X ray domain with its characteristic
electron excitations from well defined core orbitals and their associated fine structures (ELNES) on the other
end. Using the acquisition capabilities of the parallel detector, sequences of spectra connected to the successi-
ve positions of the incident probe constitute a new type of data set, defined as line-spectra or image-spectra,
with axes corresponding to the spatial coordinates on the specimen and to the energy-loss scale. The facility
presently operating on the Orsay VG STEM offers optimum resolutions of the order of 0.5-0.7 ¢V and 0.5-0.7
nm. They are therefore particularly well suited to the exploration of the local composition and electronic pro-
perties of nanostructures, such as carbon nanotubes, nanoporous Si, metallic multilayers, heteromaterial inter-
faces... This contribution will therefore emphasize the new possibilities offered in the domain of high spatial
resolution chemical mapping as a support for more refined investigations of the bonding characters and elec-
tron states permitted by the identification, measurement and interpretation of the changes in EELS fine struc-
tures.

SURFACE OBSERVATION OF SEMICONDUCTORS AND METALS BY ULTRAHIGH
VACUUM FIELD-EMISSION TRANSMISSION ELECTRON MICROSCOPE, M. Tanaka(l),
K. Furuya(l), M. Takeguchi(z) and T. Honda(®), (DNational Research Institute for Metals, 1-2-1,

Sengen, Tsukuba 305, Japan, (DJEOL LTD. 3-1-2, Musashino, Akishima 196, Tokyo, Japan
Recently, observation and analysis of atomic details of surfaces are achieved in real-space owing to the deve-
lopment of new microscopes. High resolution electron microscopy can obtain atomic scale information on sur-
faces by direct imaging. A newly developed ultrahigh vacuum field-emission transmission electron microsco-
pe (UHV-FE-TEM; JEM-2000VF) enables the imaging and analyzing of clean semiconductor surfaces. It has
2200 keV Schottkg—type field-emission gun with a point-to-point resolution of 0.21nm and beam current den-
sity of 4x108A/cm?2. The vacuum level around the sample is 2x10-8Pa. It is equipped with an energy dispersi-
ve X-ray spectroscope (EDS) and a parallel electron energy loss spectroscope (PEELS). Field-emission gun
provides probe size of Inm which implement the atomic scale spectroscopy .

With intense electron shower and infrared lamp annealing, the samples are cleaned to form reconstruction such
as Au (111) 23xV3 and Si (111) 7x7. Field-emission shower also enabled to write nano-sized letters on
GaAs(100). The line width of the letters were less than a few atoms.

AES-EELS INVESTIGATION OF THE Si/CrSi,/Si(111) INTERFACE FORMATION,
NLI. Plusnin, A.P. Milenin, V.J. Soldatov, and V.G. Lifshits, Institute of Automation and Control

Processes, FEB RAS, Radio 5, 690041 Vladivostok, Russia

The formation mechanism, and atomic and electron structures of Si monolayers (ML) deposited at the room
temperatures on CrSi, films grown on Si(111) were investigated by AES, LEED, and EELS methods.

Under =2A/min the Cr AES-signal from the substrate and relative amplitude of the bulk plasma losses peak in
EELS spectrum decreased faster then under r=0.5A/min. Accordance of the experimental curve with theoreti-
cal one shows that the growth mechanism under r=2A/min is layerwise and that adsorption of the first 1/3 ML
Si (d=3,5A) atoms takes place only above substrate Cr atoms. The comparison of various growth mechanisms
for r=0,5A/min undoubtedly shows initially the inhomogeneous over thickness intermixing between deposited
Si and substrate Cr atoms and then the layer by layer (d=3,5-6A) and islandlike growth of Si film. Changes of
loss energy peak position in EELS, appearance of the new peaks, and kinks in dependences of the bulk plasma
losses peaks on thickness show that a two-dimensional layer of Si consisted of surface phases forms at the ini-
tial (=2A/min) and layer by layer (r=0.5A/min) growth stages. After that the aSi film grows. Based on the AES
and EELS data the electron structure of this two-dimensional layer is similar to the electron structure of Si(111)
surface.
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APPLICATION OF FOCUSSED ION BEAM MILLING TOCROSS-SECTIONAL TEM SPECI-
MEN PREPARATION OF INDUSTRIAL MATERIALS INCLUDING HETERO-INTERFACES,
K. Kuroda, M. Takahashi, T. Kato, H. Saka, Department of Quantum Engineering, Nagoya
University, Nagoya 46401, Japan and S. Tsuji, Yamato Laboratory, IBM Japan, Yamato, Kanagawa
242, Japan

Transmission electron microscopy (TEM) is well established as a tool for both fundamental and applied resear-
ch. Specimen preparation is always a crucial question of TEM investigation. Recently a new specimen prepa-
ration technique using focused ion beam (FIB) milling was developed. We applied this technique to the fabri-
cation of cross-sectional TEM specimens of industrial materials including heterointerfaces. The following
investigations were carried out: interfaces in a hot dip galvanized steel, multilayered structures in thin-film tran-
sistors for the liquid crystal display, microstructures of a diamond film on silicon nitride and interfaces in C/C-
SiC composites. The largest benefit of FIB lies in its application to heterointerface analysis at a particular posi-
tion in submicron scale. This technique extends the use of TEM analysis into new areas of characterization of
industrial materials.

EPITAXIAL GROWTH OF YBaCuO THIN FILMS ON (111) SrTiO3; SUBSTRATES,
E. Brecht(D, J. Reiner(l), M. Rodewald®), G. Linker(1), (I)Forschungszentrum Karlsruhe, INFP,

Germany; (2)TH Darmstadt, Fachbereich Materialwissenschaft, Germany

The growth of YBaCuO thin films on (111) oriented SrTiO; substrates was studied by standard x-ray diffrac-
tion experiments performing 8-20, - and ¢-scans, and by complementary cross-sectional HRTEM. The films
were deposited by dc magnetron sputtering with the substrate temperature, T, in the range of 520°C to 820°C
and the film thickness ranging from 6 nm to 180 nm as variable parameters.

At all T, values the films grow epitaxially with the [113] direction perpendicular to the substrate surface. This
means that the distorted single perovskite cells of the triple perovskite «123» structure grow with their (111)
planes on the SrTiO; (111) surface. At low T the growth at the interface up to a critical thickness is pseudo-
morphic and homogeneously strained with narrow mosaic distributions below 0.04°. In films prepared at the
highest T, values broad mosaic distributions of about 1° were observed probably due to strain release by defect
incorporation. In the intermediate T, range internal strain is accumulated in the films. Three domain orienta-
tions tilted by 120° according to the three-fold symmetry of the substrate were observed in the film plane. The
low T, films are tetragonal and non-superconducting down to 4 K. Maximum T, values of 84 K were observed
in the films prepared at the highest T, values. We speculate that the oxygenation of the films and thus the appea-
rance of superconductivity is strain controlled.

CRYSTALLIZATION OF FERROELECTRIC PZT THIN FILMS ON MgO SUBSTRATE, A. Di
Cristororo, P. Mengucci, A. De Benedittis, Dip. Scienze dei Materiali, Universita di Ancona, Italy
and B.E. Watts, F. Leccabue, CNR-MASPEC, Parma, Italy

Ferroelectrics thin films are intensely studied because of their potential applicability in non-volatile ferroelec-
tric memory devices (NVFRAM). Lead zirconate titanate (PZT) is one of the best known perovskites used in
ferroelectric applications. The most important requirements for obtaining the desired electrical behaviour are
the prevalence of the ferroelectric perovskite (PE) phase with respect to the pyrochlore (PY) one and the pos-
sibility of growing epitaxial or preferentially oriented thin films. In the present study we report the results of
the microstructural characterization of different compositions (PZT 20/80 and PZT 52/48) and thicknesses (100
and 200 nm) deposited by sol-gel on (100) MgO substrates in order to evaluate the influence of these parame-
ters on the microstrucutre and preferential orientation of the deposited films. After deposition, samples were
analyzed by grazing angle X-ray diffraction (GAD), scanning electron microscopy (SEM) and cross sectional
transmission electron microscopy (XTEM). Results showed that the 100 nm PZT 20/80 film is prevalentely
composed of PE with little amount of PY and a preferential (100) orientation. Increasing the thickness up to
200 nm the content of the PY phase increases and the preferential orientation disappeares. XTEM observations
allowed to attribute this effect to the presence of a thin layer of PY in between the PZT layer. On the contrary,
PZT 52/48 is mainly composed of PE (101) orientated, indipendentely on thickness.

MICROSTRUCTURE OF AG/NI MAGNETIC MULTILAYERS WITH DIFFERENT INTER-
LAYER MAGNETIC COUPLING, A. Rosova, B. Chenevier, D. Boursier, LMGP URA CNRS
1109, 38402 St Martin d’Héres, France; A. Charai, C. Alfonso, EDIFIS, URA CNRS 443, Faculté
de St Jérdme, 13397 Marseille, France; O. Thomas, C. Guichet, MATOP, URA CNRS 1530,
Faculté de St Jérdme, 13397 Marseille Cedex 20, France; J.-E. Sundgren, E. Svedberg, P.
Sandstrom, Dept. of Physics, Linkdping University, 58183 Linkoping, Sweden

A series of Ni/Ag multilayers was grown at room temperature on oxidized Si (100) substrates by ultra-high
vacuum dc magnetron sputtering. The Ni layer thickness is kept constant at 5 nm. The Ag layer thickness varies
between 1 and 10 nm to possibly induce a variation of Ni interlayer coupling. X-ray diffraction pole figures
and 6/20 scans exhibit a pronounced (111) texture for both Ni and Ag. TEM, HREM and EELS methods were
used to characterise the multilayer microstructure. M (H) measurements with the applied field either paralle] or
perpendicular to the film surface, were performed between 10 and 300 K using a vibrating sample magneto-
meter. These measurements allowed us to correlate the multilayer microstructure with the magnetic properties.
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STRUCTURAL CHARACTERIZATION OF InP EPILAYERS GROWN ON (001) AND (111)
SURFACES OF GaAs SUBSTRATES, M.B. Derbali, J. Meddeb, H. Maaref, Laboratoire de
Physique des Semiconducteurs, Fac. Sciences de Monastir, Monastir, Tunisia, D. Buttard,
Laboratoire de Spectrométrie Physique, Université J. Fourier, Grenoble 1, (CNRS UMR 5588),
France

There is an increasing interest in the heteroepitaxial growth of semiconductor on lattice-mismatched substrate.
The success of heteroepitaxy adds a new dimension for the system designer who can then take the best features
of several semieonductors and combine them together to achieve new devices, such as optoelectronic integra-
ted circuits. Among the heteroepitaxy system under investigation, InP on GaAs has attracted considerable atten-
tion. The interest stems from the potential advantages of the integration of InP-based lasers and detectors ope-
rating at wavelengths around 1.3 and 1.55 pm with fast GaAs field effect devices for optical communication
technologies.

The growth of InP on a GaAs substrate results in a high density of threading dislocations (108/cm?) which arises
from the interfacial misfit dislocations due to the large lattice mismatch (3.7 %). Several approaches have been
applied to reduce this dislocation density, i.e, thermal cyclic annealing, introduction of strained-layer superlat-
tice,...

In order to improve the InP crystal quality, we have investigated the effect of the substrate orientation. In this
communication, we report a reduction in the density of the threading dislocations using (111) surfaces of GaAs
substrates. The heteroepitaxial layers of InP were grown by metalorganic chemical vapor deposition on (001),
(111)A and (lID)B surfaces of GaAs substrates. The structural properties (residual strain, misorientation and
crystal quality) of the heteroepilayers were investigated using high resolution X-Ray Diffraction and
Transmission Electron Microscopy .

TEM AND HREM INVESTIGATION OF STRUCTURE OF SILICON POLYCRYSTALLINE
FILMS AND NANOCRYSTALS INSIDE OF AMORPHOUS SILICON FILMS ON GLASS
SUBSTRATES, M.D. Efremov, V.A. Volodin, L.I. Fedina, A.K. Gutakovski, Institute of
Semiconductor Physics SB RAS, pr.Lavrentjeva 13, Novosibirsk 630090, Russia; V.V.Bolotov,

Institute of sensor microelectronics SB BAS, pr.Mira 55a, Omsk 644077, Russia

The systematic TEM and HREM study of structure of the silicon films on glass substrates in a course of phase
transition from the stage of nucleation to the stage of final crystallization was provided. Phase transition was
realized using the method of stimulation of nucleation in amorphous phase with rapid thermal annealings and
excimer laser treatments. It was demonstrated by HREM, that just after excimer laser treatment silicon nano-
crystals were appeared inside of amorphous matrix of the films. Varying the regime of laser treatments allowed
to change sizes of observed nanocrystals from 2 to 8 nm and larger. Moreover there was possibility to vary the
size and concentration of nuclei independently. There was observed a preference (110) orientation of nano-
crystals. Analysis of the electron microscopy contrast showed, that probably nucleation occurred homogeni-
cally inside on the film. Applied rapid thermal annealings allowed for nanocrystals to grow conserving pre-
ference orientation. Preliminary introduction of nuclei leaded to reduction of incubation time of crystallization
and to changing of final structure of the films. There was observed large fields of (110) textured areas with
dimension about 20-30mcem arising from introduced nuclei. The preference orientation of crystal grains was
detected at thermal, rapid thermal and nanosecond laser annealing, but with reduction of time duration of treat-
ments the increasing of the effect and appearing additional planar correlation in the orientation was observed.
Twin defects was observed in the structure of crystal grains of final polycrystalline films. According to obtai-
ned experimental data deformation mechanism of appearing of preference orientation was declared and dis-
cussed.
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16:30-17:10

17:10-17:30

SPECIFICITY OF ELECTRON MICROSCOPY AND X-RAY DIFFRACTION FOR STU-
DYING THIN FILMS STRUCTURES, A. Bourret, DRFMC, CEA Grenoble, 17 rue des Martys,

38054 Grenoble Cedex 9, France

The practical importance of semiconductors or metallic multilayers has generated a large variety of studies on
the interface structure between two different crystalline materials. The desired goal is to grow epitaxially per-
fect crystals on top of each other with no defects in the layers. What happens at the interface is therefore of
prime importance to control the defect content. The combination of techniques developed in electron micro-
scopy such as quantitative imaging at high resolution, nanoanalysis with PEELS, filtered imaging and X-Ray
techniques such as grazing incidence diffraction at small or large angle, diffuse scattering, reflectivity ... pro-
vide adequate tools for studying thin films and interfaces at an atomic scale.

A brief overview of these different experimental approaches will be given in order to show how complemen-
tary they are. Interface roughnesses at different scales, interdiffusion and segregation spatial extension, lateral
correlation length, atomic steps, internal strains, interfacial defects has already been deduced in a variety of
materials. Examples in semiconductor heterostructures and metallic multilayers will be given.

MICROSTRUCTURE AND STRAIN RELAXATION IN YBa,Cu30; EPITAXIAL THIN
FILMS, ].-L. Maurice, M. Drouet, J.-P. Contour, Unité Mixte de Physique, CNRS/Thomson-CSF,

91404 Orsay, France, and O. Durand, LCR Thomson-CSF, 91404 Orsay, France

We report X-ray diffraction (XRD) and transmission electron microscopy (TEM) observations of YBa,Cu;0;
(YBCO) thin films grown by pulsed laser deposition (PLD). We used SrTiO; (STO) and LaAlO; (LAO) as sub-
strates. The YBCO epitaxial layers were either single or alternating with layers of STO and/or PrBa,Ga,Cu;.
<07 (PBGCO) in superlattices. In TEM sample preparation, we minimised thinning damage, which tended to
be particularly important when PBGCO was present, by using the tripod polisher method.

The observations confirm the existence of twins in the relaxed layers and their absence in the strained ones. In
YBCO/PBGCO superlattices, relaxation apparently depends only on the YBCO elementary thickness. It takes
place when the latter is larger than approximately 4.8 nm, with no apparent strain in the PBCGO layers.

We finally discuss the relaxation geometry in terms of twins and dislocations.
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XRD AND TEM STUDY OF HETEROEPITAXIAL GROWTH OF ZIRCONIA ON MAGNESIA
SINGLE-CRYSTAL, R. Guinebretiére, B. Soulestin and A. Dauger, Laboratoire de Matériaux
Céramiques et Traitements de Surface, URA N°320 ENSCI 47-65, Av. A. Thomas, 87065 Limoges,

France

Asymmetric X-ray diffraction apparatus has been builded up in order to characterize polycrystalline or single-
crystal like thin films. A four reflections Bartels monochromator associated with a rotating anode source allows
to define a strictly parallel X-ray beam. Diffraction lines are detected by a Curved Position Sensitive Detector
(CPS 120 INEL) and the samples are put on a five axis specimen holder.

Zirconia thin films have been deposited on magnesia (100) single-crystals substrates using sol-gel precursor
solution. Thermal treatment at 600°C induces the crystallization of polycrystalline thin films containing ran-
doinly oriented nanocrystals. Annealing at higher temperature give rise to the appearance of a progressive hete-
roepitaxy and breaking up of the film into isolated islands.

Polycrystalline tetragonal zirconia thin films, several tens nanometer thick, have been studied with a glancing
angle équal to several tenth degree. The epitaxial growth has been characterized by XRD under controlled inci-
dence angles and concurrently imaged by TEM on cross sectional samples. The development of heteroepitaxied
single crystalline islands results from abnormal growth of interfacial grains having the lowest orientational
energy.

STRUCTURAL ASPECTS OF THE INTERFACE LAYER IN SILICON-ON-SAPPHIRE,
E. Gartstein, S. Lach, D. Mogilyanski, H. Metzger and J. Peisl, Inst. for Appl. Research, Ben-
Gurion University, Beer-Sheva, 84110, Israel and Ludwig-Maximilians-Universitat, Sektion
Physik, Gesch-Scholl-PL 1, 80539 Munchen, Germany

The structure of Si-on-sapphire (SOS) was investigated by X-ray diffraction and high resolution electron micro-
scopy techniques. The interface layer was observed to develop with thickness of 3.5mn to 5.0nm. From the
change in the lattice parameters in the interface layer measured by Bragg and grazing incidence diffraction
techniques, it was possible to calculate the strain distribution across the interface. It was found, that whereas
the Si epilayer is compressed, the interface layer has a very anisotropic strain distribution with regions both
under compression and tension. In addition the twins distribution in SOS was found to be anisotropic. This
twinning anisotropicity strongly increases with the thickness of the Si epilayer and causes a damage to the sap-
phire substrate.

The transmission electron microscopy study showed the formation of the interfacial dislocations at the interfa-
ce. While the twins can accommodate the long range strain anisotropically in this system, the interfacial dislo-
cations are relieving the short range order strain at the interface.
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STABLE AND METASTABLE PHASES IN THE VACUUM ARC DEPOSITED THIN FILMS OF Co, B.B. Straumal and
W. Gust, University of Stuttgart, Institut fiir Metaltkunde, Seestr. 75, 70174 Stuttgart, Germany; N.F. Vershinin, Institute for
Vacuum Technology, Chajanov str. 8/26, 125047 Moscow, Russia; T. Watanabe, Department of Machine Intelligence and Systems
Engineering, Faculty of Engineering, Tohoku University, 980-77 Sendai, Japan; V. G. Sursaevaand V. N. Kurlov, Institute of Solid

State Physics, Chernogolovka, Moscow District, 142432 Russia

Vacuum arc deposition uses the arc burning in the vapour of the cathode material. The parameters of vacuum arc discharge do not depend on the
magnetic properties of the cathode material so critically as in the case of magnetron sputtering. This feature permits one to deposit easily ferro-
magnetic thin films.

In this work Co thin films of different thickness were deposited onto the NaCl and sapphire single crystalline substrates. The sapphire single crys-
tals were grown with the aid of edge-defined film-fed growth. The substrate temperature during the deposition was kept below 200°C. The micro-
structure of the Co films was studied using the transmission and scanning electron microscopy. The Co films have a dense columnar structure.
The grain size depends on the film thickness. The hexagonal close-packed phase (thermodinamically stable below 422°C in pure bulk Co) and
the face-centered cubic phase (stable above 422°C) were detected in the Co films. The influence of mechanical stresses in the film and of the
additional annealing on the relative stability of both phases is discussed. The financial support from the Heiwa Nakajima Foundation and the
Volkswagen Foundation is acknowledged.

GROWTH OF Ni FILMS BY DC-BIASED-SPUTTER DEPOSITED ON GaAs(001), J._Yang, K. Makihara. H. Nakai,
M. Hashimoto. Dept. Appl. Phys. Chem. Univ.of Electro-Communs, 1-5-1 Chofugaoka, Chofu-shi 182, Japan; A . Barna, P. B.

Barna, Inst. Tech.Phys. HAS, 1325 Budapest, POB 76, Hungary

Ni films 100nm thick are deposited on GaAs(001)at 280°C by dc-biased-sputtering at 2.5kV in Ar gas. A bias Vs (0 to -180 V) is applied to the
substrate during deposition. The effects of Vs on the Ni film growth on GaAs(001) are investigated by RHEED, XPS, XTEM and
XHRTEM.TCR from 150 to 300K and saturation magnetization 4r Mf at 300 K are also measured.

Ni films are polycrystalline mixed with As, while the Ni atoms diffuse into GaAs leaving voids at the interface to result in the epitaxial growth
of As,Ni with As,Ni[lll] || GaAs[l1l] and As;Ni[011] || GaAs[011]. The diffusion depth ranges from 80 to 200nm as Vs increases up to -180 V
while the grain growth of As,Ni is most enhanced at Vs=-80V.

TRANSMISSION ELECTRON MICROSCOPY OF THIN-FILM TRANSISTORS ON GLASS SUBSTRATES, S. Tsuji, Yamato
Laboratory, IBM Japan, Yamato, Kanagawa 242, Japan, K. Tsujimoto, ITES Co. Ltd., Yasu-cho, Yasu-gun, Shiga 520-23, Japan

and K. Kuroda, H. Saka, Department of Quantum Engineering, Nagoya University, Nagoya 464-01, Japan

The recent attention paid to sample preparation of multilayered structure on glass substrates indicates that cross-sectional transmission electron
microscopy (X-TEM) are of considerable interest for their potential effectiveness in thin-film transistor liquid crystal display (TFT-LCD) appli-
cations. In this paper, we firstly present the significant features of our failure analysis problem which involves some difficulties: fragile location,
anomalous, and rare defects. Secondly, we describe an application of focused ion beam etching to specimen preparation for X-TEM observation.
We demonstrate that the FIB technique, which allows very localized etching without inducing mechanical stress to thin TEM sample, is very
convenient for this delicate location. We also demonstrate that our FIB etching technique is capable of high thinning rates, which allows rapid
production of high-quality TEM specimen. Finally, we demonstrate how faulty TFTs including extra thin layer such as contamination, microvoids,
and long and fragile protrusions such as whiskers, can be characterized by means of FIB and X-TEM combination.

TRANSMISSION ELECTRON MICROSCOPY INVESTIGATION OF THE STRUCTURAL CHARACTERISTICS OF
AMORPHOUS TETRAHEDRAL CARBON FILMS, Ch.B. Lioutas, N. Vouroutzis, S. Logothetidis, H. Lefakis, Aristotle

University of Thessaloniki, Department of Physics, 54006 Thessaloniki, Greece

Hydrogen free tetrahedral amorphous Carbon films (ta-C) attract an increasing scientific and technological interest due to their special properties,
such as high hardness, infra-red transparency and chemical inertness. The structural feature of ta-C films prepared by RF magnetron sputtering,
in sequential thin layers, under positiv and negative bias voltage to Si substrate, were examined by transmisssion electron (TEM) microscopy. The
microstructure of the films was investigated by cross section TEM. The amorphous character of the films was obvious from bright field images
that also revealed the changes of the surface roughness as a function of the deposition steps and bias conditions. No significant diffracted inten-
sity (on Electron Diffraction images) from the film area was detected. However dark field imaging, with the objective aperture on <111> diamond
reflection position, revealed that the films were rich in sp? C-C bonds throughout the whole film. Similar images with the objective aperture on
<002> graphite reflection showed the distribution of sp? C-C bonding in the films.
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X-RAY ABSORPTION ANALYSIS OF THE DENSITY AND SYMMETRY OF THE DOPING HOLES IN HTC THALLIUM
AND MERCURY CUPRATES THIN FILMS, E. Studer, B. Sekhar, P. Srivastava and C. Martin, CRISMAT-ISMRA, 14050 Caen

Cedex, France; C. Gasser and K. Tanabe, ISTEC, Tokyo, Japan

Soft X-Ray Absorption Spectroscopy has been shown to be a unique probe of the electronic states above the Fermi level. Due to its chemical and
orbital specificities, soft XAS has been extensively used to investigate the local atomic and electronic structures of solids. Specially in HTC super-
conductors XAS gives a specific insight on both covalent and doping holes which determine the metallic and superconducting properties.
Moreover polarized experiments realized on single crystals and/or thin or thick films allow to determine the symmetry of the empty electronic
levels. Among the HTC materials, T1(2212) and Hg(1212) have shown quite similar electronic structure near the Fermi level in band structure
calculations, unlike their differences in crystal structure.

In the present work, we report polarized soft XAS experiments on thallium (T12212) and mercury (Hgl212) cuprates thin films in normal and
superconducting states using Fluorescence Yield (FY) detection to get bulk information. Two main results have been observed and will be pre-
sented:

1) In Hgl212 thin film synthesized in high oxygen pressure, a significant hole density is observed along the z-axis of the structure, perpendicu-
larly to the sample surface. This result is observed for the first time in single Hg-layer cuprate but is in agreement with previous results in the
T12212 bilayer cuprate and is connected to charge transfer occurring along the Cu-O-Hg.

2) Below Tc (~ 115K ) in Hgl212, a significant increase of the in-plane doping hole density is observed with respect to room temperature. An
interpretation of this doping hole density increase can be proposed based on the opening of the superconducting gap and the creation of Cooper’s
pairs.

COMBINE CHARACTERIZATION OF CONDUCTIVE MATERIALS BY INFRARED SPECTROSCOPIC ELLIPSOMETRY
AND GRAZING X- RAY REFLECTANCE, P. Boher, M. Luttmann and J.-L. Stehle, SOPRA S.A., 26 rue Pietre Joigneaux,
92270 Bois-Colombes, France, L. Hennet, Laboratoire de Métallurgie Physique et Science des Matériaux, Université Henry

Poincaré, Nancy I, BP239, 54506 Vandoeuvre les Nancy, France

Non destructive, non contact characterization of conductive materials is an interesting challenge, especially in the field of the microelectronics.
One way to solve the problem is to use the optical properties of these materials which follow theoretically a Drude law in the infrared region. In
this study, spectroscopic ellipsometry in the near infrared (up to 2pm) and in the far infrared (up to 18um) is used to extract the optical indices.
To evaluate the electrical properties the thickness of the layer is also needed. Due to the generally high absorbance of these conductive layers it
cannot be extract directly from the ellipsometric measurements. Another possibility is to use a complementary technique like grazing x-ray reflec-
tance (GXR) as we have done in this study. Eleven titanium/SiO2/Si samples with variable titanium thickness have been successively examined.
The different thickness have been determined precisely by grazing x-ray reflectance at the cobalt K-o line with the surface roughness of the
samples. Conventional x-ray diffraction was also used to determine the crystallinity of the titanium layers. Then IR spectroscopic ellipsometry
was used to extract the optical indices of the different titanium layers and their resistivity using the GXR thickness and the Drude model. Values
determined by this method compare well with four points probe resistive measurements made on the same samples. The proposed paper will focu-
sed on the complementarity of the two techniques and on their domain of validity for this application.

CRYSTALLIZATION PROCESSES IN COBALT OXIDE THIN FILMS BY X-RAY ABSORPTION SPECTROSCOPY,
V.M. Jiménez, A. Caballero, J.P. Espinos, F. Yubero, A.R. Gonzalez-Elipe, Instituto de Ciencia de Materiales de Sevilla (CSIC-

Univ. Sevilla), Avda. Américo Vespucio s/n. 41092 Sevilla. Spain

X-ray absorption spectroscopy (XAS ) provides information about the local arrangement of atoms around a given one taken as absorber of the
radiation. This technique, in combination with X-ray diffraction has been used to study the crystallization processes that occur upon heating cobalt
oxide thin films (CoO and Co;0,) at increasing temperatures. The XAS spectra were taken by conversion electron yield detection, a method which
is only sensitive to the topmost layers of the materials (of the order of 100 nm). The films have been prepared by Ion Beam Induced Chemical
Vapor Deposition, a procedure by which it is possible to control the stoichiometry of the film. The original films were partially amorphous, but
they became more crystalline at increasing temperatures. Information about the oxidation state degree of crystallinity and local enviromnent
around cobalt have been obtained by analysis of the spectra.

LATTICE PARAMETER CHANGE IN SUBMICRON Si WHISKERS, A.I. Klimovskaya, Institute of Semiconductor Physics,
Kiev, Ukraine and LP. Ostrovkii, S.V. Fadeev, M.S. Fryginskii, I.O. Rudyi, State University “Lvivska polytechnika”, 12 Bandera
str., 290646, Lviv, Ukraine

In this paper the results of structural investigations of grown-on-substrate and free-standing filament-like silicon crystals (whiskers)are presented.
The crystals were grown by a method of vapour transport reaction in a sealed tube with using a catalyst of the axial growth of crystals. The inves-
tigations were carried out by an x-ray diffractometry with using germanium powder as a calibrated standard, by a method of Bragg reflection from
crystalline planes with different Millers indexes and a calculation of corresponding correlation functions, and by a method of electronography. An
analysis of the obtained results shows that the lattice parameter of free-standing whiskers decreases with a decrease of their diameter d if d < Tum.
A magnitude of the change of the lattice parameter depends on a doping of the crystals and it is largest for the purest probes. Moreover, the effect
found is anisotropic. Structural studies of filament-like whiskers grown on a silicon substrate reveal the lattice parameter change also, while a
sign of the change is opposite, i.e., the lattice parameter increases with the decrease of diameter.

A study of a composition of the crystals under investigation by methods an x-ray microprobe analysis, an ion and Auger spectroscopy shows that
the found effect cannot be accounted for a large concentration of impurities in the crystals. This effect is unrelated to growth defects also, becau-
se the crystals strength in these crystals is larger than that in bulk material. In the paper possible mechanisms of the effects based on an influen-
ce of a crystal surface and substrate are discussed.

ELECTRODE-WIDTH DEPENDENCE ON RESISTIVITY AND STRUCTURE OF ELECTRON BEAM EVAPORATED
ALUMINIUM ELECTRODE THIN FILM ON LITHIUM TANTALATE, K. Noguchi(l), H._ Nakai®, H. Ohashi(D,
M. Hashimoto(2), (1)Japan Radio Co., Ltd., 2-1-4 Fukuoka Kamifukuokashi, Saitama 356, Japan, (2)The University of Electro-
Communication, Chofugaoka 1-5-1 Chofushi, Tokyo 182, Japan

Aluminum electrode thin films (0.90 nm thick) with various widths were simultaneously deposited on a lithium tantalate substrate by electron
beam evaporation, and the width dependence of the resistivities of the electrode film was measured by Van der Pauw method. The result shows
that the resistivity depends on the electrode width in the width range less than 1 pm. The width dependences for the films with 0.33, 0.53 nm thick
were observed similarly. Two kind of specific resistivities were introduced; our results were width-specific resistivity, 2.5x10-! uQ cm pm and
thickness-specific resistivity, 6.8x10-2 pQ cm pm. The resistivity without size effect was determined to be 3.15 pQ cm. This resistivity is com-
parable with the bulk resistivity, 2.7 p€2 cm.The morphologies of the electrode films was observed by SEM. Our goal is to observe the cross sec-
tional TEM micrograph of the electrode films, to discuss in compared to the results of resistivity measurements.
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EFFECT OF PHASE TRANSFORMATIONS ON THE FORMATION OF DEFECTS, A.Ya.Gubenko, Moscow Institute of
Electronics and Mathematics, Moscow, Russia

In semiconductors, minor changes in impurity concentration (C) and temperature (T) within terminal solid solution ranges lead to phase trans-
formation (PT), whose extension may reach a few percent and oC that occur themselves in C and T ranges (CR and TR). Within these CR and
TR, the properties and interatomic forces oscillate with C and T to give alternating peaks and dips of various amplitudes. The occurrence of the
PTs is shown to be due to self-maintaining coarce-scale fluctuations, whose sizes oscillate in each successive spike, like properties do, until the
parameters of state reach values characteristic of a new phase which is confirmed by the oscillating variation of the second derivative of free ener-
gy in C and T. Such a transition from one phase to another may be considered as a self-organization in the matter. The PT causes oscillatory varia-
tion, in the CR and TR, of the concentrations of intrinsic point defects and the types and the kinetics of solid-phase reactions. At some C, retar-
dation of solid-phase reactions occurs; at others, these reactions become accelerated. In the former case, the density of microdefects, e.g. in Si,
may change drastically with T or concentration of an impurity (with other factors being equal), e.g. it may be smaller by a few orders of magni-
tude than in the later case. No effect of oxygen and carbon on the kinetics of formation and on the density of microdefects will be observed in
this case.

X-RAY REFLECTIVITY OF MULTILAYER MIRRORS FOR THE WATER WINDOW, H. Grimmer, P. Béni, U. Breitmeier,
D. Clemens, M. Horisberger, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland and H.-Ch. Mertins, F. Schifers, BESSY,

Berlin, Germany
Multilayers mirrors consisting of alternating layers of W/C, W/Ti, Ni/Ti or Ni/V were produced by DC magnetron sputter deposition. The figure

shows a typical result of Cu Ko characterization.
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Detailed results on the roughness of the various interfaces have been obtained using the program SUPREF to simulate the measured results.
The reflectivity for soft X-rays was measured at BESSY with a reflectometer at the beamline PM4. Special attention was given to the fine struc-
ture of the reflectivity enhancement at the absorption edges of C (4.36 nm), Ti (2.73 nm) or V (2.42 nm). The measured reflectivities are among
the best obtained world-wide for any combination of materials.

STUDY OF THE HETEROEPITAXIAL GROWTH OF BiSrCaCuO THIN FILMS ON MgO, W. Seiler, J.L. Lebrun, LM3, Ecole
Nationale Supérieure d’Arts et Métiers, 151 Boulevard de 1’Hopital, 75013 Paris, France, A. Laurent, J. Perriére. Groupe de

Physique des Solides, Universités Paris VII et Paris VI, URA-17, Tour 23, 2, Place Jussieu, 75251 Paris Cedex 05, France
BiSrCaCuO thin films have been grown on single crystal MgO (100) substrates by the pulsed laser ablation method. X-ray diffraction was used
to determine the phase formation («2212» Bi,Sr,Ca;Cu,Og, or «2201 Bi,Sr,Cu;Og), to study the crystalline quality of the films, and to measu-
re the film-substrate in-plane orientation relationships.

Highly textured films were formed, and X-ray diffraction evidences either the growth of pure «2201»films, or a phase intergrowth, i.e the ran-
dom stacking of «2201» and «2212» cells in the films. The film-substrate epitaxial relationships were studied by asymetric X-ray diffraction.
Despite the large lattice mismatch between film (0.54 nm) and substrate (0.42 nm), epitaxial films were grown, and an unexpected in-plane orien-
tation (around 12.5°) was observed, which does not correspond to a simple coincidence of the film and substrate lattices. The precise value of the
in-plane orientation (between 11 and 14°) depends upon the growth conditions (substrate T and O, pressure). These results will be discussed in
relation with the incommensurate modulation in the a-b plane of BiSrCaCuO. In fact, a correlation is observed between the modulation wave-
length (measured by X-ray diffraction) and the in-plane orientation.

STUDIES OF CdTe CLEAVAGE SURFACES AND INFLUENCE OF SUBSTRATES SURFACE DEFORMATION ON
HgCdTe EPITAXIAL LAYERS GROWTH, LV. Kurilo, 1.0. Rudyj, P.V. Galiy, T.M. Nenchuk, O.I. Vlasenko, State University
“Lviv Politechnic”, Bandera Str.12, 290646 Lviv, Ukraine

The physical properties of HgCdTe are determined by point and extend structural defects and background impurities also, which are interacting
with point defects that results in deep levels formation in energy gap of the material CdTe substrates technological manufacturing before epitaxial
films (EF) growth by isotermal vapour epitaxial method leads to defect structure reconstruction of deformed regions. Therefore the controlled
introduction of extend defects into the substrate with the aim of investigation of their influence on nucleating character, elementary processes of
growth and structure perfection and EF morphology is of great importance.

The extend defects were introduced into substrate by local deformation with indentor weighted as (5..20)10-2 N. The surfaces of substrates without
epitaxial growth (control) anc EF were studied with Auger electron spectroscopy (AES) method. The properties of CdTe (110) cleavage surfaces
were studied also. The slight stoichiometry deviation (+:10%) on the surface of control substrates which were locally indented and admitted to air
for a long time has been evaluated according to AES spectra. The insignificant increase of cadmium concentration (2..7%)was observed at inden-
tor mark and its nearly region.

The indentor mark and its nearly region were characterized by higher mercury concentration and lower cadmium one.

MICROSTRUCTURE IMAGING OF THE YBCO THIN FILM/MgO SUBSTRATE INTERFACE: HRTEM AND FOURIER
ANALYSIS OF THE MOIRE FRINGE PATTERN, S. Auzary, F. Pailloux, R.J. Gaboriaud, Université de Poitiers, Laboratoire de
Meétallurgie Physique, UMR 6630 - CNRS, SP2MI - Bd 3 - téléport 2 - BP 179, 86960 Futuroscope cedex, France
Superconducting properties of YBaCuO thin films strongly depend on the film microstructure.The crystallographic orientation relationship bet-
ween the deposited film and the substrate together with the crystallographic defects contamined in the films are therefore of prime importance.
This study investigates the microstructure of the interface YBCO / MgO by means of TEM.

Observations were essentially carried out by high resolution imaging technique in plan-view samples and then focused on the moiré fringe pat-
tern brought about by the superimposition of both YBCO and MgO lattices.

Structural features and statistic measurements are studied from the Fourier analysis of the moiré fringe pattern.

Rtf:sults are dislcussed within the frame of the crystallographic accommodation of the misfit between both lattices essentially in terms of twinning
of the YBCO lattice.
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FORMATION AND TRANSFORMATION OF THE DAMAGED SURFACE LAYERS OF CRYSTALS, M.A. Rom,

V.F.Tkachenko, “Institute for Single Crystals”, 60 Lenin ave., 310001, Kharkov, Ukraine

The developed by the authors X-ray methods allow to recover the profiles of distortions localized in the layers 0 2...100 pm thick They were used
for the study of mechanisms of damaged layers (DL) formation in the process of mechanical treatment of crystals. Alongside with the peferen-
tially translational plasticity (sliding typej typical for crystals with the lattice NaCl, CsCl on the mixed crystals CsJ-CsBr one could observe a
rotational plasticity (throw-off formation type). In the K(H,_,D,),PO, the dynamic recrystallization plays a significant role in the formation of
DL.

In DL the structural transition single crystal = polycrystal is observed always. Physico-chemical processes proceeding during the following ther-
mal treatment of crystals define the degree of structure quality and phase composition of DL. In crystals NaCl, CsJ DL is absorbed by the single
crystalline matrix. At a constant profile of strong structural distortions in DL of CdS rapidly proceed the processes of diffusion and desorption of
Cd atoms, the temperature of KH,P0, decomposition becomes lower. DL moves into the volume of the material (CsJ-CsBr) due to recrystalliza-
tion with the formation of a stable system of boundaries, in K(H,D,),PO, disdeuteration takes place being accompanied by the generation of
new dislocations.

THREE-CRYSTAL X-RAY DIFFRACTOMETRY FOR HIGH PRECISION STUDY OF SUBSURFACE LAYERS OF CRYS-

TALS, V.F. Tkachenko and M.A.Rom, “Institute for Single Crystals”, 60 Lenin ave, 310001, Kharkov, Ukraine

A three-crystal X-ray diffractometer (TXD) for the solution of a wide class of problems has been designed and created. Two goniometric devices
allow to realize different schemes for installation of monochromators, sample under study, to make analysis in the geometry of Bragg, Laue and
according to a mixed scheme. When the scheme (n, n, -m) is used the angular resolution of about 0.5 arcs can be achieved. The design of TXD
gives a possibility to pass easily to the work with different radiations, monochromators and orders of reflection.

The angular range of the registration of the diffraction reflection curves (DRC) was broadened up to +172° over the scale of the radiation detec-
tor and a linear scanning of the samples was provided. The determination of Ad/d value with the error reaching ~10-7 for perfect crystals and films
is realized at a simultaneous illumination with the X-ray beam and registration of DRC of two samples one of which is the studied sample and
the other - the reference. This method allows to minimize the effect of the temperature and other factors that are essential in the Bond method.
The developed device and methods were applied for the analysis of the kinetics of the epitaxial films growth from the solution-melt and the cha-
racter of the transitional layer, for the investigation of structure quality of the surface layers of a number of crystals subjected to different exter-
nal effects.

X-RAY ANALYSIS OF THE NONUNIFORM SURFACE AREAS OF SOLIDS, M.A. Rom and V.F. Tkachenko, “Institute for

Single Crystals”, 60 Lenin ave., 310001, Kharkov, Ukraine

The nondestructive diffraction analysis of the damaged surface layers,thin films and coatings characterized by the perfection gradient of structu-
re and phase composition over the depth becomes possible owing to the application of methods of variation of weight function intensity (WFI).
The correlation between the profiles of the distribution of the studied parameters over the depth and integral characteristics of the diffraction expe-
riment was established in the kinematic approximation. This allowed to solve a reverse problem - to recover the distribution of phase concentra-
tion, crystal lattice periods, parameters of thin structure, texture etc..

The experimental variation of WFI is achieved by the variation of the sliding angle o of the incident X-ray beam on the studied surface or by
changing the wavelength of radiation. The variation of o is realized depending on the character of the object under investigation: by the turn of
the sample for the analysis of weakly textured polycrystals; by rotation of the sample around the diffraction vector in the asymmetric Bragg’s case
for the analysis of single crystals and textured polycrystals. The considered approach was realized on single crystals subjected to different exter-
nal effects and demonstrated high efficiency when studying processes proceeding in the layers 0.2...100 pm thick.

STRUCTURAL PHENOMENA OF Bi,SryCaCu,0Og,, THIN FILMS ON (110) SrTiO3 SUBSTRATES, E. Brecht, G. Linker,
T. Kroner, R Schneider, J. Geerk, O. Meyer, Forschungszentrum Karlsruhe, INFP, PO Box 3640, 76021 Karlsruhe, Germany, C.
Traeholt, National Centre for HREM, Laboratory of Materials Science, Delft University of Technology, Rotterdamseweg 137,
2628 Delft, The Netherlands

Bi,Sr,CaCu,0g., thin films with high structural perfection and superconducting transition temperatures T, around 70 K have been grown on (110)
oriented SrTiO; substrates using magnetron sputtering. In X-ray diffraction studies two different growth orientations are observed: a) tilted
domains with their c-axis almost parallel to [100]; and [010], and b) domains with their c-axis oriented perpendicular to the substrate surface.
Both growth orientations exhibit a full in-plane epitaxy within the (110); plane with [110] || [001];. In AFM investigations of the film surface mor-
phology the inclined domains are found to form thin plates tilted with respect to the substrate surface, while the c-axis domains have a smooth
surface with wide terraces. HRTEM studies support the high crystalline quality and phase purity. From the variation of the layer spacings along
the c-axis direction between the alternately stacked atomic layers the Bi-O layer has been identified as the first growth layer at the interface of
the c-axis oriented domains.

STRUCTURE CHARACTERIZATION OF METALLIC MULTILAYERS BY SYMMETRIC AND ASYMMETRIC X-RAY
DIFFRACTION, G. Gladyszewski, Dept of Physics, Technical University of Lublin, 20618 Lublin, Poland; S. Labat, P. Gergaud,
O. Thomas, MATOP, URA CNRS 1530, Fac. des Sciences de St Jéréme, 13397 Marseille Cedex 20, France

Structural characterization of multilayers is usually performed by the use of X-ray diffraction (XRD) techniques; commonly in the 6-26 geome-
try. Interpretation of obtained profiles is not straightforward, require a number of fitted parameters and some of them influence XRD profiles in
similar ways and therefore are difficult to separate. Moreover, in the case of most of the multilayered systems a number of local fitting minima
exists that cannot be avoided in standard fitting procedures. It is therefore necessary to base the structure characterization on different XRD geo-
metries to obtain additional information about interplanar distances, interdiffusion, roughness. In this work, we present results of the structure
characterization of Au/Ni multilayers, based on symmetric and asymmetric XRD. Particular attention is paid to interplanar distances, and com-
position profiles of studied multilayers. Symmetric XRD profiles are interpreted using the model of non-ideal superlattice structure based on a
Monte Carlo simulation. The model allows to fit experimental profiles starting within a wide range of interplanar distances and avoiding any local
minima. Asymmetric XRD measurements were performed for different hkl reflections. A stress analysis has been done by plotting dy, vs sin?¥
(where ¥ is the angle between the surface normal and [hkl]). The perpendicular distance is extrapolated from this curve at ¥ = 0. A stress free
lattice parameter and the stress in the plane are also extracted. Both asymmetric and symmetric XRD measurements confirm that perpendicular
interplanar distances in Au and Ni are larger than the bulk ones. These interplanar distances are discussed in terms of a stress free lattice para-
meter and a strained one.

COMPUTER SIMULATION OF X-RAY SCATTERING BY THIN SURFACE LAYERS, R. Barabash, Metal Physics

Department, National Technical University of Ukraine, pr. Pobedy 37, Kiev 252056, Ukraine

Theoretical analysis of X-ray scattering by surface layers and thin films was held out in the framework of kinematical theory of scattering. The
influence of concentration gradient on the peculiarities of X-ray intensity distribution was taken into account. Thin films as with free as with fixed
boundaries were considered. Structure changes due to the diffusion processes in HTSC thin films were analysed. Analitical expressions for X-ray
intensity scattering distributions depending on concentration gradient were obtained. It was established, that for X-ray scattering by such layers
line profile was not monotonous. It had the point of minimal intensity. The angle position of this point is connected with diffusion coefficient,
time and the rate of the movement of boundaries between different phases, formed in surface layers. Computer simulation of X-ray line profiles
for different values of diffusion parameters was held out. Instrumental broadening of diffraction line was taken into account. It was shown, that
the position of minimal intensity point moved to the side of larger angles with the increase of time or diffusion coefficient. Experimental X-ray
scattering intensity distributions were obtained for different compositions of surface layers and different conditions of diffusion processes. They
showed good agreement with the results of computer simulation. Diffusion parameters were determined from experimental data using the results
of theoretical analysis.
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TEM OBSERVATION OF FIB MICROMILLED SILICIDES AND SEMICONDUCTORS, M. Tanaka, K. Furuya and T. Saito,
National Research Institute for Metals, 1-2-1, Sengen, Tsukuba 305, Japan }

Focused Ion Beams (FIB) are becoming an effective tool in the formation of submicron devices. However, direct observation of structural changes
caused by the FIB irradiation is strongly required because FIB sometimes cause additional phenomena such as radiation damage or beam broa-
dening. In this study, specially designed TEM equipped with FIB (FIB/TEM) is used to observe the structural changes caused by the FIB irra-
diation to Ni and Pd silicide thin films grown on Si (111), or to Si(100),(111), GaAs(100) and 6H-8iC(001). 25 keV Ga*-FIB has been irradiated
to metal/Si and semiconductor TEM samples to a dose of 1.6x10!7ions/cm? at room temperature.

_Growth of metal silicides was achieved by the combination of EB deposition of metals on Si at room temperature and the subsequent annealing

at 573-673 K. Several size of squares were microfabricated by 25kV Ga*-FIB with the beam size of 0.2um. TEM observation was carried out
simultaneously. Uniform micromilling was achieved in the case of semiconductors, but silicides lose their phases from crystal to heavily dama-
ged states. Post irradiation annealing of silicides resulted in precipitation of Ni rich silicide and the formation of Si rich Pd silicide outside the
FIB irradiated area, respectively. The FIB beam broadening is found to be responsible for the reactions.

X-RAY DIFFRACTION STUDY OF STRUCTURE OF THIN CADMIUM AND COPPER SULPHIDES’ FILMS OBTAINED
FROM SINGLE-SOURCE PRECURSOR, N.I. Fainer, G.S. Yurjev, Y MNRumyantsev, M.L. Kosinova, E.A. Maximovskiy,
Institute of Inorganic Chemistry, SB RAS, Novosibirsk 630090, Russia

The present work is devoted to study of structure of thin CdS and Cu,S films by modificated X-ray diffraction method with the weak reflection
record from thin films having thickness ~1000-5000 A. The diffraction measurements were perfomed at both the storage ring synchrotron facili-
ty VEPP-3 at INP SB RAS, Novosibirsk, and DRON-4 diffractometer. The geometrical Bragg-Brentano schema of registration of diffraction pat-
terns was identical in both cases.

All thin semiconductor films were synthesized by remote plasma enchanced chemical vapour deposition using dithiocarbamates as single-source
precursors at low pressure and low temperatures of growth (373-773 K ). It was established that the type of substrate material plays the impor-
tant role in the formation of structure of cadmium and copper sulphide thin films: polycrystall hexagonal CdS was grown on (100)Si substrates
monocrystall cubic type CdS was grown on (100)InP. Mixture of polycrystalline cubic and hexagonal phases of copper sulphide were produced
on fused quartz, monocrystalline cubic Cu,S phase was grown on silicon substrate, polycrystalline hexagonal Cu,S was grown on CdS/Si(100)
heterostructure.

THE STUDY OF STRUCTURE OF THIN SILICON CARBONITRIDE FILMS BY SYNCHROTRON RADIATION DIF-
FRACTION, N.L Fainer, G.S. Yurjev, YM. Rumyantsev, M.L. Kosinova, E.A. Maximovskiy, Institute of Inorganic Chemistry,
SB RAS, Novosibirsk, 630090, Russia

The thin (1000-2500.A) films of silicon nitride and silicon carbonitride were grown on (100) GaAs at the total pressure 2x10-3 Torr and in the
temperature interval of 50-500°C from pure hexamethyldisilasane (HMDS) or its mixture with ammonia using plasma excitation.

The chemical composition, the thickness and refractive index, the surface morphology, low frequency permittivity and conductivity. of these films
were determined by different methods. Crystalline structure of the silicon carbonitride films was studied by various methods of X-rays analysis.
The diffraction experiments were performed at both the station «Anomalous scattering» of the storage ring synchrotron facility VEPP-3 and
DRON-4 diffractometer. The wavelength of X-ray can be varied in the range 0.6-4.0 A; the diameter of the input X-ray beam was 5x10-5.

The physical and chemical properties of thin silicon nitride(carbonitride) films strongly depend on the gas mixture and the growth temperature.
It was established that silicon carbonitride layers deposited from pure HMDS contain a considerable amount of carbon appeared in form Si-C
bonds (IR-data) and the nuclei of the second phase with size < Ium (electron microscopy data). The existence of both hexagonal h-Si;N, and
hexagonal h-SiC phases was suggested by X-ray investigation.
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X-RAY DIFFRACTION STUDY OF STRUCTURE OF THIN BORON NITRIDE FILMS OBTAINED FROM BORAZINE,
G.S. Yurjev, M.L. Kosinova, N.L. Fainer, Y.M. Rumyantsev, F.A. Kuznetsov, Institute of Inorganic Chemistry, SB RAS,
Novosibirsk, 630090, Russia

BN and BN, :H layers (1000+5000A) were synthesized on (100)Si and fused silica substrates by remote plasma enhanced chemical vapour depo-
sihon using as single-source precursor borazine (B3N3Hy) or its mixture with helium at the low pressure (3x10-3 - 10-1Torr) in the temperature
region of 100+600°C.

The physical and chemical properties of boron nitride films were studied by following methods: ellipsometry, IR-spectroscopy and X-ray dif-
fraction. IR-absorption spectra show the presence of B-N, N-H and B- H bonds. It was investigated structure of hoth the as-deposited films and
after thermal annealing (500-700°C). The diffraction patterns were recorded on diffractometer DRON-4 with the automated one circle (detector)
and the rotation of the samples relatively to the narrow incident radiatlon beam. The structure of boron nitride films were studied on dependence
of the growth temperature and borazine pressure. It was showed the as-grown boron nitrides films grown on (100)Si at low pressure (5x10-3 Torr)
from pure borazine represented the mixture of hexagonal and cubic modifications of BN. It was observed that BN films has multilayer formation
analogous the superlattice structure.

COMBINED HIGH RESOLUTION X-RAY DIFFRACTION AND EXAFS STUDIES OF Sij_4Ge,/Si HETEROSTRUC-
TURES, R.Felici, P. De Padova ISM-CNR, Via E.Fermi 38, 00044 Frascati, Italy; R.Larciprete ENEA, INN-FIS, PO 65, 00044,

Frascati, Italy; F.Comin, L.Ortega, V.Formoso, L.Ferrari ESRF, BP 220, 38043, Grenoble-Cedex, France

5i;.,Ge,/5i (001), 0.05<x<0.60, heterostructures are of continuous and increasing interest because of their potential use in Si-based opto-electro-
nic devices. Their properties strictly depend on the compositional gradient and strain due to the deposition techniques and thermal or laser annea-
ling processes.

In this paper we show reciprocal space maps obtained by high resolution x-ray diffraction measured on samples grown with different germanium
contents. On the same samples we have performed EXAFS measurements at the Ge k-edge for polarization directions paralle! and perpendicular
to the surface plane.

We will present the correlation existing between the alloy layer lattice parameters measured by x-ray diffraction and the chemical bond lengths
determined by EXAFS.

STRUCTURAL MODIFICATIONS IN ANODIC AMORPHOUS WO3; OXIDES IN ELECTROCHROMIC PROCESS,
L.A. Aleshina, S.V. Glazkova, L.A. Lugovskaya, V.P. Malinenko, Petrozavodsk State University (PSU), pr. Lenina, 33, 185640
Petrozavodsk, Russia

X-ray research of structure of anodic tungsten oxides in the process of electrochromic coloration and bleaching of films has been carried out in
this paper. Investigations have shown that in initial condition samples are amorphous, and arrangement of W and O atoms corresponds to confi-
guration characteristic for crystal modificationof hydrate WO, » 1/3 H, O.

The number of switching cycles varied from 102 till 105. The character of modiflcations in the X-ray diffraction pattern, taking place at the increa-
se of the number of switching cycles testifies the fact of transition from amorphous W03 «I/3H20 to hydrates with bigger content of water: WO,
*H,0 and WO; +2H,0. The process of transition is not monotonous. Quantity of phases of this hydrates sharp grows up after 104 switching cycles.
The analysis of change of distribution of intensity in the process of one and two coloration and bleaching cycles allow us to draw a conclusion
that radical modifications in the structure of amorphous WO; oxide take place on the stage of coloration in electrolyte.

STUDY OF STRUCTURAL PROPERTIES OF MOVPE GROWN ZnMgSSe LAYER BY HRXRD AND CATHODOLUMI-
NESCENCE, J. Xu(D, Q. Liu®, H. Kalisch®), (D1. Physikalisches Institut, RWTH Aachen, Sommerfeldstrasse 28, 52056
Aachen, Germany, (2YGerhard-Mercator-Universitit-GH Duisburg, FB  9,Werkstoffe der Elektrotechnik,

Sonderforschungsbereich 254, 47048 Duisburg, Germany, (G)nstitut fiir Halbleitertechnik 1, RWTH Aachen, Germany
ZnMgSSe alloy semiconductor is an attractive material for lattice matched waveguiding and cladding layer in blue-green diodes. However, this
material system suffers from a number of crystalline defects, which might be responsible for the rapid device degradation. In order to quick, non-
destructively study the structural properties such as compositional distribution, defects, strain and their correlation with growth parameters we
applied high resolution X-ray diffractometry (HRXRD) and spatially resolved cathodoluminescence(CL) combined with secondary electron(SE)
imaging to a series of ZnMgSeS samples grown by LP-MOVPE.

By X-ray diffraction -26 mode was perfomed to study the layer strain and relaxation status. Moreover triple-axis mode was used to seperate the
broadening effects of layer peak from in-depth compositional gradient and mosaiic structure. X-ray results show that the stain status and alloy
composition in ZnMgSeS layer changed with the thickness. Most of samples have a wide layer peak due to the high dislocation density, which
were also observed by panchromatic CL image (p> 105 cm-2). Additionally inhomogeneous emission intensity on CL micrographs and wavy sur-
faces on SE images were also observed at all samples. With the increasing layer thickness the in-depth compositional gradient becomes more
significant, and the contrast of intensity inhomogeneity in CL becomes stronger. The rocking curves of single and multi quantum structures indi-
cated their abrupt interfaces, but in-depth compositional gradient in the quaternary layer was also observed in the reciprocal space mapping.
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EELS ANALYSIS OF POLYMERS IN THE TEM, K Varlot(1), J.M. Martin(1), C. Quet(?); (DEcole Centrale de Lyon Laboratoire
de Tribologie et Dynamique des Systémes, UMR CNRS 5513, BP 163, 69131 Ecully Cedex, France. (DEIf Atochem, Groupement

de Recherches de Lacq, BP 34, Lacq, 64170 Artix, France

We have performed EELS analyis on different polymers (PET, PMMA, PS) in the analytical TEM in order to evaluate the possibility to obtain
chemical information at sub-micrometer scale. At the Carbon and Oxygen K-edges, we used a simulation of the ionisation continuum in order to
extract the core-exciton peaks. Then we proposed an identification of the different chemical bondings in agreement with XANES experiments. In
the low-loss region, we calculated the dielectric function and related parameters from the EELS spectra.

Moreover, as irradiation damage is the main limitation of EELS analysis in the TEM, we acquired spectra of polymers as a function of the irra-
diation dose. Irradiation damage is mainly due to inelastic scattering since elastic scattering in low Z-elements at low accelerating voltage is negli-
gible. So degradation mechanisms in polymers under electron beam can be deduced from changes in the core-exciton peaks and the dielectric
function.

All these informations obtained by TEM/EELS give a characteristic signature for each analysed polymer.

SMALL-ANGLE SCATTERING of X-RAYS (S-AS) of GaN, DEPOSITED on SiC and Al,03 SUBSTRATES, M.E. Boiko,

Yu.G. Shreter, E.N. Mokhov. AF. Ioffe Physical-Technical Institute, 26 Polytekhnicheskaya, 194021 St. Petersburg, Russia
The modified S-AS have been applied in studying of the defect structure GaN films.

We used for our x-rays measurements thick films (0.2-0.3mm) of the GaN deposited on (0001) plane of SiC substrate and thin (0.003-0.005mm)
films GaN deposited on sapphire (alpha-A1203). X-ray rocking curves show difference in full width at half maximum (FWHM) of those struc-
tures.

(S-AS) shows quite different picture for those samples. GaN films deposited on the SiC had the three-dimensional disoriented domains. GaN
domains distribute in liquid cluster model. It is seen by presence of strong incident peak and weak size-peak. The grid of GaN domains looked
like the network of 120 or 60 degrees 50 nm cell. Estimation the length (perpendicularly surface) of those hexagonal prism were 200-300nm.
The transmission mode S-AS carried out on GaN deposited on sapphire showed that variation of density distributed by a gas- like model.

LEED, AUGER AND SYNCHROTRON X-RAY DIFFRACTION STUDIES OF THIN Co AND Pt,Co;_, ALLOY FILMS ON
Pt(111). R. Baudoing-Savois, M. De Santis, P. Dolle, Y. Gauthier and M. C. Saint Lager, CNRS Laboratoire de Cristallographie,

Associé a I’Université J. Fourier, BP 166, 38042 Grenoble, France

Co films of thicknesses between submonolayer range and about 10 monolayers(ML) were grown on Pt(111) at room temperature, by means of
an electron bombardment Omicron source.

For all coverages, the LEED diagrams are of good quality. Between 1/8 ML and 5 ML we observe satellites arranged in hexagons: they are cen-
tered respectively around the Pt spot positions at low coverage, and around the unrelaxed «bulk» Co spot positions above = 3ML. X -ray scans
in the [0kO0], [h00] and [hkO] directions exibit also satellites, confirming a non pseudomorphic epitaxial growth. Intensity oscillations of the X-
ray specular beam favour a layer by layer growth model and allow calibration of the deposition rate, consistent with our previous Auger results.
LEED and Auger data evidenced two different alloy states depending on the annealing temperature (up to 360°C or up to 430°C) which were then
analysed in more details by synchrotron X-ray measurements. An oscillatory composition profile is evidenced in the top layers, similar to what
happens at the surface of bulk PtCo alloys. In-situ real time X-ray measurements during annealing allowed to follow the changes of the alloy film
parameters: lattice, thickness, interface roughness and average concentration; these results will be presented and discussed.

NEW X-RAY DIFFRACTION METHOD FOR MATERIALS SCIENCE, Z. Swiatek, J.T. Bonarski, R. Ciach, Polish Academy
of Sciences, Institute of Metallurgy and Materials Science, Reymonta st. 25, 30-059 Krakow, Poland and Z.T. Kuznicki, CNRS,

Laboratoire PHASE (UPR 292, BP 20, 67037 Strasbourg Cedex 2, France

A new and very promising x-ray diffraction method for the texture and internal stress investigation is described. This method based on the conven-
tional pole figure measurements in the back-reflection technique affords possibilities for investigations of the diffraction effects due to layers on
a given depth in a material. The condition of constant information depth is attained by abandoning the Bragg-Brentano focalization geometry
using an appropriate offset angle for each sample filt angle. During such measurement after selection of the adequate offset angle its correspon-
ding changes proceeds automatically. In order to obtain satisfactory integrated intensities a pseudo-position sensitive detection technique is
applied.

The proposed method in this non-symmetrical mode is recommendable and useful tool for studying texturized and epitaxial thin films as well as
multilayer systems.

CATHODOLUMINESCENCE STUDY OF CRYSTALLINE QUALITY OF (Al, Ga, In)N HETEROSTRUCTURES, Q. Liu,
H. Lakner, A. Meinert and E. Kubalek, Gerhard-Mercator-Universitit Duisburg, Werkstoffe der Elektrotechnik, 47048 Duisburg,

Germany and F. Scholz 4. Physikalisches Institut, Universitét Stuttgart, 70550 Stuttgart, Germany

Group Ill-nitride heterostructures have recently emerged as important semiconductor materials with applications to high power devices and light
emitting devices in the visible and ultra-violet range. For improved device performance and reliability the concentration of deep levels caused by
defects needs to be minimized. The goal of this work is non-destructive spatially resolved characterization of defects and microstructures of
MOVPE-grown wurtzite (Al, Ga, In)N heterostructures in correlation with growth parameters. We applied spectral and panchromatic cathodolu-
minescence (CL) combined with secondary electron (SE) imaging to investigate the electro-optical as well as the structural properties of (Al Ga,
In)N heterostructures, such as various energy levels, radiative recombination centers, interfacial quality and crystalline defects. Our CL study on
various group-III nitride quantum well structures shows distinct correlations between defects and luminescence behaviours. Panchromatic CL
micrographs exhibit typically inhomogeneous emission intensity. Further studies using spatially resolved spectral CL measurements show, that
the regulated intensity inhomogeneity (on a -1 um scale) is related to local variations of the interface quality, while CL-spectra recorded from dis-
location sites are dominated by the so-called «yellow-emission». Additionally, high resolution x-ray diffractometry (HRXRD) and scanning trans-
mission electron microscopy (STEM) were used to examine the structural properties and their correlation to CL results.

TEM AND X-RAY STUDY OF MBE GROWN Fe/Cr SUPERLATTICES WITH NON-COLLINEAR MAGNETIC STRUC-
TURE, T.P. Krinitsina, V.V. Popov, V.G. Pushin, A.M. Burhanov, V.I. Minin, V.V. Ustinov, Instiute of Metal Physics, Russian

Academy of Sciences, Ekaterinburg 620219, Russia

In the present work we report the results of TEM and X-Ray investigations of non-collinear Fe/Cr superlattices, grown by molecular-beam epi-
taxy on (101)Al,0; substrates. The multilayer structure represents a pseudo-single crystal composed of nanodimensional crystallites with predo-
minantly columnar morphology, separated by low-angle and special high-angle boundaries. These crystallites are partially coherently connected
with the substrate, they have equiaxial form in the plane parallel to the substrate plane and in the perpendicular direction their morphology is pre-
dominantly prismatic. Three possible orientations of these crystallites relatively to the substrate have been found, namely: {110}, {100} and
{311}, the first being dominating. As the Cr layers thickness increases, the crystallites dimensions are found to become somewhat larger and their
form approaches to equiaxial. As a result of boundaries migration the nanocrystals gradually acquire the plane facet cut along the planes of {110},
{100}, {112} type. It may be suggested that the correlation length of roughness on interlayer boundaries has the same scale as the transverse size
of crystallites (10-20 nm). This may be one of the origins of non-collinear magnetic structure formation in Fe/Cr superlattices.
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X-RAY METHOD OF MICROPORE FILLING EFFICIENCY CONTROL IN ALUMINIUM OXIDE FILMS, V.V. Petrova,
Petrozavodsk State University (PSU), Lenin Prosp, 33, 185640 Petrozavodsk, Russia, A.A. Savina, PSU, Lenin St. 33, 185640

Petrozavodsk, Russia.

The procedure of micropore filling effeciency control in porous films by leading a filler into pores is proposed. The method is based on direct
measurements of experimental X-ray Small-Angle Scattering (SAS) intensities for samples in an initial state and after chemical-technological
treatment .

Process of pore filling is mostly controlled through changes in object mass: the result is estimated by comparison of addition in film mass with
the theoretically calculated value. This procedure doesn’t provide differentiative information about pore sizes and cannot pretend to high preci-
sion because of its small sensitivity. :

The merit of proposed method in comparison to the weigh one is that it allows to define volume micropore content by direct measurements of
SAS-intensities, get data about a pore size distribution and calculate the filling extent of different size fraction pores from SAS-intensities
changes caused by pores filling of matter differed from oxide matrix in whole or in part.

TEM OBSERVATIONS OF NANOMETER THICK COBALT DEPOSITS IN ALUMINA SANDWICHES, F. Fettar, P. Holody,
S.-F. Lee, L.-L. Maurice, F. Pétroff, L.F. Schelp, A. Vaurés, and A. Fert, Unité Mixte de Physique CNRS/Thomson-CSF, 91404

Orsay, France.

We have prepared by sputtering tunnel junctions in which cobalt electrodes are separated by a sandwich made of a thin deposit of Co (nominal-
ly 0.2 nm to 2 nm) between two Al,O5 layers 4 nm thick. These structures are interesting for spin dependent tunnelling with Coulomb blockade,
an effect related to the shape and distribution of the clusters formed by the cobalt.

We present a transmission electron microscopy (TEM) study of these structures. Samples for TEM observations in plan-view and cross section
were deposited onto carbon membranes and <100> Si, respectively, simultaneously with the tunnel junctions but without the electrodes.

The cobalt appears to form individual clusters for a nominal Co thickness, tc,, of 1 nm or less. For to, = 0.4 nm, 0.7 nm and 1 nm, the mean clus-
ter diameter was found to be 2, 2.5, and 5.5 nm, respectively, with a standard deviation of about 0.5 nm in each case. As t¢, increases to 2 nm,
the cluster shapes become more complex and a percolation threshold is reached.

CANCELLED.

NANOCRYSTALLINE Ta SEED- AND CAPPING-LAYERS FOR MAGNETIC THIN FILM MULTILAYERED STRUC-
TURES*_F. Bensmina(!), P. Humbert(1), M. Benaissa@), G. Ehret(1), V.S. Speriosu(®) and B.A. Gurney®), (DIPCMS, 23 rue

Loess, Strasbourg, France, (Z)IFUNAM, Mexico D.F., Mexico, (3)IBM Almaden Research Center, San Jose, CA, USA

Sputtered Ta thin fIms have been extensively studied for their applications in microelectronics and, more recently, in x-ray optics. In magnetic
multilayered structures, Ta thin films can be advantageously used as seed layers to favor a <111> oriented growth of fcc metals, such as Co, NiFe,
Cu or FeMn, and as capping layers to prevent air-oxidation of these multilayered structures.

Magnetron-sputtered sandwiches with the structure Ta 50A/Co 80A/Ta 50A and Ta 50A/Cu 504/Co 75A/Cu 50A/Ta 50A were deposited on air-
exposed Si wafers. The sandwiches were investigated by HRTEM (topview and cross- sectional samples). With the sputtering conditions used,
the Ta layers grow nearly amorphous. The very reproducible morphology however shows short-range ordering characterized by randomly orien-
ted nanocrystals consisting of stacks of a few atomic planes, about 10-20A wide. Topview electron diffraction micrographs only reveal two broad
rings (2.2-2.5A and 1.35-1.45A) attributable to Ta. The first diffraction ring is actually composed of at least two line contributions. These results
are in agreement with those obtained by grazing incidence XRD. They can be interpreted as resulting mainly from a tetragonal §-Ta structure
affected by the small crystallite size, although the presence of some distorted bee Ta cannot be ruled out. On the other hand the absence of grain
boundaries in the Ta layers explains their efficiency as protective layers. Oxidation indeed proceeds through slow diffusion into the top Ta layer,
leading to an amorphous Ta oxide layer of about 30A in thickness at the air-exposed surface.

(*This work was supported by NATOCollaborative Research Grant No CRG931539)

STM AND XRD STUDIES OF THE EFFECT OF THE DEPOSITION TEMPERATURE ON THE MAGNETORESISTANCE
BEHAVIOUR OF La-Ca-Mn-O FILMS GROWN BY PULSED LASER DEPOSITION, Wei Zhang and I.W. Boyd, Department
of Electronic & Electrical Engineering, University College London, Torrington Place, London WCIE 7JE, UK, M. Elliott and

W. Herrenden-Harkerand, Department of Physics and Astronomy, University of Wales, Cardiff CF2 3YB, UK

Recent studies of La-Ca-Mn-O films grown on LaA10; substrates by pulsed laser deposition (PLD) show a strong dependence of the magneto-
resistive (MR) behaviour of the films on the preparation conditions. The deposition temperature, in particular, plays an important role in affec-
ting the transport properties and magnetoresistance behaviour of the films. High deposition temperatures produce the largest MR values, whilst
the maximum MR values measured at room temperature appeared in films grown at lower deposition temperatures. Therefore an investigation of
effect of deposition temperature on the structure, stoichiometry and Curie temperature of the films is clearly necessary to more completely unders-
tand this phenomenon.

In this paper, the growth of giant magnetoresitance La-Ca-Mn-O films on Si (100) substrates using an Nd:YAG laser operating at 266nm and stan-
dard PLD apparatus is reported for a range of deposition temperatures. The structure, surface morphology and electrical properties of the La-Ca-
Mn-O films were characterised by XRD, STM and the four-point probe technique. It was found that the orientation of the perovskite-cubic struc-
ture of the films is changed from the (100) to the (110) direction and the peak of the measured temperature versus resistivity curve shifted to low
temperatures when the substrate temperature increased from 700°C to 900°C. STM also confirms a significant structure change on the surface of
the films. The observed phenomenon can be explained by the onset of lattice distortion during the different deposition processes.

INVESTIGATION OF CHEMICAL ORDERING IN MBE-GROWN Co,Pt;_, FILMS BY XRD AND HRTEM, M. Maret,
C. Uhlag-Bouillet, W. Staiger, M.C. Cadeville, IPCMS, GEMM, UMR46 CNRS-ULP, 23 Rue du Loess, 67037 Strasbourg,

France, and S. Lefebvre, M. Bessiére, LURE, Bat 209D, 91405 Orsay, France

From X-ray diffraction, long-range chemical ordering along the growth direction was found in CogPt,, films, exhibiting mostly hep stacking and
grown around 690 K on 150 A Ru (0001) buffer deposited on mica(001) substrate, while no chemica] ordering in the (0001) planes was detected.
This film structure is clearly different from the fcc L1,-type structure of the Co;Pt bulk alloy, where all the (111) planes have the same Co3Pt
composition. It is indeed in- cluced by the codeposition process and driven by both Pt surface segregation and dominant surface diffusion. An
increase of the deposition temperature in the range 500-690 K favors both the growth of the hep phase and long-range ordering along the grow-
th direction. The microstructure of these films was investigated by HRTEM using TOPCON 002B and JEOL 4000EX microscopes. The cross-
section images along the [1120] direction of the Ru buffer show the coexistence of the two types of stacking, hcp and fcc. Image processing by
Fourier transform of these different area were performed to give local information on long-range ordering.
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EPITAXIAL STRAIN IN (110) RE-Fe, THIN FILMS (RE=RARE EARTH), A. Mougin, C. Dufour, K. Dumesnil, Ph. Mangin,
G. Marchal, L.PM., U. H.P.-Nancy I, BP 239, 54506 Vandoeuvre Cedex, France, and G. Patrat, L. de Cristallographie, BP 66,

38042 Grenoble Cedex 9, France

(110) RE-Fe, single crystal thin films (with RE=Y, Sm, Gd, Tb, Dy, Dy 7Tby 3, Er) have been grown by molecular beam epitaxy. The parameter
a, along the growth direction (110) was measured by standard X-ray diffraction, whereas the a, parameter, the distance between the (110) planes
perpendicular to the surface, was determined by grazing incidence X-ray diffraction. a, is smaller and, correlatively, a, is larger than the bulk
parameter. Consequently, the films are submitted to a €, shear (., = (a- a,)/2a, where a is the average parameter) varying between -0.1% and
-0.6%. The &, shear is shown to induce modification of the easy direction of magnetization compared to bulk compounds. For YFe,/RE-Fe,
bilayers, a minimization of the total elastic energy, considering a perfect epitaxy between both compounds, leads to calculated equilibrium shears
in good agreement with the experimental ones.

NANOCRYSTALLINE THIN FILMS OF TITANIUM GROWN ON KBr SUBSTRATE, Ph. Komninou, Th. Kehagias,
Th. Karakostas, P. Poulopoulos, M. Aggelakeris, N. Flevaris, Physics Department, Solid State Section 313-1, Aristotle University
of Thessaloniki, Thessaloniki 54006, Greece and T. Braisaz, P. Ruterana, G. Nouet, LERMAT 6004 CNRS - ISMRA, 6 Boulevard

du Maréchal Juin, 14050 Caen Cedex, France

Thin fitms of titanium were grown on KBr substrate. Whatever the substrate temperature, diffraction patterns (TEM) exhibit several rings typi-
cal of o-Ti showing that the mean grain size is very low (10nm).

The most important characteristic of the nanograins is the formation of twins of the type: K;= {1101 },M; =(1012) The observation direction in
HREM is along (1123). Although the white or dark spots correspond to two atomic columns, it is confirmed that the twin plane is a mirror plane.
Some of these twins contain steps which were associated with the twinning dislocation b,,. In other nanograins, multiple twinning can occur with
a twin plane every five or six {1011} planes.

The origin of these twins could be attributed to growth mechanism but the presence of twinning dislocations might suggest than some parts of
theses films are under stress.

TEM AND XRD STUDY OF SOLID PHASE INTERACTIONS IN EPITAXIAL Fe/GaAs (001) STRUCTURES, A. Rocher,
CEMES/CNRS, BP 4347, 31055 Toulouse, France, and B. Lépine, S. Deputier, A. Guivarc’h and G. Jézéquel, UMR PALMS,

Université de Rennes I, 35042 Rennes, France

The epitaxial growth of iron on GaAs have been largely studied for nearly twenty years and optimum experimental conditions have been propo-
sed elsewhere. However, numerous question subsist : it is difficult to reconcile the interface disruption and intermixing with the epitaxial grow-
th of Fe and to understand the decrease of the average film magnetization for thin Fe layers.

In this context, we studied the solid phase epitaxy of Fe/GaAs. Prepared in UHV conditions, 20-100 nm Fe thick films were deposited on GaAs
buffer layers at room temperature and the samples were annealed in situ in the range of 350-500°C. The various specimens were studied by X-
Ray diffraction and Transmission electron microscopy (TEM) in order to determine the resulting compounds given by the in situ heat treatment.
There is no reaction for heat treatments below 300°C. At the interface only the epitaxial relationship between Fe(001)/GaAs(001) is observed by
electron diffraction. At 400°C the interdiffusions appear. They lead to the formation of a layer made of both the ferro-magnetic ternary phase
Fe;Ga, sAsy s and the antiferromagnetic compound Fe,As. Both compounds are oriented with the substrate following some intergranular rela-
tionships corresponding to a crystalline coincidence with the GaAs. At higher temperatures (500°C), the expected stable phase Fe;GaAs/GaAs is
not obtained because the decomposition of the reacted layer, leading to a probable FeGaz/GaAs structure.

DETERMINATION OF ORIENTATION RELATIONSHIPS INCLUDING POLARITY FOR HETEROEPITAXIAL STRUC-
TURES “GALLIUM NITRIDE ON DIFFERENT CUTS OF SAPPHIRE”, A.N.Efimov and A.O.Lebedev, Ioffe Institute,
Polytekhnitcheskaya, 26, 194021 St.-Petersburg, Russia

Orientation Relationships (ORs) including polarity seem to be extremely necessary, firstly, to understand the nature of an interface between
incommensurate crystal structures and, secondly, to know an effect of interface defect structure on output parameters. For example, local domains
with an inverse direction of polar axis significantly decrease an effectiveness of devices and at the same time can not be detected by conventio-
nal X-ray techniques. To determine ORs with polarity we have successfully used Kossel effect. Electron beam of SEM excites Ga Ka X-rays
which passing through both the layer and the substrate create the diffraction patterns. Geometry of Kossel lines is governed by Bragg law while
the fine structures of them (i.e. the distribution of contrast across the lines) is described by the dynamic theory of X-rays scattering. It is essen-
tial that HKL and -H,-K,-L reflections show different fine structures. Just this fact was used for polarity determination. Interpretation of Kossel
patterns was carried out comparing an experimental and computer simulated pictures. Experimental results both original and published earlier
by other authors on the orientation relationships including polarity of the layer for GaN epitaxial layers grown on various substrates are sum-
marized.

OPTICAL AND DIGITAL PROCESSING OF HRTEM IMAGES OF SI THIN FILM DEPOSITED BY RTCVD, F. Pailloux,
E.L. Mathe, H. Garem, RJ Gaboriaud, LMP, BP 179, 869690 Futuroscope Cedex, J.C. Muller, CNRS-PHASE, 23 rue du Loess,
67037 Strasbourg Cedex, France

Thin film of Si deposited by RTCVD on (001) Si wafer was investigated by cross sectionnal sample in an 3010 JEOL high resolution microsco-
pe, in order to study the epitaxy and extended lattice defects brought about by the deposition process, in the thin film. HRTEM images of exten-
ded defects were investigated by optical fourier analysis in different places of the picture wich leads to an explanation in terms of twins and per-
iodicity of twin lamelas.

Further analysis by means of digital processing of the HRTEM pictures is done by "Holographic Reconstruction’ and are interpreted in terms of
strain field in the matrix.

DIGITAL PROCESSING OF HRTEM IMAGES OF SEMICONDUCTOR INTERFACES, E Snoeck, A Rocher, CEMES/CNRS,

BP 4347, 31055 Toulouse, France

The crystalline structures of interfaces have been studied by High Resolution Electron Microscopy (HREM) for lattice mismatched systems:
GaSb/(001)GaAs (8%) and GalnAs/(001)InP (3.1%). Digital processing technique has been performed in order to evaluate the relaxation of the
system and the extension of the intermediate zone between the substrate and the epilayer where the crystalline structure is not well defined.

The GaSb grown by MBE at 470°C on GaAs is known to be perfectly relaxed by a Lomer dislocations network directly created during the island
growth, The intermediate zone is measured to be few atomic planes thick.

The Gal-x InxAs is grown on InP by MBE at 450°C with x< 10%. The intermediate zone appears to be thicker than 4nm. The organization of
misfit dislocations involved in the relaxation process is studied. Misfit dislocations, poorly organized, are mainly partial and 60° types. Above
this interfacial zone, the GalnAs layer appears to be fully relaxed.
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TEM STUDIES OF UNUSUAL CRYSTALLINE STRUCTURES FORMED IN AMORPHOUS FILMS, V.Yu.Kolosov* and

A.R.Tholen, Physics Dept., Chalmers University of Technology, Goteborg 41296, Sweden

An unusual internal lattice bending (up to 120 degrees per micron) has been observed in different thin amorphous films subjected to transforma-
tion amorphous - crystalline [1].

We will here report about such a transformation in thin films of amorphous iron oxide (Fe,03), which were exposed to the electron beams of dif-
ferent size and intensities inside the electron microscope and transformed to concentric annular areas (width about 1 micron) of «perfect» and
«imperfect» crystallline zones of distinct diffraction contrast. The two different zones are thus crystalline both with a constant internal bending
of the lattice: the crystals themselves are not bent but regular rotation of the lattice (from <001> to <100>) between the centres of any adjacent
zones is accumulated inside grains. The grain morphology in the two zones is, however, completely different with quite large grains in the «per-
fect» zones and fine grains in the «imperfect» zone, where the grains often are crescentlike with their smallest dimension being around 20 nm.
This unusual microstructures were studied with a Philips CM200 FEG microscope using HREM, EDX, CBED, EELS and bend-contour tech-
nique, developed earlier [1].

[1] Kolosov V.Yu. Proc XII ICEM, 1990,Vol .1, 574

* Also at Ural State University, Ekaterinburg, Russia




ICAM/E-MRS’97 SPRING MEETING

SYMPOSIUM D

Computational Modeling of Issues in Materials
Science |

Symposium Organizers
H. DREYSSE, IPCMS-GEMME, Université Louis Pasteur, Strasbourg, France
L.T. WILLE, Florida Atlantic University, Boca Raton, FL, USA

Y. KAWAZOE, Tohoku University, Sendai, Japan

M. DOYAMA, Teikyo University of Sciences and Technology, Yamanashi, Japan

The assistance provided by the
HCM Network «Ab-initio calculation of complex processes in materials»
is acknowledged with gratitude.




Monday June 16, 1997
Lundi 16 juin 1997

D-L.1

D-1.2

D-L.4

SYMPOSIUM D

Afternoon
Aprés-midi

Session I - General Simulation Methods

- invited -

14:00-14:30

14:30-14:45

14:45-15:00

15:00-15:15

MATERIALS SCIENCE BY NUMBERS, U. Landman, School of Physics, Georgia Institute of
Technology, Atlanta, GA 30332-0430, USA

Computer-based simulations open new avenues for investigations of materials properties, allowing elucidation
of observations, prediction of novel phenomena, as well as serving as a testing ground for new concepts. In this
talk the methodologies of certain classical and quantum mechanical molecular dynamics simulations will be
discussed and demonstrated in the context of size-evolutionary patterns of materials clusters, mechanical pro-
perties and quantized conductance in nanowires, nanocrystals and their assemblies, atomic-scale friction, and
molecular viscoelastic hydrodynamics in lubricated narrow junctions.

NEW SIMULATION TECHNIQUE OF GRAIN GROWTH, P. Paillard(1), R. Penelle(® and
V. Pontikis{1:3), (DLaboratoire de Métallurgie Physique, Université de Lille 1, 59655 Villencuve
d’Ascq, France, (3)Laboratoire de Métallurgic Structurale, Université Paris Sud, 91405 Orsay
Cedex, France, ()Laboratoire des Solides Irradiés,CEA/CNRS/Ecole Polytechnique, 91128

Palaiseau Cedex, France

We present a new simulation technique of grain growth which over-comes limitations of the usual Monte Carlo
and Vertex methods. In this technique, grain boundary migration is treated deterministicaly by numerically inte-
grating a classical equation of motion based on experimental data. Moreover, the influence of grain misorien-
tation and of interfacial tension are fully accounted for. Input data such as the grain boundary mobility depen-
dence as a function of temperature and misorientation and the grain boundary excess energy dependence as a
function of the misorientation, are key quantities determining the kind of real system being simulated. As a vali-
dation test, the results here presented treat of normal grain growth in aluminum in two dimensions. However,
the technique can be easily adapted to the three-dimensional case, issue to which work in progress is devoted.
Finally, we discuss the applicability of this method to the cases of abnormal grain growth and of primary recrys-
tallization.

COMPUTER SIMULATION OF MARTENSITIC TRANSFORMATIONS IN NiAl-ALLOYS,
R. Meyer and P. Entel, Theoretische Tieftemperaturphysik, Gerhard-Mercator-Universitit -
Gesamthochschule Duisburg, Lotharstrasse 1, 47048 Duisburg, Germany

Modelling of alloys with semi-empirical potentials allows computer simulations with many atoms. Such stu-
dies may elucidate the relationships between atomistic properties of the materials and the formation of micro-
structure during diffusionless transformations. We have done molecular dynamics simulations of NixAl,_,
alloys which exhibit martensitic transformations in the region 0.60 < x < 0.66. Results show the formation of
premartensitic structures like tweed as well as the development of microstructure on a nanometer scale.
Calculations of the static and dynamic structure factor give further insight into these phenomena.

COMPUTER SIMULATION OF MARTENSITIC TEXTURES: CONSEQUENCE OF ELASTIC
COMPAIBILITY CONDITIONS AND COMPOSITIONAL DISORDER, A. Saxena and
AR. Bishop, Los Alamos National Lab., USA, S.R. Shenoy, ICTP, Trieste, Italy and T. Lookman,

Univ. Western Ontario, Canada

We consider a Ginzburg-Landau model free energy F(e,e,e,) for a (2D) martensitic tra,nsition, that provides a
unified understanding of varied twin/tweed textures. Here F is a triple well potential in the rectangular strain
(€) order parameter and quadratic €12, €22 in the compressional and shear strains, respectively. Random com-
positional fluctuations 7)(r) (e.g. in an alloy) are gradient-coupled to €, ~ — Z; &(r) [(A%-AZM(1)] in a ‘local-
stress” model. We find that the compatibility condition [linking ten,sor componets £(r) and e, (r) e,(r)], together
with local variations such as interfaces or 1(r) fluctuations, can drive the formation of global elastic textures,
through long-range and anisotropic effective €-¢ interactions. We have carried out extensive relaxational com-
puter simulations using the time-dependent Ginzburg-Landau (TDGL) equation that supports our analytic work
and shows the spontaneous formation of parallel twins; branched twins; chequer-board tweed; and hierarchical
tweed, with the last texture playing a role in a suggested model scenario for shape memory. The observed
microstructure in NiAl and Fe,Pd, , alloys is explained on the basis of our analysis and simulations.
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D-1.5 15:15-15:30 THE MICROSCOPIC THEORY OF DIFFUSION-CONTROLLED DEFECT AGGREGATION,
E.A. Kotomin(1-2), V.N. Kuzovkov(1-3) and W.von Niessen(®), (DInstitute of Solid State Physics,
8 Kengaraga Str., Riga 1063, Latvia, (2Freie Universitit Berlin, Fachbereich Physik, Berlin
14195, Germany, (3Technische Universitit Braunschweig, Germany

The kinetics of diffusion-controlled defect accumulation and aggregation under irradiation of solids is of great
technological importance. However, the development of rigorous theory is complicated mainly by the necessi-
ty to take into account defect interaction which namely leads to similar-defect aggregation and, at appropriate
temperatures and irradiation intensities - to metal colloid formation in ionic solids. In this paper, we briefly ana-
lyze three types of approaches to this problem - macroscopic, mesoscopic and microscopic, and discuss their
advantages and disadvantages. We focus on the microscopic, atomistic formalism of the many-point particle
densities [1] which uses only defect diffusion coefficients and attraction energies between similar and dissimi-
lar Frenke! defects - vacancies, v, and interstitial atoms, i, E ;,, 1, m = v, i. It is shown that the aggregation kine-
tics is a cooperative process in which the aggregation of vacancies triggers the aggregation of interstitials, and
vice versa. Theoretical results are illustrated by extensive experimental data for NaCl and CaF) crystals.

[I] E.A. Kotomin and V.N. Kuzovkov, Modern Aspects of Diffusion- Controlled Processes (Elsevier,
Amsterdam. 1996)

D-1.6 15:30-15:45 EMBEDDED ATOM POTENTIALS IN FCC AND BCC METALS, M. Doyama and Y. Kogur,

Teikyo University of Science and Technology, Uenohara, Yamanashi 409-01, Japan

In metals, the interaction cannot be represented by a pairwise potential but many body potentials. By the
embedded function, surface problems can be treated. An n-body embedded function is proposed. The total ener-
gy is given by Eyo = Y E;, 1y = Ir; - 1, B = F(py) + (1/2) 3, O(ry), F(p) =D p In p, and p; = 3. £ (ryp). Here B,y
is the total internal energy. ]3; is the internal energy associated with atom i. p; is the electron density at atom i
due to all other atoms. F(p;) is the embedding energy of atom into electron density p;.

®@(ry) is the two body central potential between atoms i and j separated by ry;. @(ry;) is the contribution to the
electron density at atom i due to atom j at the distance ry; from atom i. &(r) and f(ri are represented by @(r) =
A(r,;-1)2 exp(-C 1), and f (r) = B(re,1)2exp(-C,r). The parameters are determined by use of the formation ener-
gy of a vacancy, cohesive energy, Cy), Cy3, Cy4 and the lattice parameters for copper, silver and gold.

For bee metals ®(r) = A, (r,1)2exp(-C;r), and (1) = B(r.-1)2exp(-Cyr) or f(r)= Ay(r.1)? (r2+Br+C,) are assu-
med. The parameters are determined to fit to the formation energy of a vacancy, cohesive energy, Cy, Cip, Cay
and the lattice parameters.

A few applications to the calculation of point defects will presented.

15:45-16:15 BREAK

Session II - Ab Initio and Tight-Binding Molecular Dynamics

D-IL1 - invited - 16:15-16:45 FIRST PRINCIPLES MOLECULAR DYNAMICS OF ORGANIC AND ORGANOMETALLIC
COMPOUNDS, F. Gygi, IRRMA, PPH-Ecublens, 1015 Lausanne, Switzerland

Ab initio molecular dynamics simulations of organic and organometallic compounds represent a challenge in
the field of electronic structure methods. The presence of first-row elements as well as transition metals requires
a highly accurate numerical method. Various approaches have been proposed to deal with this difficulty. We
present results of calculations performed within the framework of Density Functional Theory using norm-
conserving pseudopotentials. Molecular dynamics simulations of organic molecules, organic crystals, and orga-
nometallic complexes will be presented. The effects of Generalized Gradient Approximations (GGA) for the
treatment of exchange and correlation in these systems will also be discussed.

D-11.2 16:45-17:00 CORRELATION BETWEEN STRUCTURE AND QUENCH-RATE IN AMORPHOUS CAR-
BON GENERATED BY CONSTANT PRESSURE TIGHT-BINDING MOLECULAR DYNA-
MICS, L. Colombo, INFM and Dipartimento di Scienze dei Materiali, Universita di Milano, via
Emanueli 15, 20126 Milano, Italy, M. Celino and V. Rosato, ENEA C.R. Casaccia, HPCN Project,
PO Box 2400, 00100 Rome A.D., Italy
Amorphous Carbon structures have been generated by Tight-Binding Molecular Dynamics simulations in the
Parrinello-Rahman-Nosé (NPT) ensemble by rapidly quenching the liquid. Quench rates q in the range 1016 <
q < 1013K/s have been used to generate amorphous samples at different densities. The aim of the work has been
to infer a possible correlation between the amorphous structure and the quench rate. The generated amorphous
structures have been also characterized with respect to relevant properties such as connectivity, fraction of sites
with sp2 (sp3) bonding, bond angles and to ascertain the presence of interconnected rings of equally bonded
" sites. The electronic structure of these objects have been also evaluated and compared to theoretical and expe-
’ rimental data. It has been further discussed the possible use of alternate paths (i.e. reverse Monte-Carlo tech-
‘ nique) to efficiently generating amorphous structures with given structural properties.
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D-IL3

D-11.4

- invited -

17:00-17:15

17:15-17:45

TIGHT BINDING MOLECULAR DYNAMICS SIMULATIONS OF THE VIBRATIONAL PRO-
PERTIES OF o-TITANIUM, J.L. Gavartin and D.J. Bacon, Department of Materials Science and

Engineering, The University of Liverpool, Liverpool L69 3BX, UK

Many unusual features of crystalline titanium as well as zirconium and hafnium such as their polymorphism,
anisotropy in the elastic and dIffusion propeRties etc., arise from the delicate interplay between the electronic
and Vibrational contribution to the corresponding free energies. It is challenging therefore to obtain a reliable
calculational scheme that would be capable of accounting for quantum features of the electronic density and,
at the same time, could be implemented as O(N) method and used for a long time scale MD simulations. In the
present work we employ tight binding molecular dynamic simulations to study the temperature dependence of
the vibrational properties of the hexagonal oi-phase of titanium. The single modes of vibration are identified by
the direct diaganalisation of the correlation matrix of a system of 96 titanium atoms, and subsequent spectral
analysis is performed by means of Fourier transform of the corresponding velocity autocorrelation functions.
Based on these calculations we analyse the anomalies in the vibrational properties of o-Ti (such as hardening
of the (001) TO mode with temperature) and discuss the physical causes of these anomalies. The relative sta-
bilities of other polymorphic modifications of titanium are also discussed.

MOLECULAR DYNAMICS IN SEMICONDUCTOR PHYSICS, S. Ihara and S. Itoh, Central

Research Laboratory, Hitachi Ltd., Kokubunji, Tokyo 185, Japan

Molecular dynamics, which is a powerful method for studying both structural and dynamical properties in
condensed matter, is employed as a ‘microscope for the motion of atoms’. Information about the motion of indi-
vidual atoms that is difficult to obtain experimentally can be obtained by this method. Parallel computers of
tera-flops speed and tera-byte memory will make it possible to perform multi-million particle simulations using
empirical potential. The macroscopic phenomena analyzed by continuum theory can be obtained by coarse-
graining the atomic level information provided by this approach. When considering the problem of data analy-
sis, examples in semiconductor physics such as implantation process will be provided.
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Morning
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Session III - Surfaces and Films

- invited -

9:00-9:30

9:30-9:45

9:45-10:00

10:00-10:15

AB-INITIO STUDIES OF ATOMIC AND MOLECULAR ADSORPTION ON SOLID SUR-
FACES, J. Hafner, Institut fir Theoretische Physik and Center for Computational Materials

Science, Technische Universitit Wien, 1040 Wien, Austria

Ab-initio local-density-functional studies of atomic and molecular adsorptlon processes on solid surfaces have
been preformed using the Vienna ab-initio simulation program VASP. VASP is based on the following prin-
ciples: finite-temperature local-density theory (including where necessary generalized gradient corrections),
ultra-soft pseudopotentials for describing the electron-ion interaction in a plane-wave basis, iterative calcula-
tion of the LDF ground state via residuum minimization techniques, optimized charge-density mixing, exact
calculation of the HEllmann-Feynman forces and stresses. Applications include: (a) The reconstruction and
hydrogen-induced dereconstructions of the low-index surfaces of diamond, (b) the construction of the six-
dimensional potential-energy surfaces for the dissociative adsorption of molecular hydrogen on transition-
metal surfaces, (c) complex coverage-dependent adsorbate-structures of CO on Rh(100), and (d) the adsorption
of thiophene on the catalytically active surface of MoS,.

FULL AB-INITIO CALCULATION OF OXYGEN ADSORPTION ON A (100) SILICON SUR-
FACE - FIRST STAGES OF THE THERMAL OXIDATION, A. Esteve, M. Djafari Rouhani,
D. Estéve, Laboratoire d’Analyse et d’Architecture des Systémes, CNRS, 7 Ave. Colonel Roche,
31077 Toulouse, France

A successfull modelling of silicon oxidation has never been achieved (on a macroseopic nor a microseopic
basis), despite an important research effort. Coupled atomic meehanisms are certainly involved in this process.
Therefore, we are investigating a full ab-initio calculation of the oxygen in interaction with a (100) surface of
silicon. Our final aim is to draw a list of elementary mechanisms of the silicon oxidation at the atomic level in
view to make a direct simulation of the oxidation dynamics through a Monte-Carlo technique.

The present ab-initio calculation is based on the density functional theory via the Harris functional. The orbi-
tals are expanded in a basis of atomic orbitals (LCAO theory). The unit cell contains eigth layers of silicon,
hydrogens atoms to neutralize the dangling bonds in the bulk side (back silicon surfaee). Our silicon surface is
taken to be infinite thanks to periodic boundary conditions. Only the oxygen atom plus the surface layer are
free to relax at every step of the energy minimisation, all other atoms are given fix positions. Preliminary results
reported concern the calculation leading to the oxygen preferential setting on the surface. The total energy, the
angles and bond lengths are evaluated. We shall discuss the results as a function of the experimental conditions.

INITIAL STAGES OF THE ADSORPTION AND DIFFUSION MECHANISMS OF Pb ON
Si(111)7X7, P._Sonnet, L. Stauffer, L.P.S.E., 4 rue des Fréres Lumiére, 68200 Mulhouse, France

and C. Minot, Lab. de Chimie Théorique, 4 place Jussieu, 75252 Paris, France

We present a theoretical study of the adsorption and diffusion mechanisms of Pb, the Si(111)7x7 surface in the
initial stages of the Pb chemisorption in the DAS model. In the framework of the crystalline extension of the
Extended Hiickel Theory, two adsorption mechanisms are especially studied: adsorption of Pb atoms on Si dan-
gling bonds and Pb adsorption with formation of Pb atom clusters. The second mechanism is found to be more
favorable than the first one but the two mechanisms could possibly coexist. This tendancy to agglomeration, in
agreement with STM observations, is explained by the strong interaction between Pb atoms emphasized in our
calculations. The F half of the unit cell is preferred. The diffusion paths for Pb on Si(111)7x7 are then investi-
gated: jump of Pb atoms between the U (unfaulted) and F (faulted) unit cells are more difficult than jump insi-
de a half unit cell, and jumps from adatoms of the U half unit cell to the F one are favored with respect to the
opposite way. Considering the diffusion of a Pb pair between an adatom and a restatom, we show that the inter-
action between the Pb atoms leads to a significant decrease of the barrier energy computed for a single Pb atom.
An interpretation of the experimental data is proposed

SEGREGATION OF BORON ON THE CLUSTER MODELLED Si(11 1)\/3x\/3R3 0°-B HYDRO-
GENATED SURFACE, S. Wang, M.W. Radny and P.V. Smith, Department of Physics, The

University of Newcastle, Callaghan, NSW 2308, Australia

Since its discovery in 1988, the B-modified si(111) V3xV3R30° surface has attracted a great of attention in
semiconductor surface science. While the ¥3xV3R30° reconstruction is typical for group II elements adsorbed
on the Si(111) surface, the B-induced reconstruction is stabilised by significant charge transfer to the subsurfa-
ce chemisorbed boron from the neighbouring silicon atoms. The thin electrically active layer (the so-called 8-
layer) which is produced in this way makes this system of practical importance because of its potential device
applications.

First principles all-electron Density Functional Theory cluster calculations have been performed to investigate
the chemisorption of atomic hydrogen on the cluster modelled Si(11 1)¥3xV3R30°-B surface. It has been found
that a boron atom will most likely occupy a subsurface substitutional S5 site at low hydrogen coverages (< 0.67
ML), but appear as an adatom at an on-top site directly above one of the first-layer silicon atoms for hydrogen
exposures greater than 0.67 ML. The obtained results are compared with the available electron energy loss
spectroscopy, temperature programmed desorption, and low energy electron diffraction data.
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11:00-11:15
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11:30-11:45
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MODELIZATION OF THE MANIPULATION OF SILVER ADATOMS ON Si(001),
L. Pizzagalli, IPCMS-GEMME, 23 rue du Loess, 67037 Strasbourg, France and J.C. Okon,

C. Joachim, CEMES, 29 rue Marvig, 31055 Toulouse, France

In the last decade, several experimental studies have opened new perspectives for the manipulation of atoms or
molecules on a surface with a STM tip. Hence, controlled displacements of molecules or physorbed atoms have
been realized. However, to our knowledge, nobody succeeded in controlling the displacement of individual
atoms chemisorbed on materials with great technological interest, such as silicon. We investigate the theoreti-
cal possibility of manipulating individual silver atoms on a silicon (001) surface with a STM tip. Molecular
mechanic calculations have been performed for two different adsorption sites and for various tip heights. We
find that if the adatom is located between two dimers belonging to two adjacent dimer rows (cave site), we do
not manage to move it for all considered tip heights. But if the adatom is located on the dangling bond of one
silicon surface atom (bond site), controlled displacement along the dimer row is possible if the tip height ranges
between 2.5 A and 3 A above the surface.

BREAK

DIFFUSION ON Ag(100) AND Ag(111) SURFACES, N.L Papanicolaou, G.A. Evangelakis and
G.C. Kallinteris, Department of Physics, Solid State Division, University of Ioannina, P.0. Box

1186, 45110 loannina, Greece

The self-diffusion processes of single adatoms on the Ag(100) and Ag(111) surfaces have been studied using
molecular dynamics simulation and a many-body potential derived in the framework of the second-moment
approximation to the tight-binding model. In the case of Ag(100) face we deduced the migration energies of
simple hopping, exchange and complicated exchange mechanisms involving the displacement of more than two
atoms. We found that the hopping mechanism is favoured for temperatures lower than 800K with an energy of
0.41eV, in very good agreement with available experimental data and ab-initio calculations. At higher tempe-
ratures the exchange type mechanisms become very important. Concerning the Ag(111) face, we found that the
dominant mechanism is the hopping exhibiting Arrhentus behaviour with two distinct temperature ranges cor-
responding to different migration energies. The high temperature range refers to correlated movements. The
migration energies found are close to recent experimental results.

This work has been supported by the European Pk Network.

MODELING OF BORON NITRIDE: ATOMIC SCALE SIMULATIONS ON THIN FILM
GROWTH, K. Albe, W. Moller, Forschungszentrum Rossendorf, P.O. Box 51 01 19, 01314

Dresden, Germany

Thin film deposition of superhard boron nitride can nowadays be done by different PVD and CVD methods,
but the mechanisms, which are relevant for BN-film growth, are hardly understood. Here computer simulations
on atomic scale can be a helpful tool in order to investigate the physical processes involved. This contribution
deals with the phase transition from the sp~-bonded hexagonal to the sp3-bonded cubic structure, which typi-
cally occurs during thin films deposition. With respect to the equilibrium phase diagram the limits of empirical
models adopted from carbon are discussed. Large scale molecular dynamics studies of boron and nitrogen
impacts into h-BN targets are presented using a new classical, interatomic bond-order potential, which was fit-
ted to a fairly complete ab initio-data set. The influences of deposition parameters are studied and the results
are compared to experimental findings. Finally, the role of defect production and accumulation for c-BN grow-
th is discussed.

A MONTE CARLO SIMULATION OF SILICON NITRIDE THIN FILM MICROSTRUCTURE
IN ULTRAVIOLET LOCALISED-CHEMICAL VAPOUR DEPOSITION, J. Flicstein, S. Pata,
J.M. Le Solliec, L.S. How Kee Chun, J.F. Palmier and J.L. Courant, France Telecom C.N.E.T.

Laboratoire de Bagneux, PO Box 107, 92225 Bagneux, France

A real time Monte Cario simulation is employed to model the low temperature photonucleation and initial
stages of film growth during ultraviolet (UV) localised-chemical vapour deposition. This model includes the
UV induced effect of activated charge centers (ACCs) creation: ACCs are UV created prior to and during the
nucleation on III-V compound substrate[1]. Heterogeneous photolysis of precursor molecules on the irradiated
surface and adsorbate dynamics over the surface are also included. The deposition of silicon nitride by hetero-
geneous photolysis of a mixture SiH4+NH; is used as a test case for modeling and simulation. By modifying
the precursor flow ratio, the amount of amorphous material deposited over InP as a function of time for various
values of the temperature is obtained over a substrate area of 2000 atomic sites. 2D and 3D predictions of the
thin film morphology and its evolution in time during UV irradiation of the surface are presented at constant
adsorbate binding energy. Additional picture is obtained about the amorphous material density, the role of sur-
face ACCs on the nucleation and deposition rate, and the aggregate dynamics on the deposition rate. Simulation
results indicate that for a given flow ratio and adsorbate-substrate binding energy, there is a critical temperatu-
re Ty, such that for temperatures lower than T, low density silicon nitride is deposited while at T>T,, high
density silicon nitride results at constant luminance. The inclusion of two-atom differentiation is shown to alter
the layer compacity and is validated by experimental data.

[1]. Flicstein and J. E. Bourée in Photochemical processing of electronic materials, eds. . W. Boyd and R. B.
Jackman (Academic Press, N. Y., 1992) p. 105-141

COMPUTER SIMULATION OF SPUTTERING OF GaP(100) UNDER GRAZING ION BOM-
BARDMENT, A.A. Dzhurakalov, LL Khafizov, Institute of Electronics, 700143 Tashkent,

Uzbekistan

In the present work the sputtering processes on the GaP(100) surface under low-energy ion bombardment have
been investigated by computer simulation. The trajectories of incident Ne and Ar ions, as well as recoil atoms
were simulated in the binary collisio approximation.Energy and angular distributions of recoil atoms as well as
sputtering yields versus the angle of incidence, the initial energy and target orientations were calculated.

The computational results show that when movingin surface semichannels and channels formed by Pand Ga
atomic chains the projectile ions generate the low energy primary knocked out atoms. At sufficiently small gra-
zing angles the recoil atoms are ejected near the plane which is perpendicular to the plane of incidence. The
energies of these ejected particles are lower than 10 eV. The increasing of grazing angles leads to the forming
of high energy recoils which are ejected also in plane of incidence. In the angular distributions of ejected par-
ticles the maxima corresponding to preferential ejection directions are observed.
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12:00-14:00

HYDRODYNAMIC INSTABILITY OF LIQUID SILICON DURING CRYSTAL GROWTH,

K.Kakimoto and H. Ozoe, Institute of Advanced Material Study, Kyushu University

The quality of large semiconductor crystals grown from melts is significantly affected by the heat and mass
transfer in the melts. This paper reviews the current understanding of the phenomena, especially melt convec-
tion, starting from the results of visualization using model fluids or silicon melt, and continuing to the detailed
numerical calculations needed for quantitative modeling of processing with solidification. The characteristics
of silicon flows are also reviewed by focusing on the Coriolis force in the rotating melt. Descriptions of flow
instabilities are included that show our level of understanding of melt convection with a low Prandtl number.
Based on geostrophic hydrodynamics, the origin of the silicon flow structure is reviewed and it is discussed
whether silicon flow is completely turbulent or has an ordered structure. The phase transition from axisym-
metric to non-axisymmetric flow is discussed using different geometries. Additionally, surface-tension-driven
flow is reviewed for Czochralski crystal growth systems.
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INDUSTRIAL IMPACT OF COMPUTATIONAL MATERIALS SCIENCE, E. Wimmer,
Molecular Simulations s.a.r.l., Parc Club Orsay Université, 20 rue Jean Rostand, 918930rsay

Cedex, France

With the steadily increasing capabilities of theoretical approaches combined with the sustained advances in
computer technology, an increasing number of industrial laboratories are integrating atomistic simulations in
their research efforts. The complimentarity between established experimental techniques and novel atomistic
simulations offers immediate industrial benefits. Examples include the determination of crystal structures from
x-ray powder diffraction patterns combined with total energy minimization techniques, the determination of
polymorphism, the analysis of vibrational spectra (IR and Raman), the determination of surface structures for
the interpretation of STM images, and the prediction of crystal morphologies. The industrial usefulness of pre-
dicting optical properties are illustrated here by the development of high-performance inorganic pigments
based on cerium sulfide. The control of defects and buried interfaces is of great practical interest, yet they are
difficult to characterize experimentally. Atomistic simulations and property predictions offer a unique opportu-
nity to gain structural information and quantitative thermodynamic data for these important issues in materials
science. Future developments of this field will have to face the challenge of connecting the atomistic length and
time scales with the mesoscopic and macroscopic domains while increasing the accuracy of atomistic simula-
tions. Clearly, we are only at the beginning of an exciting and rewarding scientific and technological develop-
ment. .

QUANTUM EFFECTS ON PHASE TRANSITIONS IN HIGH PRESSURE ICE, M. Benoit,
Laboratoire des Verres, Université Montpellier II, 34095 Montpellier, France; D. Marx,

M. Parrinello, Max-Planck-Institut fiir FKF, 70569 Stuttgart, Germany

The behaviour of ice under pressure is of great relevance in condensed matter physics, planetary physics and
biochemistry. The properties of ice are very much depending on the particularities of the hydrogen bond, which
is one of the most important interactions in nature.

Here we study the phase transitions between the VIII, VII and X phases of ice under pressure by using an ab
initio path-integral molecular dynamics method. Using ab initio methods is essential to describe the hydrogen
bonding -in particular the bond breaking and making at high pressure- and path integrals are a powerful way
of including quantum effects (such as zero-point motion and tunneling) on atomic nuclei at finite temperature.
By comparing results obtained from «standard» Car-Parrinello MD and path-integral MD simulations, we
reveal a strong isotope effect on the VIII-VII transition pressure at 100 K. We show that this transition is dri-
ven by ionic defect formation in the ordered VIIT phase and that hydrogen atoms are tunneling through the
double-well barrier. Moreover, we trace back that the symmetrisation transition from the molecular phase VII
to the atomic phase X is heavily influenced by zero-point motion at 100 K.

AB-INITIO SUPPORTED MODEL SIMULATIONS OF FERROELECTRIC PEROVSKITES,
M. Sepliarsky, R.L. Migoni and M.G. Stachiotti, IFIR, Bv. 27 de Febrero 210 bis, 2000 Rosario,

Argentine

While ferroelectric KNbO; and BaTiOj present the cubic-tetragonal-orthorhombic-rombohedral phase sequen-
ce with decreasing T, their analogous KTaO; and SrTiO; are incipent ferroelectrics which exhibit the ferroe-
lectric soft mode but remain paraelectric up to 0 K. Despite the large amount of research attracted by the above
phenomenology since long ago, quite a few realistic model simulations are available. Many lattice dynamical
calculations have been performed for each isolated material, but the only unified view of their ferroelectric
behavior has been provided by the nonlinear oxygen polarizability model. Though initially based on phonon
data for the cubic phase, recent ab-initio calculations confirm that the model is basically correct with regards
to the energetics involved in the various ferroelectric distortions. Our molecular dynamics simulations confirm
the crossover from a soft mode to an order-disorder dynamics in the cubic phase of KNbO3, as suggested from
the experiments. Moreover, we observe the appearence of the various phases, and the soft mode behavior of
KTaO;.

FIRST-PRINCIPLES SIMULATION ON THOUSANDS OF ATOMS, M. J. Gillan,
E. Hernandez, C. M. Goringe and D. Bowler, Physics Dept., Keele University, Staffs. ST5 SBG,
UK

The talk will outline a general framework for constructing order-N (linear-scaling) calculations using density
functional theory on very large systems. One possible implementation of the general approach in the
CONQUEST code will be described, and practical tests of the linear scaling on systems of up to 6,000 atoms
will be presented. Some fundamental issues in achieving rapid convergence to the ground state will be outli-
ned, and practical methods of ensuring this convergence will be described.

ROTATIONAL DYNAMICS IN ORIENTATIONALLY DISORDERD KClOy4, F. Affouard,
LDSMM, Université Lille I, 59655 Villeneuve d’Ascq Cedex and P. Depondt, LMDH, Université

Pierre et Marie Curie, 75252 Paris Cedex 05, France.

A molecular dynamics simulation of a 8 x 8 x 8 cells potassium perchlorate crystal in the orientationally disor-
dered phase was carried out using a CM-5 parallel computer in order to study the individual and two-molecu-
le rotational dynamics of the ClO, ions. Symmetry adapted rotator functions and the rotation matrix are used
to overcome the difficulty of dealing with orientational variables.

The crystal structure is fcc, with most probable T4 symmetry molecular orientations, in agreement with expe-
riments.

The rotational motion turns out to be diffusive, but molecules which are far from the most probable orienta-
tions have greater rotational velocity. The relative orientations of two neighbouring molecules lasts longer than
that of a single molecule, showing coupled motion.

These results, along with orientation-translation coupling suggest that molecules not in their most probable
orientation push their neighbours aside thus reducing the volume available. This tends to quench the rotational
motion of these neighbours in T4 configuration in a way reminiscent of orientational glasses.
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Poster Session 1

16:00-18:00

STACKING FAULTS IN MG - CALCULATIONS ON A MASSIVELY PARALLEL MACHINE,
N. Chetty, Physics Department, University of Natal, Pietermaritzburg, Private Bag X01, Scottville
3209, South Africa; M. Weinert, Physics Department, Brookhaven National Laboratory, P.O. Box

5000, Upton NY 11976-5000, USA

We study the following low energy stacking defects in hexagonal close-packed (hcp) magnesium using the
plane wave pseudopotential technique: two intrinsic faults I; and I, an extrinsic fault E, and a T, fault which
is twin-like with mirror symmetry about a faulted plane. In addition, we consider Mg in the face-centered-cubic
(fce) structure. For the defect systems, we have relaxed the Hellman-Feynman forces on the atoms, and we have
included volume relaxations of the unit cell. We have a detailed sampling of the Brillouin zone, and we have
used various sizes of the calculational supercell. Our resulting energies are converged to better than 2 meV.
To zeroth-order, the ordering of the energies is easily understood in terms of the number of fcc-like atoms in
the sequence of (111) planes. However, a simple model based on assigning an on-site energy to each fcc-like
atom in the sequence fails to give quantitatively accurate results for the energies of the faults. A second-nea-
rest-neighbor Ising model also gives large discrepancies. We propose 2 model based on a local bond orienta-
tion scheme which reproduces all the calculated results exactly.

See programme of this poster session p. D-22 to D-30.
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CRACKING A TOUGH NUT* WITH A BIG COMPUTER: STUDYING MATERIALS FAILU-
RE USING MILLIONS OF ATOMS, F.F. Abraham, IBM Research Division, Almaden Research

Center, San Jose, CA 95120, USA

Continuum fracture theory typically assumes that cracks are smooth and predicts that they accelerate to a limi-
ting velocity equal to the Rayleigh speed, or surface sound speed, of the material. In contrast, experiment tells
us that, in a common fracture sequence, an initially smooth and mirrorlike fracture surface begins to appear
misty and then evolves into a rough, hackled region with a limiting velocity of about six-tenths the Rayleigh
speed. Recent experiments have clearly shown that violent crack velocity oscillations occur beyond a speed of
about one-third the Rayleigh speed and are correlated with the roughness of the crack surface. All of these fea-
tures are unexplained using conventional continuum theory. With the advent of scalable parallel computers,
computational approaches are being extended for providing immediate insights into the nature of fracture dyna-
mics. We have studied the rapid brittle fracture of solids using molecular dynamics for 10-millions of atoms and
finite-element continuum mechanics. We have been able to follow the crack propagation over sufficient time
and distance intervals so that a comparison with experiments is feasible. Most important, we can «see» what is
happening on the atomic scale. A detailed comparison between laboratory and computer experiments demons-
trates that many of the recent laboratory findings occur in our simulation experiments, one of the most intri-
guing being a dynamic instability of the crack tip and its associated properties. Microscopic processes have
been identified, and an explanation for the limiting velocity being significantly less than the theoretical limit is
discovered. The origin of the instability dynamics at the atomic level is best seen in a video of the fracture simu-
lations. In a 100-million atom simulation, we have discovered a dynamical brittle-to-ductile transition in the
rapid cleavage of rare-gas solids, immediately leading to the initiation of plastic failure, crack arrest and the
spontaneous proliferation of dislocations. We will discuss how this problem scales to the future teraflop regi-
me in scientific computing. Multimedia versions of our 2D and 3D atomistic simulation studies of fracture are
available via the World Wide Web:

2D fracture: http://www.almaden.ibm.com/vis/fracture/prl.html,

3D fracture: http://www.tc.cornell.edu/ farid/fracture/100 million/

* NUT: nanocrysta! under tension.

MODEL STUDY OF NONLINEAR EFFECTS AT FRACTURE OF COMPOSITES AND MUL-
TILAYERS, V. Krivobodrov, Research Center «Composite», P.O. Box 28, St.Petersburg, 194017,

Russia

A new structural effect - the dependence of a fracture stress upon a composite (multilayer) sample crossection
is theoretically considered. The model is based on the statistical theory of branching processes. The proposed
approach allows to introduce a new fracture criterion valid for a wide range of heterogeneous materials. In case
of an infinitely large sample the new criterion yields a fracture stress equal to the one predicted by earlier
models. For a sample of a finite size the predicted fracture stress is lower than the one calculated according to
previous models. The effect can be explained as a nonlinear fracture phenomenon arising out of the nonlinear
dependence of microfracture probabilities upon overstressing caused by other microfractures. The fracture
stress as a function of a sample crossection is calculated for the heterogeneous materials with different charac-
teristics of strength and plasticity. The composite strength as function of a number of interfacial layers is consi-
dered.

The results are essential for strength evaluation of small-sized elements made from composite materials, mul-
tilayers, thin films and small clusters of nanoparticles. :

THERESHOLD EFFECTS IN DISLOCATION MOTION UNDER ULTRASOUND ACTION,
J.M. Khalack and V.M. Loktev, Bogolyubov Institute for Theoretical Physics, 14-b Metrologichna

str. Kyiv-143, 252143 Ukraine

Numerical modeling of dislocation motion under harmonical force was carried out. Two qualitatively different
cases are studied: (1) direct dislocation in Peierls relief and (2) screw dislocation with a jog. (1) Here three
regimes of the motion (linear, quasi-linear, and nonlinear) are found. A transition to last regime takes place in
an evident threshold manner when Peierls stress is achieved by ultrasound produced amplitude of shear stress
in the slip plane. This transition is characterized by sharp (up to 102-103 times) increase of dislocation displa-
cement and velosity, as well as of ultrasound attenuation. (2) For this case the main attention was paid to point
defects generation by a jog. There are also three regimes of motion for a jog (when external force increases):
(a) jog is immovable and no defects are created); (b) jog changes its equilibrium position, having generated a
finite number of vacancies; (c) after the threshold, jog oscillates, continually generating vacancies and intersti-
tials.

An attempt was made to explain the sonoluminescence of semiconductors, where host or impurity electronic
subsystem can be excited both by electric field of oscillating dislocation and jog. The model proposed allows
to interpret the observable threshold in sonoluminescence excitation and its spectra as spectra of point defects.

BREAK




SYMPOSIUM D

Session VI - Polymers

D-VIL.1 - invited -

D-VI.2

D-VL3

D-VI14

D-VLS

10:30-11:00

11:00-11:15

11:15-11:30

11:30-11:45

11:45-12:00

12:00-14:00

NUMERICAL STUDIES OF POLYMER NETWORKS AND GELS, K. Kremer, Max-Planck-

Institut fiir Polymerforschung, 55021 Mainz, Germany

The talk will cover a series of recent studies to reveal in more detail the role of trapped entanglements for the
properties of polymer networks. Different sources of disorder in the systems have to be considered. Starting
from randomly crosslinked polymer melts, systems are systematically idealized via end linked systems to
model networks with lattice connectivity. For the latter only links between network loops remain as source of
disorder. By this the effect of conserved network loop topology on the elastic modulus could be determined,
showing that the classical models of rubber elasticity only account for a small part of the modulus. By swel-
ling and stretching the systems first simulation results on the butterfly effect are obtained.

References: Duering, Kremer, Grest, PRL 67, 3531 (91), JCP 101, 8169 (94); Everaers, Kremer, Macromol.
28, 7291 (95); Putz, Kremer, in preprint (97).

AN EXTENDED BFM MODEL FOR SIMULATION OF COPOLYMERS AT AN INTERFACE,
E. James and C.C. Matthai, Dept of Physics and Astronomy, University of Wales, Cardiff, CF2
3YB, UK

The Bond Fluctuation Model has been used extensively in the simulation of many polymer systems. We have
extended the original Carmesin and Kramer model so that it allows for a threefold increase in the possible bon-
ding configurations. Although the cpu time per attempted move is slightly greater than before, the increase in
ergodicity results in a better acceptance ratio, making this method compuationally more efficient at determi-
ning equilibrium configurations. Copolymers at interfaces have been the subject of much study in recent years
because of the many possible technological applications. We have used this modified BFM to simulate random
AB copolymers at the interface of two good solvents. In the simulations the monomer interactions were repre-
sented by a Lennard-Jones type potential together with the excluded volume interaction. We have obtained
results for the equilibrium configuration for specific copolymer lengths of up to 128. In addition, we have found
that polymer-polymer interactions, modelled by performing simulations on up to 32 different copolymer chains
in the solute, has a noticeable effect on the monomer distribution. Finally, the effect of polymer-solvent inter-
actions on the monomer distribution near the interface has been studied.

ULTRA STRONG POLYMER FIBERS, J. Hageman and R. de Groot, ESM, PO Box 9010, 6500
GL Nijmegen, The Netherlands and R. Meier, DSM Research, PO Box 18, 6160 MD Geleen, The

Netherlands

Ultra high molecular weight polymers can be processed into ultra strong fibers. In these fibers the polymer
chains have near crystalline orientation. The low amount of chain ends and the high orientation results in a large
axial elastic modulus, which is even larger than for example the modulus of steel. )

1t is of great interest to know how much the performance of these fibers can be made even better by increasing
the degree of crystallinity and the molecular weight. To answer this question, the ultimate elastic modulus, this
is the modulus for the infinite-chain crystalline polymer, should be known. Obviously, this information can not
be obtained with experimental techniques, but it can be calculated with the Car-Parrinello technique.

The polymer considered here is polyethylene, the most simple polymer but technologically very relevant. The
highest modulus realized experimentally is close to the calculated value for the ultimate modulus.

CLASSICAL AND QUANTUM CONSTANT PRESSURE MONTE CARLO SIMULATION OF
ORTHORHOMBIC CRYSTALLINE POLYETHYLENE, R. Martonak(:2> W. Paul() and
K. Binder(1); DInstitut fiir Physik, KoMa 331, Johannes Gutenberg-Universitit, Staudingerweg 7,
55099 Mainz, Germany, (2)Max-Planck-Institut fiir Polymerforschung, Ackermannweg 10, 55021
Mainz, Germany

We present a classical as well as a quantum (Path Integral) Monte Carlo simulation of the orthorhombic phase
of crystalline polyethylene at zero pressure, using an explicit atom force field with unconstrained bond lengths
and angles and periodic boundary conditions. The classical simulations extend over the whole range of tempe-
ratures in which the orthorhombic phase is experimentally stable (10 - 450 K), while the quantum ones focus
mainly on the low temperature region (50 - 200 K). We used different system sizes and chain lengths (from C,,
to Cyg chains) with the total number of atoms between 432 and 3456. We show here the results for structural
and thermodynamic quantities, such as the lattice constants a, b, ¢, the setting angle and internal parameters of
the chains, as well as thermal expansion coefficients, elastic constants and specific heat. We discuss in detail
the temperature dependence of the measured quantities as well as the importance of quantum effects. In case
of thermal expansion coefficients, we compare our results to those obtained from other theoretical approaches
as well as to available experimental data.

MD SIMULATION OF ANCHORED POLYELECTROLYTES, C. Seidel and C.C. van der
Linden, Max-Planck-Institute for Colloid and Interface Research, Kantstr. 55, 14513 Teltow,

Germany

The behaviour of strongly charged polyelectrolyte chains tethered by one end to a solid surface is studied by
means of the molecular dynamics simulation approach introduced for polymers by Grest and Kremer [1].
Including individual counter ions we treat the full Coulomb interaction. To sum the contribution of long range
interaction under a two-dimensional periodic boundary condition we use a method proposed by Lekner [2] and
modified by Sperb [31. In the brush regime we discuss the stretching of the chains under good solvent condi-
tions. One of the main ingredients of the mean field theory of the polyelectrolyte brush is the assumption of
local charge neutrality. We check this assumption on the basis of the simulation results and discuss the role of
fluctuations in the counter ion density.

[1] G. S. Grest and K. Kremer, Phys. Rev. A 33, 3628 (1986)

[2] J. Lekner, Physica A 176, 485 (1991)

[3] R Sperb, Mol. Simal. 13, 189 (1994)
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NUMERICAL MICROMAGNETICS: FROM MODEL TO SOFTLY DISORDERED SYSTEMS,
J. Miltat, A. Thiaville, Lab. Phys. des Solides, Univ. Paris-Sud et CNRS, 91405 Orsay, France and
Michel Labrune, LPMTM, Institut Galilé, Université Paris-Nord et CNRS, 93430 Villetaneuse,

France

Micromagnetics is a continuum theory reducing a Ferro- or Ferri-magnet to a 3D vector field with unit length.
Torques acting on the magnetization (moment per unit volume) may result from elastic-like interactions
(exchange interactions), from the medium anisotropy and/or magnetostrictive properties, from external pres-
sures (applied field), and, lastly, from dipolar interactions, the latter being long range in character. After intro-
ducing the basic equations and the general boundary conditions for a finite volume, examples will be shown
which undoubtedly establish a close match between theory and experiments, both in the static and dynamic
cases. The intrusion of conformation complexity will be illustrated through a further example, dealing with wall
structures in exchange coupled multilayers. In a next step, experimental data will be shortly described where
an obvious relation between the structural characteristics of the magnetic materials and their magnetic proper-
ties will be revealed. Constraints in terms of computing power and metllods will be outlined. Lastly, two
examples will serve to pinpoint the limits of numerical micromagnetics, dealing respectively with singular
points and exchange interactions with «loose» spins at the interface hetween an Antiferro- and a Ferromagnet.

MAGNETIZATION PROCESSES IN SUBMICRONIC Co DOTS STUDIED BY MEANS OF
MICROMAGNETIC CALCULATIONS, R. Ferré, Institut de Physique et Chimie des Matériaux

de Strasbourg, 23 rue du Loess, 67037 Strasbourg Cedex, France

The magnetisation nucleation mechanisms taking place in submicronic cobalt dots as obtained by means of 3D
Micromagnetic simulations are shown. Attention is focused on the study of the transition from parallel-to-plane
to perpendicular-to-plane magnetisation occurring as the thickness of the dot is increased. Simulations show
different nucleation and magnetisation reversal mechanisms as thickness varies. For a 35 nm dot, nucleation of
stripe domains takes place. Stripe domains evolve with the decrease of the in-plane applied field towards a
configuration of «bended stripe» domains as a result of the need for a lateral flux closure. The same nucleation
mechanism has been found for thicker dots and is responsible for the appearance of diagonal domains for high
thicknesses. For 25 nm thick dots no stripe domains are present and a fully planar magnetisation configuration
has been obtained for which flux closure takes place with the formation of two distorted vortices at both sides
of the dot formed by two vortices, a cross tie wall and a quasi-Néel wall each. This magnetisation configura-
tion seems to be the analog of the one found in Permalloy thin films [1], but distorted by the presence of the
high perpendicular-to-plane anisotropy of cobalt.

[I] A. Tonomura, Rev. Mod. Phys. 59 (1987) 639

MICROMAGNETIC MODELING OF A THIN FILM RELAXATION, JM. Gonzalez and
O.A. Chubykalo, Instituto de Ciencias de Materials de Madrid, CSIC, Cantoblanco, 28049 Madrid,

Spain; J. Gonzalez, Departamento de Fisica de Materiales, UPV, 20080 San Sebastian, Spain

The magnetization reversal process occurring under constant magnetic field and temperature (magnetic relaxa-
tion) was modelized in a thin film with in-plane anisotropy. Our micromagnetic model consisting of a 2D array
of moments, oriented in a plane, explicitely considered all the relevant magnetic energy contributions, i.e.
Zeeman, anisotropy, exchange and magnetostatic terms. The numerical method used to minimize the free ener-
gy of the system was Monte Carlo dynamics in a canonical ensemble. As model parameters, we used real expe-
rimental data for highly homogeneous CogsZrsDy, thin film. The demagnetization process was nucleated and
started from the formation of domain-wall structures in the corners of the thin film. We were able to follow all
the stages of this process, i.e. the nucleation-expansion-propagation-pinning sequence. The curves for the time
dependence of the magnetization clearly deviated from the Arrhenius behaviour, namely, we observed a «wai-
ting time» preceeding the nucleation of the reversed regions during which the magnetization was constant.

MICROMAGNETIC STUDY OF ULTRATHIN MAGNETIC FILMS, X. Hu, National Research
Instiute for Metals, Sengen 1-2-1, Tsukuba 305, Japan and Y. Kawazoe Institute for Materials

Research, Tohoku University, Sendai 980-77, Japan

Ultrathin magnetic films and multilayers are of great current interests, both because of their potentials for appli-
cation and new physics originating from their unique dimension and geometry. Magnetic anisotropy energy
with easy direction normal to the film plane occurs at interface or surface quite often, and makes the magnetic
structure of the relevant system complicated through the competition with the dipole-dipole interactions. The
exchange coupling is not infinite, although fairly large, and thus the simplest, intuitive phenomenological theo-
ry fails in many cases. This situation becomes even worse when one considers the response to the external
magnetic field. Therefore, the effect of the normal surface or interface anisotropy should be treated carefully.
Since this anisotropy is well localized at the interface or surface, this treatment should be general for the study
of surface effects of many materials other than magnetic ones, including polymers and liquid crystals among
others. Results derived from quantum spin modeling, classical spin modeling, and micromagnetic theory based
on continuum model will be presented with discussions on the relations among them.
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EFFECT OF CAP-LAYERS ON INTERLAYER EXCHANGE COUPLING, J. Kudrnovsky and
V. Drchal, Institute of Physics AS CR, Prague, Czech Republic; P. Bruno, Université Paris-Sud,
Orsay, France; J. de Vries and R. Coehoorn, Philips Research Laboratories, Eindhoven, The

Netherlands; P. Weinberger, Technical University, Vienna, Austria

The effect of non-magnetic cap-layer on periods, amplitudes, and phases of oscillations of interlayer exchange
coupling (IEC) is studied theoretically on ab initio level in the frame of the spin-polarized surface Green func-
tion technique within the tight-binding linear muffintin orbital method. We build up the multilayer system layer
by layer which allows to simplify calculations significantly as well as to study geometrically complex systems.
Application of the formalism is made to Co/Cu/Co(00]) trilayers with Cu-cap layer interfacing the vacuum
through the dipole barrier. We investigate in detail both the asymmetric case with one semiinfinite Co-slab and
other Co-slab five monolayers thick as well as symmetric cases of finite Co-slabs of the same thickness. We
have found a pronounced oscillatory behavior of both the amplitudes and phases of the exchange coupling with
the cap-layer thickness. For the thick cap-layer standard results for Co/Cu/Co(00]) trilayer are recovered. The
present calculations confirm qualitative conclusions of simple RKKY-like model theories.

PERIODIC ANDERSON MODEL FOR DESCRIPTION OF NONCOLLINEAR MAGNETIC
STRUCTURE IN LOW-DIMENSIONAL 3d-SYSTEMS, V.M. Uzdin, St Petersburg State
University, CAPE, V.O. 14 linia, 29 St. Petersburg 199178, Russia and N.S. Yartseva, Institute of
Metal Physics, GSP-170, Ekaterinburg, 620219, Russia

Distribution of magnetic moments in the low-dimensional metatlic structures have been studied theoretically
on the basis of Periodic Anderson Model. Calculation of noncollinear magnetic order was performed in the
Hartree-Fock approximation using tight binding real space recursion method. Iteration process includes self-
consistent determination of population numbers for the electrons with different direction of the magnetic
moments at given atom relatively of fixed axis. The moments of all other atoms are keeping constant in value
and direction during self-consistency procedure. Energies of all states corresponding to the different directions
of magnetic moments at the atom under consideration have been calculated, and the state with minimal energy
being accepted for the next step.

Analytical transformations rested on the generalized «zeros and pole method» for the Green function that
allows to avoid some time consuming numerical procedures. It gives possibility to develop efficient algorithm
for the calculation of noncollinear magnetic structure of complex space nonhomogeneous systems.

IMPROVED ANGULAR CONVERGENCE IN NON COLLINEAR MAGNETIC ORDERS
CALCULATIONS, D. Stoeffler, and C. Cornea, IPCMS-Gemme, 23 rue du Loess, 67037
Strasbourg, France

Non collinear magnetic orders studies in'multilayered systems are essential for the understanding of their
magnetic properties. For example, they have to be considered (i) when external magnetic fields are applied, (ii)
when biquadratic interlayer couplings are obtained and (iii) when interfacial roughness induces frustrations in
the direct magnetic couplings which can be minimized by non collinear magnetic defects. Such studies have
been started in our group since two years ago using the tight-binding framework.

In this paper, we present first the method used for determining self-consistently the directions of each magne-
tic moments and we discuss the angular convergence and its accuracy. We show that usual input/output mixing
schemes allow rapid convergences for the charges and the magnitude of the moments but not for the angles
even with a complete mixing (the output is directly used as next input). Consequently, if these methods are well
suited for collinear studies, new ones have to be developed in order to increase the angular relaxation to the
solution of the problem. We present a predictive technique for accelerating the angular convergence based on
extrapolations of the variations of each local angle during short iterative calculations giving a convergence
speed-up up to 4.

FAILURE OF TWO-CURRENT MODEL FOR SYSTEMS WITH STRONGLY SPIN-DEPEN-
DENT DISORDER, H. Ebert and A. Vernes, Institute for Physical Chemistry, University of
Munich, Theresienstr. 37, 80333 Miinchen, Germany; J. Banhart, Fraunhofer-Institute for Applied

Materials Research, Lesumer Heerstr. 36, 28717 Bremen, Germany

The resistivities of the ferromagnetic alloy systems Fe-Ni and Co-Ni were studied in detail by application of
the Kubo-Greenwood formalism. The electronic structure of the randomly disordered ferromagnetic alloys was
computed by use of the spin-polarized Korringa-Kohn-Rostoker Coherent Potential Approximation (KKR-
CPA) method. )

Two sets of calculations were carried out: one fully relativistic and an other one based on the two-current
model. The former one will judge whether the two not directly coupled spin-subsystems could lead to the spon-
taneous magnetoresitance anisotropy, as it is supposed within the two-current model. Furthermore, all the
results obtained are compared with the experimental data.

We found that the two-current model calculations yield spin-resolved resistivities more polarized than could be
expected from the experiments. Furthermore they lead to a much lower total resistivity than the relativistic cal-
culations, showing that the scattering processes between the spin-systems are of crucial importance.

PERCOLATION MECHANISM FOR COLOSSAL MAGNETORESISTANCE, P. Bastiaansen
and H. Knops, Dept. of Theoretical Physics, Katholieke Universiteit Nijmegen, PO Box 9010,
6500 GL Nijmegen, The Netherlands

The manganite materials showing colossal magnetoresistance are recently shown to be halfmetallic: they are
conducting for one spin direction but insulating for the other. Based on this halfmetallic character, we present
a percolation model that explains the observed features of colossal magnetoresistance.

In its simplest form, we show that colossal magnetoresistance can be explained using the percolation proper-
ties of the Ising model. The percolation phase diagram of this model is shown to reproduce qualitatively all
experimentally observed features of colossal magnetoresistance. In this explanation, colossal magnetoresistan-
ce is a critical phenomenon, closely linked with the ferromagnetic to paramagnetic transition in the Ising model.
We present results of the Monte Carlo calculations on the resistance of the percolation model.
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COMPUTATIONAL STUDIES OF NOVEL SEMICONDUCTORS: GROWTH DOPING AND
DEFECTS, R.M. Nieminen, Laboratory of Physics, Helsinki University of Technology, 02150

Espoo, Finland

Semiconductor materials and structures based on III-V and 1I-VI compounds offer versatile opportunities for
optoelectronics applications. However, controlled growth and doping of these compounds are notoriously dif-
ficult. Typical difficulties are those associated with native defects and the associated autoconductivities, as well
as the metastability of many defect-related phenomena.

This talk summarises recent work on first-principles simulations of defect-related electronic properties and phe-
nomena in I1I-V nitrides, especially GaN and AIN, and in II-VI materials such as ZnSe. For the nitrides, the
calculations, based on density-functional theory and pseudopotentials, shed light on such important issues as

. (i) the origin of n-type conductivity, (ii) the EL2-1like metastability of antisite defects (iii) the role of metal

vacancies, and (iv) the origin of the broad-band parasitic (yellow/violet) luminescence. For selenides, we
demonstrate the preferential existence of vacancies in one sublattice in differently doped samples, and the deco-
ration of these by the dopant atoms. We discuss the implications of the total-energy calculations for the opti-
mal growth of thin films with desired properties. This work has been done in collaboration with Tomi Mattila
and Sami Poykké. -

AsNCaz AT HIGH PRESSURE, PR. Vansant, PE. Van Camp, V.E. Doren, University of
Antwerpen (RUCA), Dept; of Physics, Groenenborgerlaan 171, 2020 Antwerpen, Belgium and
J.L. Martins, INESC, Rua Alves Redol 9, 1000 Lisboa, Portugal and Instituto Superior Tecnico,

Avenida Rovisco Pais 1, 1096 Lisboa, Portugal

An optimization scheme for crystal structure parameters developed by Souza and Martins is applied to the study
of ternary calcium nitrides. The forces and stresses are calculated with a pseudopotential plane wave method
using the local density approximation and based on an iterative matrix diagonalization scheme for the electro-
nic SCF calculation. The enthalpy is then minimized with respect to the atomic coordinates as well as with res-
pect to the cell metric (i.e. the lattice parameters).

We obtain excellent agreement with experiment for the zero-pressure structure of the perovskite structure
Ca3BiN (cubic Pm3m) and of the distorted perovskite structures Ca;PN and Ca;AsN (orthorhombic Pbnm). For
the AsNCa3 compound the bandgap energies are investigated as function of the pressure as well as the depen-
dence on pressure of the structural parameters. A new cubic phase consisting of three unit cells is found having
a lower enthalpy for pressures above 59 GPa.

ELECTRONIC STRUCTURE CALCULATIONS OF RANDOM ALLOYS: REAL SPACE VS
RECIPROCAL SPACE TECHNIQUES, LA. Abrikosov and B. Johansson, Condensed Matter

Theory Group, Uppsala University, Box 530, 75121 Uppsala, Sweden

The coherent potential approximation (CPA) has become a popular technique to study properties of random
alloys. However, despite a large number of successful calculations, there were no formal justification of the
reliability of this method. Moreover, the underlying single-site approximation has caused some doubts concer-
ning the applicability of CPA for calculating total energy and electronic structure even for completely random
alloys.

We have compared results of the CPA calculations with those obtained from the recently developed real-space
order-N locally self-consistent Green’s function (LSGF) method [1] for a number of different alloy systems.
Very good agreement is found for the electronic structures and magnetic properties. Total energies are aiso well
described by the CPA provided the electrostatic contribution is treated in an appropriate manner. On the other
hand, restricted averages calculated in the framework of CPA for alloy components show differences from the
results of LSGF calculations.

[1]. I A. Abrikosov, A. M. N. Niklasson, S. I. Simak, B. Johansson, A. V. Ruban, and H. L. Skriver, Phys. Rev.
Lett. 76, 4203 (1996).

AB INITIO STUDY OF YSi, SURFACE, L. Magaud, LEPES-CNRS, BP 166, 38042 Grenoble

Cedex 9, France and A. Pasturel, LPN, BP 166, 38042 Grenoble Cedex, France

We present an ab-initio study of YSi, bulk and surface cristallographic structures. The calculations are perfor-
med using the VASP (Vienna Ab-initio Simulation Package) code which is based on the density functionnal
theory and uses ultrasoft pseudopotentials. The calculation of the forces on the ions allows the determination of
the equilibrium configurations.Some technical details will be discussed (LDA or GGA, valence orbitals), for
bulk Y and YSi, and the VASP results will be compared to FPLMTO results.

YSi, cristallizes in an hexagonal structure made of alternate Y and Si planes. Bulk compounds are lacunary but
STM images showed that no vacancy exists at the surface. We studied the relation between the constrain which
appears in Y-Si system and the existence of the vacancies .

In the bulk, the vacancies induce a relaxation of the neighboring atoms ( Si and Y) in the hexagonal planes.
Long range ordering along the axis perpendicular to these planes is also discussed.

For the surface, the atoms inside the supercell remain on the same plane while the surface layer dissociate in a
bilayer, similar to the ones found in bulk Si along the (111) direction. This buckling of the surface is in good
agreement with experimental evidence. It is explained by a release of the Si in-plane constrain.

BREAK
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ELECTRONIC STRUCTURE CALCULATIONS OF VACANCIES AND THEIR INFLUENCE
ON MATERIALS PROPERTIES, P.A. Sterne, University of California, Davis CA 95616, USA

and Lawrence Livermore National Laboratory, L-407, Livermore, CA 94551, USA

Vacancies play an important role in determining many basic materials properties. This talk provides two
examples of how electronic structure calculations can contribute to our understanding of vacancies and their
role in determining materials properties. Diffusion and electromigration resistance in aluminium are known to
be strongly dependent on vacancies. Electronic structure calculations show that the vacancy-impurity interac-
tion oscillates with distance, and this leads to an explanation for both the increased electromigration resistance
and the slow impurity diffusion for dilute copper impurity concentrations in aluminium. Calculations of vacan-
cies in plutonium have been used in conjunction with positron annihilation lifetime measurements to identify
the presence of helium-stabilized vacancies. Helium stabilization of vacancies in this case provides the precur-
sor for subsequent vacancy-related changes in materials properties.

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore
National Laboratory under contract No. W-7405-ENG-48.

ASW-DFT-LDA STUDY OF C-CONTAINING TiAl, S.F. Matar, Y. LePetitcorps and J. Etourneau,
Institut de Chimie de la Matiére Condensée de Bordeaux, ICMCB-CNRS, Chateau Brivazac,

33608 Pessac Cedex, France

Using the ab initio self-consistent ASW method based on the local density functional and examining the bon-
ding characteristics from the COOP (crystal orbital overlap populations), implemented for the first time in such
methods, we address the electronic structures and chemical bonding properties of carbon containing TiAl. We
firstly examine the hypothetical compounds resulting from the insertion and substitution of carbon. From the
results carbon is found to preferably substitute for Al with Ti-C bonds around Fermi level (EF) and forming Ti-
rich phases. Then we calculate the electronic structure and chemical bonding properties of the actual temary
carbides forming at the interface between the carbon fibre and the TiAl matrix. The strongly covalent Ti-C
bonds identified for Ti;AlC and Ti,AlIC are remiscent of the formation of TiC in the vicinity of the C fibre befo-
re the ternary carbides, in agreement with experiment. Valence and conduction bands are separated by non-bon-
ding states around EF in Ti;AIC while bonding metallic Ti-Al interactions are present in TiAIC at Eg. The role
of Al in the bonding within the temary carbides as with respect to TiC is to reduce the directionality of the bon-
ding by its p states which interact with Ti(3d).

ELECTRONIC STRUCTURE OF STANNOUS OXIDE, M. Meyer(l), G. Onida(®),
M. Palummo(® and L. Reining(), (DCNRS-CEA, Laboratoire des Solides Irradiés, Ecole
Polytechnique, 91128 Palaiseau, France; (Z)Dipartimento di Fisica, Universita di Roma “Tor

Vergata”, 00173 Roma, Italy

Stannous oxide SnO is the precursor for the production of the technologically important stannic oxide SnO,.
The oxidation process results mainly in the insertion of an oxygen plane between two tin planes in the layered,
tetragonal SnO crystal. In order to well understand this structural evolution, it is crucial to have a precise des-
cription of the atomic and electronic structure of the two oxides, and of the relation between electronic and geo-
metric configurations.

We present an ab-initio study of the electronic structure of SnO. Total energies and charge densities are calcu-
lated and analyzed as a function of geometry, with a particular emphasis on the importance of low-charge-den-
sity contributions to the interlayer cohesion. Density Functional Theory in the Local Density Approximation
(DFT-LDA) is used in conjunction with carefully tested smooth pseudopotentials. The resulting DFT-LDA
bandstructure is corrected with self-energy contributions evaluated in the GW approach. SnO, has already been
studied in the past; and will be used for comparison.

1 M. Palummo, L. Reining, M. Meyer, and C.M. Bertoni, Proc. of the 22nd ICPS, Vancouver 1994, ed. D.J.
Lockwood, World Scientific Singapore (1995), p. 161.

FIRST PRINCIPLES INVESTIGATIONS OF A “QUASI-1-DIMENSIONAL” CHARGE
TRANSFER MOLECULAR CRYSTAL: TTF-2,5C,BQ, C. Katan, C. Koenig, GMCM UMR
6626, Université Rennes 1, Campus de Beaulieu, 35042 Rennes, France and P.E. Bléchl, IBM

Research Division, Zurich Research Laboratory, 8803 Riischlikon, Switzerland

Mixed-stack charge transfer compounds exhibit a dazzling variety of structural and electronic phase transition
driven by pressure, temperature or photoirradiation. Despite active research over several decades, a detailed
understanding of these materials is still elusive. We performed first-principles calculations using the projector
augmented wave method in order to get a clear description at a microscopic level of the electronic distribution
far from the transition for TTF-2,5Ci,BQ. Our calculation predict for the first time the low-symmetry structu-
re (ground state) of this compound. We analysed the 1-dimensional and 3-dimensional aspects of the electro-
nic distribution and related them to a simple tight binding scheme which allows us to discuss the pertinence of
the 1-dimensional models used to study the phase transitions in this class of materials.

AN AB INITIO OF THE ELECTRON AFFINITY OF DIAMOND SURFACES, M.J. Rutter and

J. Robertson, Dept. of Engineering, University of Cambridge, Trumpington St. Cambridge, UK
Diamond surfaces combine chemical inertness with, in some cases, a negative electron affinity. Such surfaces
have great potential for use on cold cathodes in flat displays. We present ab initio plane wave electronic struc-
ture calculations which enable us to predict the electron affinities of many different diamond surfaces with
various terminations and reconstructions. Such calculations give good accuracy and enable the study of perfect
surfaces with a range of terminating species so that the effect of the passifying layer can be readily seen.
Results for the (100) and (111) surfaces will be presented, giving a range of surfaces more comprehensive than
previously published.

We find that the electron affinity varies by over 5.5V between oxygen and hydrogen coverings, and that this
magnitude of variation can be understood as simply arising from surface dipoles such as polarised covalent
bonds would be expected to produce. A brief discussion is given of some of the technical points of performing
such a calculation, which combines ab initio LDA work with experimental results for the band-gap for diamond
in order to estimate accurately the position of the unoccupied levels.

LUNCH
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CONCEPTUAL AND COMPUTATIONAL ADVANCES IN MULTIPLE-SCATTERING ELEC-
TRONIC-STRUCTURE CALCULATIONS, R. Zeller, Institut fiir Festkorperforschung,

Forschungszentrum Jiilich, 52425 Jiilich, Germany

It is demonstrated that a physically transparent and exact transformation of the traditional multiple-scattering
theory (Korringa-Kohn-Rostoker method) into a tight-binding form exists and that the resulting ab-initio tight-
binding method allows density-functional electronic-structure calculations without any loss of accuracy. The
complicated traditional KKR structure constants are replaced by exponentially decaying «tight-binding» para-
meters which are easily calculated in real space with small clusters of repulsive muffin-tin potentials. It is
shown that for large systems the main computational effort consists in the inversion of rather sparse matrices
and that available standard software efficiently allows to implement the calculations on workstations, vector
and parallel computers. For surfaces and interfaces, i.e. for systems with two-dimensional periodicity, the com-
putational effort scales linearly with the number of layers. Thus the ab-initio treatment of high-indexed of sur-
faces and surface steps becomes possible. It is discussed that additional isolated atoms on surfaces and at steps
can also be treated and that recent improvements in full-potential multiple-scattering calculations deliver
reliable forces on the atoms and thus allow to determine the geometric arrangement of the atoms.

STUDY OF ORDERING EFFECTS IN MULTICOMPONENT ALLOYS BY MEANS OF THE
O(N) LSGF TECHNIQUE, S.I Simak(!), I.A. Abrikosov(1), A.V. Ruban(®) and B. Johansson(1),
(Condensed Matter Theory Group, Uppsala University, Box 530, 75121 Uppsala, Sweden;
(2)CAMP, DTU, 2800 Lyngby, Denmark

‘We propose an approach which allows one to study ordering effects in multicomponent systems. It is based on
the 1dea behind the Connolly-Williams method (CWM), in which the total energies of alloys with different sets
of correlation functions are mapped onto a corresponding cluster expansion. In contrast to the usual CWM
scheme we consider a set of alloys at a fixed alloy composition what, in a case of long-range interactions,
requires the consideration of big supercells. For this purpose the recently proposed order-N LSGF method [1]

‘turns out to be perfectly suitable. The obtained interaction parameters are inserted in a standard Monte Carlo

procedure which is used to study ordering effects as a function of temperature.

This approach has been applied to the Zn,5 Ni,5 Cus, alloy, which is known to undergo two order-disorder tran-
sitions. Both transitions have been found in our calculations, and calculated transition temperatures are in good
agreement with experiment.

[1]. 1. A. Abrikosov, A. M. N. Niklasson, S. I. Simak, B. Johansson, A. V. Ruban, and H. L. Skriver, Phys. Rev.
Lett. 76, 4203 (1996)

LDA AND LDA+U MODELING OF THE ELECTRONIC STRUCTURE OF THE MX CHAIN
SOLID, M. Alouani, IPCMS, 23 rue du Loess, 67037 Strasbourg, France

The electronic structure of a whole class of low dimensional system, the halogen-bridged transition metal (MX)
compounds, is studied by means of an all electron methods based on the local-density-approximation (LDA).
These studies have shown that the ligand structure surrounding each chain is essential to obtain the observed
dimerized and insulating ground state, and the metal-metal distance along the chains controls the charge-den-
sity wave (CDW) in halogen-bridged transition-metal linear-chain (MX) compounds. The strength of the CDW
can be understood in terms of a two band Su-Schrieffer-Heeger model with anharmonic potential.

The Spin-density-wave (SDW) NiX systems is studied by means of the mean-field multi-orbital Hubbard
model implemented around an all-electron LDA. We have found an absence of lattice dimerization and the
ground state is insulating and antiferromagnetic in good agreement with experiment.

Atomic relaxation and defect polarons in the CDW MX systems are studied by means of the Car-Parrinello
Projector Augmented Wave molecular dynamics method (CP-PAW). The ground state of polarons obtained by
CP-PAW is different from that obtained by simple models.

ORDER N TOTAL ENERGY TIGHT BINDING MODELISATIONS OF SILICON,
O.B.M. Hardouin Duparc and M. Torrent, Laboratoire des Solides Irradiés, CEA-CERAM, CNRS

URA 1380, Ecole Polytechnique, 91128 Palaiseau, France

We present a systematic comparison of several Tight Binding Total Energy modelisations of Silicon. These
modelisations include the tight binding electronic cohesive energy and a usually more empirical description of
a repulsive term. We examine both the band structure and various structural properties, such as structural sta-
bility, bulk modulus, elastic constants, four typical vibrational modes and their Grueneisen constants. We then
apply these models to the calculations of the minimized energies and band structures of some multivariant sym-
metric tilt grain boundaries. We discuss the influence of the choice of the cut off radii.

These calculations are mostly done using the real space order N density matrix technique. We resorted to stan-
dard reciprocal space calculations when band strutures or accurate excess energies where needed. Moebius
conditions were used for Grain Boundaries.
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COMPARISON OF TWO O(N) METHODS FOR TOTAL ENERGY SEMI-EMPIRICAL TIGHT-
BINDING CALCULATIONS, J. Chen, A. Béré, A. Hairie, G. Nouet and E. Paumier, LERMAT,
ISMRA CNRS UPRESA 6004, 6 bd du Maréchal Juin, 14050 Caen Cedex, France

We compare two O(N) methods based on a local evaluation of the density matrix (DM) via the Lanczos-
Haydock recursion scheme.

We have recently introduced the first method (*), which computes an approximated DM directly from the local
tridiagonalized hamiltonian (LTH).

In the second method the DM is obtained from the diagonalized LTH. The use of the first method is restricted
to temperatures higher than 1000K, but there is no limitation for the second one. The methods are compared
when applied to grain boundaries in silicon and germanium.

(*) A. Hairie, F. Hairie, B. Lebouvier, E. Paumier, IIB95, Lisbon, Portugal, June 26-29, 1995. Material Science
Forum, 1996, 207/209, 105-108. :

THE NEW COMPLETE MIXED BASIS IN THE ELECTRONIC STRUCTURE THEORY,
S.V. Syrotyuk, S.N. Kraevskyi, Department of Electrophysics, State University “Lviv
Polytechnic”, 290646 Lviv 13, Ukraine ’

The conventional norm-conserving pseudopotential approach shows the slow convergence. We perceive three
reasons of that: 1) the nonorthogonality of the pseudowave states in the crystal; 2) the lack of a small parame-
ter in the Hamiltonian matrix; 3) the difference of the crystal potentials Vi+(r)-vi(r) is not a small parameter (i
denotes the iteration stage number) and therefore one needs many iterations. We suggest the new complete
mixed basis(CMB) constructed on core states and plane waves by means of unitary transformation, which is
norm-conserving over the crystal. The above-mentioned drawbacks are absent in this new method. Since the
operator originated the CMB from nonorthogonal mixed set of states is unitary not only over the valence states

" but over the core states all the states are treated as pseudostates. The evaluated energy band spectrum of crys-

tal diamond is compared with results obtained in other ab initio an model pseudopotential approachs.

See programme of this poster session p. D-15 to D17.
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HYDRODYNAMIC SIMULATIONS OF SPACE EXPERIMENTS, K. Higashino, IHI, 229
Tonogaya, Mizuho-machi, Nishitama-gun, Tokyo 190-12, Japan; H. Mizuseki, Z. Zeng,
K. Ichinoseki and Y. Kawazoe, IMR Tohoku University, Sendai 980-77, Japan

Space experiment serves a promising research area to develop pure crystals and to determine diffusion
constants under low gravity. Especially in this year, an international collaborative laboratory in the space will
be established and long term experiment will become feasible. We are incorporated in this project by supplying
hydrodynamic simulation to estimate a variety of features of the expected experiments. Among them, here we
demonstrate our ability of «predicting before the actual experiments» by showing two typical numerical results.
(I) Dynamical flow simulation of shear cell: This experiment is expected to serve a too! to determine the dif-
fusion constant in melt. Since it is necessary to cut the melt in the diffusion process in the space, we should
simulate carefully the movement of liquid to avoid danger in the laboratory. (2) Marangoni convection: This is
the flow observed in the low gravity experiment according to the temperature distribution at the surface.
Because of this flow the resulting crystal has defects, and the effect should be estimated beforehand.

VIBRATIONAL AND STRUCTURAL PROPERTIES OF MODEL GLASSES, P. Jund,
D Caprion and R. Jullien, Laboratoire des Verres, Université Montpellier 2, Place E. Bataillon

CC069, 34095 Montpellier, France

Model soft-sphere glasses are studied using classical molecular dynamics. To get a better insight on the glass
transition we study both, the phonon spectrum and the structural properties using the Voronoi tessellation sche-
me.

Concerning the vibrational properties the results show a strong dependence on the glass history and more spe-
cifically on the quenching process. In particular the transverse branch shows a stronger localization than the
longitudinal branch and this may be connected to the presence of «liquid pockets» in the solid glass phase.
The study of the evolution of the local structure using the Voronoi statistics, permits to observe directly the
structural freezing below the glass transition temperature Tg. Moreover the geometrical characteristics of the
Voronoi cells show a discontinuity at Tg but further studies are necessary to distinguish between an intrinsic
effect or hidden cristallization phenomena.

Using the benefits of parallel computing, we are currently applying our simulation tools on more realistic sys-
tems like silica glasses.

NUMERICAL SIMULATION STUDY OF THE DISLOCATION CORE STRUCTURE OF DIS-
LOCATION, A. Aslanides and V. Pontikis, Laboratoire des Solides Irradiés, Ecole Polytechnique,

91128 Palaiseau Cedex, France

Plastic deformation of materials is controlled by the interaction, creation and elimination of dislocations. All
these processes are driven by mechanisms about which little is known concerning details on the atomic scale.
This is the case of the core structure of dislocation.

The importance of core effects causes the inapplicability of the elastic theory and makes a numerical treatment
necessary. Two different metals are chosen : Al and Cu, described by two phenomenological semi empirical
potentials.

We characterise the equilibrium configuration of an edge dislocation dissociated into two Shockley partials.
The influence of the core structure in terms of stresses and strains is comparatively studied in the two mate-
rials.

We discuss the validity of the elastic theory of dislocations by comparing our results to the theoretical predic-
tions.

DOMAIN WALL ROUGHENING IN HETEROGENOUS MAGNETIC SYSTEMS IN CIRCU-
LAR GEOMETRY, M. Jost and K.D. Usadel, Theoretische Tieftemperaturphysik, Universitit

Duisburg, Lotharstrasse 1, 47048 Duisburg, Germany

The interface dynamics of a growing magnetic droplet in a model with non-conserved order parameter and
quenched disorder is studied numerically within a discrete time dynamics at zero temperature. As usual in such
problems a depinning transition occurs, i.e depending on the value of a homogenous driving field the interface
gets trapped by the random impurities or it moves steadily with non-zero velocity.

Starting from a perfect circular droplet the interface soon gets rough and the time evolution as well as the mor-
phology of such a domain wall is analyzed for different driving fields in the pinning-phase with dynamic sca-
ling methods. The results are compared with experimental data of the domain wall roughening in CoPt alloy
films [M. Jost, J. Heimel and T. Kleinefeld, to be published]. It is found that the interfaces in the CoPt alloy
film are well described by the discussed model. The values of the characteristic exponents give rise to the
conjecture that these interfaces can be described by the Edwards-Wilkinson equation with quenched disorder.
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MECHANISMS OF FORMATION AND TOPOLOGICAL ANALYSIS OF POROUS SILICON -
COMPUTATIONAL MODELING, L.N. Aleksandrov and P.L. Novikov, Institute of

Semiconductor Physics, Academy of Science, Novosibirsk 90, 63090, Russia

Porous Silicon (PS) is promising material for device applications due to visible luminescence, varying dielec-
tric properties, extremely developed specific area. It is also an interesting object for fundamental investigation,
since fractal structure of PS exhibits number of optical and transport phenomena, which are not fully unders-
tood. The mechanism of formation of porous layer is still a controversial subject. Computational modeling
allows to study the physical mechanisms and kinetics of PS formation under anodization in hydrofluoric (HF)
acid.

In present work the computer simulation is carried out, which let control the process of PS formation via doping
level of substrate, anodic current density, temperature and HF concentration. The modified diffusion-limited
model was used, taking into account the relief-selective etching, thermal generation and recombination of holes
and quantum confinement effect in crystalline nanoparticles. Computer simulation is performed on two-dimen-
sional (160x80) and three-dimensional (160x160x80) lattice. Plots and plan-parallel cross-sections, respective-
ly, of obtained porous layers are presented. The analysis of simulated structure shows, that the porosity via
depth has gradient, which increases with hole generation factor decrease. The fractal dimension, calculated for
nanoporous structure, covers range from 1.8 to 3 with size of details, varying from 1 to 10 nm.

BREAK

EMBEDDED ATOM METHOD CALCULATIONS OF VIBRATIONAL THERMODYNAMIC
PROPERTIES OF ORDERED AND DISORDERED CuzAu AND Nij3Al, J. Althoff, D. Morgan,
D. de Fontaine, University of California, Berkeley, USA; M. Asta, S. Foiles, D. Johnson, Sandia
National Laboratories, Livermore, CA, USA

Recent work had suggested that vibrational effects can play a significant role in determining alloy phase equi-
libria. In order to better understand these effects, we investigate the vibrational properties of disordered and
ordered CusAu and Ni3Al using the Embedded Atom Method. We calculate vibrational thermodynamic quanti-
ties within the quasi-harmonic approximation. The vibrational entropy is found to be strongly dependent on

" volume and cell-internal relaxations. For fully relaxed structures the dependence on lattice decoration of the

vibrational entropy is compared to that suggested by recent experimental results.! Research supported by the U.
S. Department of Energy, Office of Basic Energy Sciences, Division of Materials Sciences.

1. B. Fultz, L. Anthony, and L.J. Nagel, Phys. Rev. B 52, 3315 (1995); L.J. Nagel, L. Anthony, and B. Fultz,
Phil. Mag. Lett. 72, 421 (1995).

ATOMIC STUDY OF POINT DEFECTS IN B, FeAl, R. Besson, S.M.S., Ecole des Mines, 158
Cours Fauriel, 42023 Saint-Etienne Cedex 2, France and J. Morillo, S.E.S.L., Ecole Polytechnique,
91128 Palaiseau Cedex, France

Using an EAM-type potential supplemented by three-body non central interactions, atomic simulations of point
defects formation and migration in B2 FeAl have been performed. The formation energies of single defects
agree with previous ab initio calculations. Investigation of multiple defects energetics at T = 0 K yields high
values (between 0.2 and 0.3 eV) for the binding energies of double defects that do not contain the Al vacancy.
Such defects should be taken into account in any realistic description of the thermodynamic equilibrium state
at high temperature. Moreover the complex defect involving first neighbour Al vacancy and antisite appears to
recombine spontaneously into a single Fe vacancy. Implications of this instability upon possible diffusion
mechanisms in B2 FeAl are discussed.

RESEARCH OF APBs ENERGIES IN ALLOYS WITH L1o-SUPERSTRUCTURE, V.V. Pivenj,
M.D. Starostenkov, A.V. Bakaldin, E.V. Chernyh, S.V. Klimenko, General Physics Dept., Altai

State Technical University, Lenin st. 46, Barnaul 656099, Russia

It this work proposes pattern of creation the interatomic interaction potentials of Morse’s type for ordered alloys
with L1o-superstructure. This pattern includes both collection of procedures with experimentally well-known
parameters of alloys and collection of procedures which uncritical to parameters (tetragonality values (c/a),
energies of sublimation; etc.) The object of pattern’s realization to creat and investigate of planar defects on
series of alloys and to obtain the features of superstructure.

Orientation dependences were founded in accordance with a computer analysis of APBs energy spectrums in
TIAL and PTZN with accounting of tetragonal distortion of the lattice. In process of calculation the isochoric
change of lattice’s parameters was simulated for various tetragonality values (c/a). The atom’s relaxation was
made near APB in various orientations {hkl} with the help of founded potentials. It was founded the features
of orientation anisotropy of APB-energies. At whole the propose pattern the structure’s properties of investi-
gation alloys.

COMPUTATIONAL TREATMENT OF ORDER-DISORDER PROCESSES BY USE OF THE
CLUSTER VARIATION METHOD, V.M. Matic, Laboratory of Theoretical Physica and Solid
State Physics, Institute of Nuclear Sciences - Vinca, P.O. Box 522, 11000 Belgrade, Serbia,

Yugoslavia

‘We present an implementation of the cluster variation method (CVM), applied to the Ising model, for compu-
tational characterization of order-disorder processes in binary systems. We show how the Newton-Ralphson
Iteration Scheme (NRIS) is used for numerical solving of system of nonlinear equations, obtained from the
condition of minimum of the free energy, in the range of the CVM approximation. An emphasis is made on the
problem of the starting iteration point (NRIS being very sensitive of it), for obtaining the low-temperature
(ordered) phases. It was shown that an infinitesimally small breaking of symmetry of high-temperature (disor-
dered) phases suppress obtaining solutions which correspond to the metastable phases (saddle points) by NRIS,
below the critical temperature T,. This kind of problems is illustrated by an example of oxygen ordering in
basal planes in YBa2Cu3Og,.,, system, modeled by the two dimensional asymmetric next-nearest neighbor Ising
(ASYNNNI) model.

LUNCH
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STABILITY AND ELECTRONIC STRUCTURE OF SMALL Na-Cu CLUSTERS: A FIRST
PRINCIPLE STUDY, C. Massobrio, IPCMS, 23 rue du Loess, 67037 Strasbourg, France; U. Heiz,

Institut de Physique Expérimentale, Université de Lausanne, 1005 Lausanne, Switzerland

Mixed metal clusters of sodium with copper, silver and gold produced by supersonic expansion have been the
object of recent experimental investigations ( U. Heiz, A. Vayloyan, E. Schumacher, J. Phys. Chem. 100, 15033,
1996 ). Neutral cluster abundances obtained from the photoionization mass spectra appear to be qualitatively
consistent with shell model arguments, which apply to a good extent in both sodium and coinage metals clus-
ters. However, precise knowledge of structural and electronic properties of these systems can only be gained
via accurate first principles calculations. Here we present a first principle study of the Na,Cu, system (x =1-7,
y=1-2) performed within the local density approximation of density functional theory by using the Car-
Parrinello method. For a given cluster size, we focus on the differences found between the case under consi-
deration and the pure systems. In particular the onset of the three dimensional character is investigated by ana-
lyzing the structural transformation undergone when the initial atomic arrangement is taken to be the one cor-
responding to either Na or Cu clusters having equal number at atoms.

THE EFFECT OF SPILL OVER IN THE ELECTRONIC AND MAGNETIC PROPERTIES OF
Ni, Co, and Fe CLUSTERS, J. Guevara, F. Parisi, M. Weissmann, Departamento de Fisica,
Comision Nacional de Energia Atomica, Avda. del Libertador 8250, 1429 Buenos Aires, Argentina,
and A.M. Llois, also at Departamento de Fisica, FCEN-UBA, Ciudad Universitaria, 1428 Buenos

Aires, Argentina.

We calculate the electronic structure of 3d-transition metal clusters using an spd-tight-binding Hamiltonian
which considers electron-electron interactions in the unrestricted Hartree-Fock approximation. Our model
Hamiltonian takes into account electron spill over at the cluster surface and uses bulk parameter values. We per-
form calculations for fcc and bee clusters of up to 177 atoms by making use of symmetry properties. We obtain
magnetic moments and ionization potentials for Ni, Co and Fe clusters, and compare with different experi-
mental results. The essential features of the electronic and magnetic properties are reproduced, starting with an
spd-bulk parametrization, if a realistic approach for the electron spill over is considered.

GEOMETRICAL EFFECTS ON THE MAGNETISM OF SMALL Ni CLUSTERS, S. Bouarab,
A. Vega, M.J. Lopez, M.P. Iniguez and J.A. Alonso. Departamento de Fisica Teorica, Universidad
de Valladolid, 47011 Valladolid, Spain

A self-consistent tight-binding method has been used to calculate the average magnetic moments p of Niy clus-
ters between N=5 and N=16. The geometrical structures were taken from the results of molecular dynamics
simulations with semi-empirical potentials. The agreement with experiment (minima of p at N=6 and N=13,
and a maximun for N=8) is good and the variations of the average magnetic moment are explained as a conse-
quence of geometrical effects: low coordinated atoms have large magnetic moments. Furthermore, the devia-
tion of the interatomic distances from a smooth behavior also influences the magnetic moments. The contribu-
tion of the sp electrons to the magnetism is found to be relevant for Ni clusters with less than ten 10 atoms.

FIRST-PRINCIPLES APPROACH TO THE CALCULATION OF ELECTRONIC SPECTRA IN
CLUSTERS, L. Reining, CNRS-CEA, Laboratoire des Solides Irradiés, Ecole Polytechnique,
91128 Palaiseau, France and G. Onida, Dipartimento di Fisica, Universita di Roma “Tor Vergata”,
00173 Roma, Italy .

We present first-principles calculations of absorption and photoemission spectra in small clusters, going well
beyond a standard Density Functional Theory - Local Density Approximation (DFT-LDA) approach. Starting
with a DFT-LDA calculation, we evaluate self-energy contributions to the quasiparticle energies of an electron
or hole in the GW scheme, where the self-energy . = GW is constructed from the one-particle Green’s func-
tion G and the RPA screened Coulomb interaction W.

We discuss the importance of these effects at the example of photoemission spectra of hydrogenated silicon
chains, SinH,, (n < 5), taking moreover into account the very important contributions of structural relaxation.
On the other hand, a realistic description of the optical absorption spectrum of a small cluster requires also the
evaluation of the effects of electron-hole interaction. These excitonic effects can be as large as the self-energy
corrections itself.1 We discuss their contributions to the spectra of the chains.

1 G. Onida et al, Phys. Rev. Lett. 75, 818 (1995).

NON LINEAR DYNAMICS OF ELECTRONS IN METAL CLUSTERS, P.G. Reinhard, Institut
fiir Theoretische Physik, Universitit Erlangen, Staudtstr. 7, 91058 Erlangen, Germany and
E. Calvayrac and E. Suraud, Laboratoire de Physique Quantique, Université Paul Sabatier, 118
route de Narbonne, 31062 Toulouse Cedex, France

‘We study the dynamics of the electron cloud in sodium clusters for small and for large amplitude excitations in
the Time-Dependent Local-Density Approximation (TDLDA), without recurring to linear approximations. In
particular, we discuss the interpretation of strength function and power spectrum as obtained from dynamical
calculations. We demonstrate the constructive and destructive interference contained in the various spectral
states. We search for special signature of nonlinear couplings in the large amplitude regime, however without
finding pronounced effects. We display examples of applications in the case of interactions between clusters
and intense laser beams.
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KINETIC 3D LATTICE MONTE CARLO SIMULATION OF PHASE TRANSFORMATIONS
AT ION BEAM SYNTHESIS OF NANOCLUSTERS, K.H. Heinig, M. Strobel, Research Center
Rossendorf, P.O. Box 510119, 01314 Dresden, Germany; M. Palard, CSNSM, bat 108, 92405

Orsay Campus, France

The synthesis of nanoclusters is becoming an expanding field of interest due to potential applications in micro-
and optoelectronics. Nanocrystals, for instance, exhibit luminescence that usually does not appear in the bulk
material. Nanocrystals can be synthesized by ion implantation, their properties depend strongly on the implan-
tation and annealing conditions. Some aspects of ion beam synthesis remain to be explained. For instance, self-
organization in the spatial distribution of nanoclusters has been observed.

Kinetic 3D lattice Monte Carlo (MC) simulations, based on a stochastic cellular automaton, have been perfor-
med to determine the dependence of the precipitate radius distribution (PRD) on the ion flux and fluence as
well as on the implantation and annealing temperatures. It has been found that there are different implantation
and annealing regimes. Unexpected spatial nanocluster size distributions can form at low implantation tempe-
ratures which results in a strong depth redistribution of implanted ions during subsequent annealing. Our com-
puter simulations explain for the first time the frequently observed self-organization as an intrinsic property of
ion implanted layers.

THE GROWTH DYNAMICS OF ENERGETIC CLUSTER IMPACT FILMS, M. Moseler,
J. Nordiek, O. Rattunde, H. Haberland, Freiburg Materials Research Center, Stephan-Meier-Str. 21,

79104 Freiburg, Germany

Thin film growth by energetic cluster impact (ECI) [1] can be described by a stochastic differential equation
for the surface profile h(x,t), where x is a two dimensional position vector parallel to an initially flat surface.
Assuming that the impact of a cluster initiates a down-hill mass current proportional to the local slope of the
sur