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Introduction 

The annual Scientific Report of the Institute for Solid State Research of the Research Centre 
Jülich will from now on be published in English. The report will then be available to the 
international scientific community and will replace the 'IFF-Bulletin', that previously was 
issued by the IFF semi-annually. The Scientific Report includes therefore the information that 
was previously covered in the Bulletin. 

This report has been prepared mainly to inform the external Scientific Advisory Board which 
visits the IFF yearly to advise and criticise on the work of the institute and to report on this 
work to the Governing Board of the Jülich Research Centre.  

The report is intended to complement the formal presentations by staff members by 
introducing the Scientific Advisory Board to additional selected themes addressed and results 
obtained in the institute. Selection of a cross section of work is inevitable in view of the more 
than 200 publications generated by IFF members in 1998. 

Nevertheless, we believe that the report gives an accurate picture of our work, and a picture 
that we hope will interest friends and colleagues around the world. We would of course be 
happy to learn of questions, feedback, support and criticism on the report, and indeed on all 
matters pertaining to the work programme of the institute. 

All large scientific institutions are today more than ever required to justify their existence, 
even of institutions like IFF that continually rejuvenate themselves and remain at the scientific 
cutting edge, whilst taking care to avoid merely ‘following trends'. In what respect(s) does the 
Institute serve the tax-payer? Perhaps I may comment on this by quoting some lines of 
Friedrich Nietzsche's: 

... Die Wissenschaft aber kennt keine Rücksichten auf letzte Zwecke, 
ebensowenig als die Natur sie kennt: sondern wie diese gelegentlich Dinge von 
der höchsten Zweckmäßigkeit zustande bringt, ohne sie gewollt zu haben, so wird 
auch die echte Wissenschaft, als die Nachahmung der Natur in Begriffen, den 
Nutzen und die Wohlfahrt der Menschen gelegentlich, ja vielfach fördern und 
das Zweckmäßige erreichen - aber ebenfalls, ohne es gewollt zu haben. ... 

.... No less than nature itself, science recognizes no end purpose: rather, as nature 
inadvertently creates things of the greatest utility, so also will genuine science, the 
abstraction of nature, occasionally, abundantly, satisfy the needs and welfare of 
people and so deserve the etiquette of ‘useful’ - but similarly, without intending it 
to be so. 

  

G. Eilenberger 

Managing Director 1999 

  





 

 

1. Management and Structure 

 Institutes: 

 Prof. G. Eilenberger, 

Insitute 'Theory I'  

(IFF Managing Director for 1999) 
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Prof. K. Urban, 
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'Construction' 
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K.Hirtz 

  

'Administration' 
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2. Overview 

  

The Institute for Solid State Research (IFF) pursues research on condensed materials in the 
solid or liquid state. With the study of the properties of materials in bulk as a foundation, 
work in the IFF covers inhomogeneous systems and systems with reduced dimensionality and 
the rich phenomena associated with such systems. Particular emphasis is placed on clusters, 
surfaces, thin films and membranes. The overall approach, in the theoretical as well as the 
experimental groups, can be characterized in terms of three strategic components: 

• Method Oriented Research: Development of new methods and the improvement of 
existing methods, both in the experimental and the theoretical/numerical sectors. 

• Phenomena Oriented Research: The search for, discovery of and research on, an 
explanation for general phenomena and behaviour in condensed matter systems, 
including the mathematical and physical concepts and structure underlying this 
behaviour. 

• Materials Oriented Research: The investigation of specific materials or classes of 
materials with a view to gaining an understanding of their special properties and, 
where appropriate, exploring their potential for practical application. 

The general physical basis for all these components is provided by statistical physics and by 
quantum mechanics, which describe on a microscopic scale the behaviour and the reaction to 
external influences of electrons and atoms, the building blocks whose aggregation and 
cooperation is responsible for the formation of condensed phases. Investigating the manner in 
which this occurs and the relations between the various building blocks and the condensed 
phases to which they give rise, subsumes the current thrust of theoretical and experimental 
work in the IFF.  

At the same time, past work on special materials and methods of preparation has spawned an 
increasing experimental effort in the development of systems and components that show 
promise of outstanding characteristics. In turn, this development has led to participation of the 
theoretical institutes and Working Group, which employ modern methodologies in order to 
describe and understand the often extraordinarily complex behaviour of these new systems. 

In pursuing a research strategy oriented towards the future, the IFF has extended its sphere of 
activity substantially by founding Institutes focused on Ceramic Materials and on Scattering 
Methods. This establishes new areas in the Department with strong potential for the future, 
and extends and builds on the core activities. Similarly, the research sector 'Soft Materials' has 
been strengthened via the founding of a new Institute with this focus, by the choice of a 
Director of the institute Theory II whose research focuses on this area, by coordinating work 
in other institutes to impact on soft materials research and by providing wide-ranging and 
attractive possibilities for cooperation within the Jülich Research Centre in general. 

The following specific foci of work in the IFF are symptomatic of the nature and purpose of a 
Helmholtz-Research-Centre: 

• Contributing to the construction and running of new experimental equipment and 
measuring facilities for international sources of neutron and synchrotron radiation. In 



addition to the Jülich Research Reactor 'DIDO', the following facilities are currently in 
use: BESSY, HASYLAB, ESRF, neutron sources in Argonne, Berlin, Brookhaven, 
Gaithersburg, Grenoble, Munich, Riso, Saclay and Appleton.  

• Using the Jülich Computer Centre, mainly for theoretical investigation and large-scale 
numerical simulations.  

• Subject matter requiring especially high levels of investment and/or the continuity of a 
highly qualified team of staff (in most cases in the context of national and 
international cooperative projects and services). Examples are: the centre for high-
resolution electron-microscopy, the maintenance of particle accelerators, the electro-
ceramic laboratory, the crystal growth facility, superconductor technology, the 
development of specialized numerical procedures and programs. 

Over the long term, the research effort of the IFF has achieved a broad-based and 
internationally recognized status. Special technical excellence was achieved in the following 
areas: electron-microscopy, electron-spectroscopy, high-temperature superconductivity for 
information technology, growth of compound semiconductor crystals, magnetic thin film 
systems, cluster-physics, electron-theory, dynamical features of phase-transitions, quasi-
crystals and polymer-physics. 

The foundation for the focal areas of research in the IFF mentioned above and the position of 
the IFF in the international community as a valued partner for cooperation is its strong 
position in basic research. The IFF carries out basic research in areas where interesting 
developments having potential for the future occur, especially where this provides the 
underpinnings of more applied research projects. 

Genuine innovation (as distinct from continuous development) occurs typically as a by-
product of curiosity-driven research. An excellent example is the discovery in the IFF in 1988 
by Prof. Peter Grünberg of the so-called 'giant magnetoresistance effect'. This has in the 
intervening years evolved into a highly active branch of solid state physics and is the basis for 
several attractive applications in magnetic sensors, for example as read-heads for magnetic 
discs and as control sensors for moving parts. The contribution of Prof. Grünberg in opening 
up this area of applied research was recognized by the Bundespräsident via the award of the 
1998 'German Future Prize for Technology and Innovation'. The license revenue from the 
patents which were taken out as a result of this work represent the largest contribution to the 
total patent revenue of the Research Centre Jülich devolving from a single application! 

Together with the ISI and the IGV, the IFF participates in Jülich's program 'Basic Research in 
Information Technology' (PGI). In this context, with its strong basic research infrastructure as 
foundation, the IFF has in recent years extended its facilities for technical-development and 
component-design substantially. For example, the PGI-Program has led to the incorporation 
within the framework of the 'HGF-Strategic-Fund Scheme' of the programs 'Superconductors 
for the Communications Technology of the Future' and 'Microtechnological High-
Performance Components - Micro-inductors'. In addition, the IFF has demonstrated the 
synergy between sophisticated basic research and applied research of direct relevance to 
industry in the areas 'Growth of Compound Semiconductor Crystals' and 'Superconducting 
SQUID-systems and High-frequency Components'. 

The scientific work of the IFF has generated in 1998 256 publications, 7 patents and 13 patent 
applications. IFF scientists gave 328 seminars at universities, institutes, conferences and 
workshops of which 201 were invited. In addition, IFF staff carried out 36 courses or 



educational seminars at universities. 28 staff members are represented in the formal lecture 
schedules of teaching institutions. 

The traditional IFF-Spring School was held in 1998 with topic 'Physics of Nanostructures' and 
attracted 300 participants. 

In 1998, 11 students working at the IFF were awarded their Diplom (M.Sc. equivalent) and 21 
received their Doctorates (Ph. D. equivalent). In total during 1998, 20 students were working 
at the IFF on a Diplom program and 52 on a Doctoral program. 

In the past few years, the IFF has significantly increased its role as contractor to large 
companies (e.g. Bosch, Siemens, Daimler/Chrysler, Thompson, Philips) and contract work 
has become the main focus of some groups. This is especially the case in connection with 
attracting large-scale national (German) and international external funding for specific 
projects. Under the auspices of the Technology Transfer Bureau of the Jülich Research 
Centre, the IFF rents equipment to companies that have established themselves in the Jülich 
Technology Centre. The IFF has also designed and built pilot equipment for companies, 
focusing on areas where a cooperative effort within the respective industry could not be 
achieved (e.g. vertical Bridgman-Process for GaAs), and has developed and sold to a number 
of research institutions duplicates of equipment developed locally (e.g. SQUID Measuring 
Systems; sputtering apparatus for superconductors and oxides). 

Amongst the most important roles of a large Research Centre is to make its facilities and 
equipment available to universities and other research institutions for work that may or may 
not bear a simple relation to the scientific programs that are being pursued by the Centre. In 
this regard, the Jülich Research Centre with its exemplary infrastructure under the auspices of 
the individual institutes that constitute the IFF, offers the following highly utilized 
capabilities: 

• Access of the international research community to the neutron scattering facility FRJ2  
• Use of the Jülich Center for High-resolution Microscopy  
• Short-term availability of beam time on the Cyclotron and Tandetron for guest 

scientists in the context of the program 'Verbundforschung’ financed by the Federal 
Ministry of Education and Researcch (BMBF)  

• Maintenance and further development of the apparatus JUSIFA at HASYLAB, 
assistance with experiments conducted by guests 

 
 
 
 
 
 
 
 
 
 
 
 
 



Personal Honours, Awards, and Distinctions 

  

Markus Breidenich (Dipl-Phys) was awarded the Spingorum-Medal of the Technical-
University of Aachen for his masters thesis. 

Prof. Thomas. Brückel was appointed to the Scientific Board of the Laue-Langevin Institute 
(ILL Grenoble). Together with Prof. Mikeska (University of Hannover). Prof. Brückel was 
voted as 'Representative' on the BMFT-Joint-Project 'Space and time correlations in magnetic 
materials'. 

In June 1998, Prof. Wolfgang Eberhardt was appointed to serve for three years as a member 
of the Scientific Advisory committee (SAC) of the Advanced Light Source (ALS) at 
Lawrence Berkeley Laboratory (LBL), Berkeley, California, USA. 

Prof. Peter Grünberg received the 1998 German 'Future-Prize for Technology and Innovation'. 

In May 1998, Dr. John Harris was awarded an 'Honorary Doctor of Technology' degree by 
Chalmers Technical University, Gothenburg, Sweden. 

Dr. Detlef Hohl completed successfully his 'Habilitation' at the Technical University of 
Aachen with thesis title 'Computational Theory of High-density Hydrogen'. 

In November 1998, Dr. R. Kläsges received in recognition of his dissertation the Ernst-
Eckhard-Koch Prize awarded by the 'Support Group of the Berlin Electron-Storage-Ring'. 

Prof. Heiner Mueller-Krumbhaar was voted as Representative of the Working Group 'School 
Physics' of the North-Rhine-Westphalian Conference of University Physics Departments. 

Prof. Dieter Richter was appointed to the Research Commission of the Paul Scherrer Institute. 

Prof. Dieter Richter was offered a Chair of Experimental Physics by the Technical University 
of Munich. 

Ms Claudia Schlebusch received the Young Scientist Award of the European Materials 
Research Society for the best paper presented to the E-MRS '98 Symposium in Strasbourg, 
France. 

Dr. Günter Schütz completed successfully his 'Habilitation' at the Mathematics and Science 
Faculty of the Rheinische Friedrich-Wilhelms-University in Bonn with thesis title 'Integrable 
Stochastic Many-body Systems'. 

Dr. Karsten Wildberger was awarded the Borchers-Medal of the Technical-University of 
Aachen for his doctoral thesis. 

Dr. Walther Zimmermann received and accepted the offer of a professor position at the 
University of the Saarland, Saarbrücken. 

 
 



Titles of selected publications 
 

• Institute Theory I  

1. Electronic structure of correlated magnetic metals 
A. I. Lichtenstein  

2. Theory of Sum Frequency Generation from Metal Surfaces 
A. Liebsch  

3. Model Study of Brittle Fracture of Polymers 
B. N. J. Persson  

• Institute Theory II  

1. Steady state selection in driven diffusive systems with open boundaries 
G. M. Schütz, V. Popkov  

2. Ordering phenomena of star polymer solutions approaching the state 
C. N. Likos, H. Löwen1 
1Universität Düsseldorf  

3. Freezing and glass transition in finite systems 
Z. T. Nemeth, H. Löwen1 
1Universität Düsseldorf  

4. Models for slow energetic relaxation processes 
K. W. Kehr, K. P. N. Murthy1 
1IGCAR, Kalpakkam, Indien  

• Institute Theory III  

1. Direct Exchange and Interaction of 3d impurities on the (001) Surface of 
Iron 
B. Nonas, K. Wildberger, R. Zeller, P. H. Dederichs  

2. A Parallelized ab initio Molecular Dynamics Code for the Investigation of 
Atomistic Growth Process 
R. Berger, S. Blügel, A. Antons, Wi. Kromen, K. Schroeder  

3. Multifractal structure of eigenstates in the Anderson model with long-
range off-diagonal disorder 
D. A. Parshin1, H. R. Schober 
1Technical State University, 195251 St. Petersburg, Russia  

4. Partial draining of a tethered polymer in flow 
Diego Kienle1, Roland Rzehak1, Walter Zimmermann1, 2 
1IFF Theorie III and Forum Modellierung 
2Theoretische Physik, Universität des Saarlandes, D-66041 Saarbrücken  

5. Dynamics of Viscoelastic Flow in Ion Tracks Penetrating Glassy Materials 
H. Trinkhaus, H. R. Schober  



6. Creep Motion of a Solidification Front in a Two-Dimensional Binary Alloy 
X. Feng, E. A. Brener, D. E. Temkin, Y. Saito  

7. Surface Instabilities in Cracks 
Efim A. Brener, V. I. Marchenko  

• Institute Scattering Methods  

1. Resonant Inelastic X-Ray Scattering of EuO, EuS, and Eu3Fe5O12 
Wolfgang A. Caliebe  

2. Nanostructrual Characterization of Hydrogen Diluted a-SiGe: H Alloys 
by Anomalous Small-Angle X-ray Scattering Studies 
G. Goerigk  

3. Competing magnetic interactions in Gadolinium-Europium-Sulfide mixed 
crystals 
D. Hupfeld, W. A. Caliebe, Th. Brückel  

4. Interface and magnetic characterization of Fe/ρ-Mn/ Fe sandwich 
structures using scattering methodes 
E. Kentzinger, U. Rücker, W. Caliebe, G. Goerigk, F. Werges, B. Alefeld, C. 
Fermon* 
*DRECAM/ SPEC, CEA Saclay, 91191 Gif sur Yvette cedex, France  

5. Wide-angle neutron scattering with polarization analysis-structural 
investigations of Polyalkylmethacrylat polymer glasses 
W. Schweika  

• Institute Neutron Scattering  

1. Crossover from rouse Dynamics to Local Bond Relaxation 
A. Arbe, M. Monkenbusch, J. Colmenero, D. Richter  

2. Microscopic Dynamics of a confined glass-forming liquid 
Reiner Zorn, Lutz Hartmann*, Dieter Richter, Friedrich Kremer*, Bernhard 
Frick+ 
*Universität Leipzig 
+Institut Laue Langevin, Grenoble/Frankreich  

3. Isotropic Lifshitz Critical Behavior in a Mixture of a Homopolymer Blend 
and Diblock Copolymer 
Dietmar Schwahn, Kell Mortensen*, Heinrich Frielinghaus*, Kristoffer 
Almadal* 
*Risø National Laboratory, DK -4000 Roskilde, Denmark  

4. Constrained dynamics of ordered star polymer solutions: determination of 
the microscopic confinement size using NSE 
G. Ehlers1, P. Schleger1 
1ILL, Grenoble  

5. Amphiphilic block copolymers: Micellarization and Emulsification 
Properties 



L. Willner, A. Poppe, J. Allgaier, D. Richter, B. Jakobs1, T. Scottmann1, R. 
Strey1 
1Universität Köln  

6. Probing a Second Order Phase Transition in a Perovskite by Rotational 
Tunnelling Spectroscopy 
M. Prager, H. Grimm, P. Schiebel  

7. Design studies of the phase space transforming backscattering 
spectrometer for the FRM II 
O. Kirstein, H. Grimm, M. Prager  

• Institute Materials Development  

1. GaAs crystal growth and defect studies 
K. Sonnenberg  

2. Injection of protons into inert gases using a high-temperature proton 
conductor 
T. Schober, J. Friedrich, D. Triefenbach  

3. J. Hauck, K. Bickmann, R. Fischer, K. Mika 
Ordered bcc alloys 
J. Hauck, K. Bickmann, R. Fischer, K. Mika  

• Institute of Electroceramic Materials  

1. Colossal Magnetoresistance (CMR) in acceptor doped Lanthanum 
Manganites 
R. R. Arons1, U. Hasenkox3, C. Osthöver2, Ch. Sauer2 
1Institut für Elektrokeramische Materialien 
2Institut für Elektronische Eigenschaften 
3Institut für Werkstoffe der Elektrotechnik II, RWTH Aachen  

2. The nature of perovskites of ABO3-type at elevated temperatures 
K. Szot1, W. Speier2, J. Herion3, A. Mück3 
1Institute for Electroceramic Materials 
2Institute of Chemistry and Dynamics of the Geosphere 
3Institute of Thin Film and Ion Technology  

3. Ba-zirconate: an old high temperature proton conductor revisited 
H. G. Bohn, T. Schober, J. Friedrich, D. Triefenbach  

4. Melting experiments on the proton conducting oxide BCN18 using 
microwave heating 
M. Barton, P. Meuffels, R. R. Arons  

• Institute Microstructure Research  

1. Cryogenic dielectric resonators for future microwave communication 
I. S. Ghosh3, D. Schemion1, S. Schornstein2, M. Winter1, N. Klein1 
1Institut fü Mikrostrukturforschung 



2presently employed at Softlab. Köln 
3presently employed at Philips Research Center, Aachen  

2. Operation of HTS dc-SQUID Sensors in High Magnetic Fields 
M. I. Faley1, U. Poppe1, K. Urban1, E. Zimmermann2, W. Glaas2, H. Halling2, 
H.-J. Krause3, M. Bick3, D. N. Paulson4, T. Starr4, R. L. Fagaly4 
1Institut für Festkörperforschung, FZ-Jülich GmbH, D-52425 Jülich, Germany 
2Zentrallabor für Elektronik, FZ-Jülich GmbH, D-52425 Jülich, Germany 
3Institut für Schicht- und Ionentechnik, FZ-Jülich GmbH, D-52425 Jülich, 
Germany 
4Tristan Technologies inc., San Diego, CA 92121 USA  

3. Formation of As precipitates in Be doped non-stoichiometric GaAs and 
their influence on the electrical properties 
M. Luysberg, K. Thul  

4. A novel type of dislocation in an Al-Pd-Mn quasicrystal approximant 
H. Klein, M. Feuerbacher, P. Schall  

5. Observation of the atomic structure of a ∑=3 {111} twin boundary 
junction in a BaTiO3 thin film by phase-retrieval electron microscopy 
C. L. Jia1, R. Rosenfeld1, A. Thust1, K. Urban1 
1Institut für Festkörperforschung, FZ-Jülich GmbH, D-52425 Jülich, Germany  

• Institute Electronic Properties  

1. Electronic structure and magnetism of 1-D nanostructures 
A. Dallmeyer1, R. Kläsges1, C. Carbone1, W. Eberhardt1, C. Pampuch2, O. 
Rader2, W. Gudat2, P. Gambardella3, K. Kern3 
1Institut für Festkörperforschung, FZ-Jülich GmbH, D-52425 Jülich, Germany 
2BESSY GmbH, Lentzeallee 100, D-14195 Berlin 
3Institut de Physique Expérimentale, EPF-Lausanne, CH-1015 Lausanne  

2. The influence of NiO and CoO outerlayers on the GMR effect 
F. Voges, P. Grünberg, R. Schreiber  

3. Tunnelling Magnetoresitance Structures with Barries Produced by UV 
Oxidation 
P. Rottländer, H. de Gronckel, P. Grünberg  

4. Photoelectron Spectroscopy of La2On: Experiment and Theory 
R. Klingeler, M. Neeb, P. S. Bechthold  

5. Improved charge generation efficiency of an organic photoreceptor 
material by C60 
J. Morenzin, C. Schlebusch, B. Kessler  

6. Electronic Structure of Single Wall Carbon Nanutubes in Buckypaper 
Annette Karl1, Stefan Eisebitt1,2, Ingo Wirth2, Gunther Kann2 
1RIXS Work 
2STM Work  



7. Femtosecond multi-photon photoemission of small Ptn-cluster anions 
Niko Pontius, Paul S. Bechthold, Matthias Neeb, Wolfgang Eberhardt, Jürgen 
Lauer, Heinz Pfeifer  

8. Excited state dynamics of an organic photoconductor 
C. Schlebusch, S. Link, A. Scholl, B. Kessler, W. Eberhardt  

9. Electric Field Induced Changes in STM Images of Metal Surfaces 
S. Heinze, X. Nie, M. Weinert, S. Blügel  

• Special Group: Materials subject to high radiation doses  

1. Dimensional changes of - and -SiC after helium implantation and 
thermal annealing 
P. Jung1, J. Chen1, H. Klein1 
1Sondergruppe Werkstoffe unter hoher Bestrahlungsbelastung  

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

  



Institute Theory I: General Overview 

Research Areas 

The main focus in the Institute is on gaining an understanding of electronic structure and 
atomic-scale processes and, wherever realistically possible, performing quantitative 
calculations. The term 'quantitative' is used here to draw a distinction to the other important 
'qualitative' aspect of theory, which considers characteristic elements of physical reality in the 
abstract and represents these using the simplest possible theoretical or numerical 
representation. The individual themes that constitute this area of activity will be described in 
more detail below. 

Another research area of the Institute, the theory of non-linear systems, has been transferred 
to the 'Modelling Forum', where Dr Lustfeld, co-opted as a member of the Forum for the the 
period 1997-99, is applying his know-how to environmental problems. This, together with 
activities of the Forum Members Dr. Baumgärtner (Theory II) and Dr. Zimmerman (Theory 
III, now the University of Saarbrücken) and doctoral students of the Forum, constitutes a 
purely theoretical, multi-institutional approach to interdisciplinary tasks. This activity will 
retain its support from theory in the future. 

The research area of Prof. Eisenriegler - 'Geometric Effects in Complex Fluids' - bears a close 
relationship to the theory of soft-matter, though it remains a separate activity. The work 
studies the forces that operate between geometric objects - walls, spheres (colloids) and 
cylinders having dimensions in the mesoscopic range - which arise as a result of 
thermodynamic effects in the surrounding fluid. Examples are critical fluid mixtures and 
dilute polymer solutions. The methods employed in these studies include analytical, field-
theoretical approaches as well as numerical simulations in collaboration with Dr. Bringer, 
who contributed methodologies and programmes. In addition, Dr. Bringer has established a 
close collaboration with the experimental Institute of Prof. Lengeler, RWTH Aachen, with 
regard to the quantum-mechanical treatment of interference effects in semiconductor-
nanostructures. 

For a given collection of nuclei, the structure and properties of the resulting atomic assemblies 
are determined in the last analysis by the electrons. Thus the main focus of the Institute's work 
programme, referred to above, in fact includes the entire physics of condensed materials! A 
choice of relevant problems in this area, which is addressed by a virtual army of theorists 
worldwide, is made according to the following aspects: 

• current issues of a methodological or thematic nature,  
• the expertise of staff members,  
• the availability of computer programme-packages that have evolved over many years 

(and so can be compared to moderately expensive experimental equipment),  
• special capabilities of the Jülich computer facility,  
• status of competition and possibilities for collaboration, local, national and 

international.  

In this sense, a central feature is the ongoing development and application of current density-
functional/ab initio molecular dynamics programmes, especially in conjunction with the 
powerful computational facility in ZAM. Work in this area has been performed by Dr. Jones, 
Dr. Lichtenstein, Dr. Ballone, Dr. Kaschner and Ms Montanari (student). An example of work 
in this research area can be found below. 

http://www.fz-juelich.de/zb/urn/urn_iff_sr/www.fz-juelich.de/iff/Institute/it1/index.html


The computer programmes run currently on the T3E. On-going development includes the 
testing of new, non-local approximations for the exchange-correlation energy functional. Such 
approximations are essentially empirical and not the result of ab initio theory. This leads to 
systematic deviations with respect to measured values and with values calculated for small 
systems by more reliable, but much more resource intensive quantum methods. Combining 
accuracy with ease of computation will remain a challenge into the future. The focus of 
applications has been to atomic clusters, especially those with light atoms (organic molecules, 
carbon-aggregates, systems containing water), which require ‘hard' pseudopotentials and so 
represent difficult numerical problems. Other applications include energy surfaces and 
phonons in glasses. 

A further area of research concerns the interaction of electrons and electromagnetic fields in 
bulk materials (Prof. Sturm) and on sufaces (Dr. Liebsch). In the former case, new results 
constitute a consistent calculation of the dielectric function ε (k, w). In the latter, the focus is 
on the calculation of linear and non-linear optical response on clean and adsorbate covered 
surfaces, an area of especially active research for spectroscopy and diagnostics at surfaces. An 
example of work in this area can be found below. 

  

An important research topic in the Institute is the atomic theory of friction and the related 
issue of crack propagation in polymers. This work is summarized below as an example of the 
general area of research. Over the past four years, Dr. Persson has pioneered work in this area 
(much of which is summarized in his 1997 monograph on this topic). This remains an area 
whose development is just breaking out of infancy, and has broad-based ramifications and 
many open questions. 

External Funding and Collaborative Projects 

• Dr. Liebsch was awarded a grant from the EU to conduct a collaboration with South-
American Universities over the period 1996-98. The grant covered Dr. Liebsch's travel 
and local expenses.  

• Dr. Hohl received financial support in the form of a BAT IIa position from the DFG 
(German Research Association) to assist pursuit of a research programme on 
‘Computersimulations in Materials Research'. This was used to finance the position of 
Dr. Kaschner up to May 1998.  

• Between 1994 and 1999, Dr. Persson was granted support by the DFG to cover annual 
3-month guest visits to IFF by Prof. Volokitin, University of Samara, Russia.  

• As a participant on a 5-year BMBF(German Research Ministry)-supported German-
Israeli Cooperative Project, Dr. Persson receives from 1998 annual funding of 50,000 
DM to cover guest visits and travel expenses.  

• As a contributor in a collaboration between institutes from Jülich, Mainz and 
Heidelberg, Dr. Jones received for the years 1996-98 from the MaTech Programme of 
the BMBF funding of in total 1,141,000DM. These funds were used in part to finance 
the positions of Dr. Lichtenstein and Ms Montanari. An extension of this funding will 
be applied for as soon as the next round of applications is announced.  

• Within the framework of the German-Chinese Exchange Programme, funding for a 
month's visit to the Zhejiang University, Hangzhou was made available to Prof. 
Eilenberger.  



• Under the auspices of the German-Hungarian Exchange Programme, Dr. Lustfeld was 
awarded funding during the period 1996-98 for Hungarian guests. The funding 
covered visits up to 100 days annually. Unfortunately, this funding was not extended.  

Oustanding Results (brief reports) 

• The behavior of mesoscopic particles dissolved in a dilute solution of long, flexible, 
and nonadsorbing polymer chains is studied by field-theoretic methods. For spherical 
and cylindrical particles the solvation free energy for immersing a single particle in the 
solution is calculated explicitly. For the effective interactions between a small sphere 
and a wall, between a thin rod and a wall, and between two small spheres quantitative 
results are presented. A systematic approach for studying effective many-body 
interactions is provided.  

• The MD/MF method in conjunction with all-electron DF calculations were applied 
succesfully to a series of molecules. Examples are: a) Calculations for bisphenol-A-
polycarbnate-oligomer crystals. The agreement with the measured structure is very 
good. b) Structural trends and trends in the vibration frequencies of polycarbonate 
molecules and their fragments led to a detailed picture of the energy surface of the 
polycarbonates. c) Cluster calculations showed unexpected geometrie - as is usually 
the case. Work on carbon clusters with 4 - 32 atoms showed structures that were 
previously not anticipated, and gave a satisfying picture of structural changes with 
increasing cluster-size.  

• Optimized structures and energies for several isomers of glyzin and alanin were 
calculated systematically using the LDA and three different gradient corrections. The 
results were compared with those obtained via considerably more expensive Hartree-
Fock calculations. The agreement was generally good except for the isomers where 
intra-molecular hydrogen bonds occur. The use of gradient corrections improved the 
agreement considerably leaving only small deviations (of approximately 40meV in the 
relative energies). Correspondingly, gradient corrections are necessary for a better 
description of hydrogen bonds. In addition, the energy changes accompanying 
torsional changes around bond directions could be determined.  

 
G.Eilenberger  

 

Personnel 1998/99 

a) Staff Members 

Dr. A Bringer Problems of electron correlation and the spectroscopy of 
mesoscopic systems. 

Prof. G. Eilenberger, 
Institute Director Theory of non-linear systems. 

Prof. E. Eisenriegler Geometric effects in complex fluids. 
Mrs. Ch. Hake Secretary 
Dr. J. Harris Practical Applications of computational and informational 



methods to materials research. 
Dr. R. O. Jones Structure and Dynamics of clusters and amorphous and liquid 

systems 
Project: Chemistry-Laboratory Computer 

Dr. A. Liebsch Linear and non-linear response and electronic structure of 
surfaces and adsorbate layers. 

Dr. H. Lustfeld Theory of non-linear systems and its applications. 
Dr. B.N.J. Persson Electronic response at surfaces, atomic friction, adsorbate 

modes, crack propagation. 
Prof. K. Sturm Electronic response; dielectric properties of metals and 

semiconductors. 

  

b) Guests 1998 

  

Dr. P. Ballone (MPIF) Development and Applications of the DF/MD Method. 
Drs. J. Bene, Z. Kaufman 
(German-Hungarian 
Exchange Programme) 

Theory of non-linear systems. 

Prof. K.H. Fischer (retired) Vortices in d-wave and high-Tc superconductors. 
Dr. R. Kaschner (DFG) DF-calculations for peptides. 
Dr. A. Lichtenstein 
(MaTech, BMBF) Simulation methods for complex materials. 

Prof. A. Volokitin 
(GUS, DFG) Adsorbates at surfaces. 

c) Doctoral students 

  

Ms S. Bierman (Uni. Köln) Applications of supersymmetry to the Coulomb problem.
Ms B. Montanari 
(Uni. Köln; graduated) Energy surfaces for polymercomponents. 

 

 

 

 

 















Institute Theory II: Overview. 

The Institute Theory II of the IFF is in a transitional phase. Following a prolonged period of 
interim administration the Institute will acquire a new leader, Dr. G. Gompper (MPI-KG 
Teltow), who will assume the Directorship in March 1999. Dr. Gompper's main research 
interests are in the field of soft matter theory, especially microemulsions. It is therefore to be 
expected that in the future the activities of the Institute will be focussed on these and related 
topics. 

Traditionally, the research activities of Institute Theory II members have been centred on the 
investigation of the structure and dynamics of soft- and solid-matter. These activities have 
contributed to the R&D programmes `Cooperative Phenomena in Condensed Matter' and 
`Polymers, Membranes and Complex Fluids' of the Jülich Research Centre. The work has 
used numerical techniques to a considerable extent, but has also involved analytic methods 
wherever this is practical. 

One major activity in recent years was the investigation of transport and relaxation processes 
of particles in disordered media with and without lattice translational invariance. Energetic 
relaxation processes have been studied in simple hopping models with the aim of elucidating 
the nature of slow dynamical processes that are observed in glass-forming substances. 
Further, motional processes as probed by two-dimensional magnetic resonance are being 
studied in different models of polymer melts. Research into transport and relaxation processes 
of particles in condensed matter will be reduced considerably on the retirement of Prof. K. 
Kehr this summer. 

Another important activity in Theory II is the study of non-equilibrium behaviour of strongly 
interacting many-body systems. Major progress has been made in this field in recent years 
through the development of abstract analytical methods. This progress is documented in the 
habilitation thesis of Dr. G. Schütz, who has made essential contributions to this field. The 
abstract methods developed for these many-body systems enable a variety of applications 
including the treatment of soft-matter. Examples are the relaxation and mobility of long 
entangled polymers under various external conditions eg. in gel electrophoresis. The 
development of lattice-gas models for semi-flexible polymers is planned for the future. 

Biophysical problems are studied by Dr. A. Baumgärtner. He is currently a member of the 
`Modelling Forum' and his research activities are tied to the R&D programme of the Forum. 

A guest group under the scientific leadership of Prof H. Löwen (University of Duesseldorf) 
formed part of the Institute Theory II from November 1995 until December 1998. The work 
of this group focussed on the statistical mechanics of colloidal suspensions and the methods 
employed included liquid-state integral equations and density-functional theory as well as 
computer simulations. Examples for recently investigated problems are i) the stability of 
colloidal quasicrystals ii) the structure of star-polymer solutions and iii) the dynamics of 
confined systems in two- and three-dimensions. In its three years existence, Prof. Löwen's 
group contributed greatly to the activities of Institute Theory II in the field of soft-matter 
during this period of transition. 
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MEMBERS of THEORY II 

  

(a) Staff members 

Baumgärtner, A. Dr. Statistical mechanics of proteins and membranes Member of 
Forum Modellierung  

Kehr, K. Prof.  Diffusion and relaxation in disordered systems Acting head of 
institute 

Paffen, H. Secretary 
Schütz, G. Dr. Reptation models 

(b) Guests 

Denton, A. Dr. Phase transitions in colloids (until June 98) 
Likos, C.N. Dr. Star polymers 
Nemeth, Z. Dr. Colloids in confined geometries 
Popkov, V. Dr. Reptation models (April - May 98; from Sep. 98) 

(c) Graduate students 

Ambaye, H. Frequency-dependent mobility (PhD; Köln) 
Krenzlin, M. Spin relaxation models (PhD; Köln) 
Lin, J.-H. Membrane polymers (PhD; Duisburg) 
Mussawisade, K. Diffusion in disordered structures (PhD; Köln) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



















Institute Theory III: General Overview 

  

The institute Theory III investigates the mechanisms of the formation of structures and their 
consequences in condensed matter. The research starts from electronic properties which 
define the shortest length and time scales, but it keeps the macroscopic consequences in mind. 
The analytical and numerical investigations are in many ways closely connected with 
experimental studies performed in other groups of IFF, but also with activities in other 
institutes of the Research Center Jülich.  

Central points of interest for the research in Theory III are in the field of electronic structure 
of solids (F&E-Nr. 23.20.0). Materials classes under considerations are metals and 
semiconductors specifically with respect to their importance for information technology 
(F&E-Nr. 23.42.0). A second mainstream is formed by cooperative phenomena in condensed 
matter (F&E-Nr. 23.15.0). Questions here aim at dynamics of structure and pattern formation 
and the statistical mechanics of order and disorder processes. Specific activities in the field of 
complex fluids (F&E-Nr. 23.30.0) are concerned with structure and dynamics of soft matter. 
The research of Theory III employs all analytical and numerical techniques applicable to 
many-body problems in condensed matter. In addition the development of new 
methodological concepts and numerical procedures is part of our research interest. The 
development of parallel program code adapted to massively parallel computers has received 
special attention in recent years.  

The explanation of the microstructure and dynamics of real solids requires the understanding 
of the electronic properties. One of the most important methods for the calculation of 
electronic structure of real solids is the density functional theory in connection with 
appropriate numerical procedures. While in recent years bulk properties of metals and 
semiconductors have been a central interest of our research a main concern now is directed 
towards the understanding of surface and interface properties.  

Atoms of 3d-transition metals adsorbed on the 001 surface of iron have been investigated with 
detailed ab-initio studies by KKR-Greenfunction techniques. Different configurations of 
impurities adsorbed at the surfaces have been calculated with respect to direct exchange and 
interaction processes. These first principles results are in good agreement with experimental 
studies by scanning tunneling microscopy for chromium adsorbed on iron surfaces, performed 
by the NIST-group, which gives confidence in the predictive power and numerical accuracy 
of these calculations.  

Macroscopic structures are formed by growth processes. The surface of a growing crystal 
plays a critical role in a solidification process. The study of kinetic properties of surfaces 
starting from the electronic structure of the material requires an enormous amount of 
computing time. For this reason massively parallel computers are appropriate tools for the 
calculation of these phenomena. A parallelized ab-initio computer code combining norm-
conserving pseudo-potential calculations with molecular dynamics simulations for the 
molecular motion has been developed. The materials under consideration are important for 
information technology: semiconductors like silicon, germanium, galliumarsenide, etc.. 
Detailed studies of the speed-up of this computation on vector and parallel computers have 
been performed. The developed computer code will be a sound basis for future investigations 
of adsorption and surface transport of the semiconductor materials.  
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The properties of glasses represent a point of interest since several years. In our previous 
studies the effective interaction between the molecules have been assumed to be of relatively 
short range. In addition to these direct interatomic interactions indirect long range forces 
originating for example from electric or elastic dipols may significantly change the systems 
collective behavior. We therefore have studied a model system with frozen-in disorder where 
the elements of the medium interact with dipolar forces. As a basic result it was found that the 
eigenstates of the corresponding Anderson model develop a multifractal structure. The results 
also give interesting contributions to the theory of large random matrices, where drastic 
differences are found compared to the Wigner-Dyson random matrix theory.  

Ion tracks in glassy materials have been studied also since a few years with remarkable 
success. In the past year a viscoelastic theory has been formulated to capture the various time 
scales in this problem from a unified point of view. The solutions of this viscoelastic field 
equations reproduce all characteristic features of the observed deformation phenomena when 
energetic heavy ions are penetrating into glassy materials.  

Particular long range interactions between atoms or molecules are introduced by the motion of 
the molecules in a flow-field. The investigation of tethered polymers in flow has started about 
two years ago. It has now become possible to include into the calculation the feedback effect 
of all segments of the molecule onto the other segments via the flow. It turned out, that these 
feedback effects are crucial to understand the behavior of large molecules in a hydrodynamic 
environment. This extends the previous linear viscoelastic theory for Non-Newtonian fluids 
towards the incorporation of nonlinear effects. (This interesting field of research will not be 
continued in Theory III since the responsible scientist Prof. W. Zimmermann has accepted a 
professor position at university Saarbrücken.) 

An old problem in the field of order-disorder transitions is the question of pinning and 
depinning of an advancing front over a background of randomly frozen impurities. A 
particularly characteristic example of such a process is the high speed phase transition 
(solidification) of an alloy after laser-induced surface melting. In a combination of analytical 
methods and numerical large scale Monte-Carlo simulations new insights into this problem 
have been gained. A central result is the quantitative confirmation of a scaling hypothesis for 
the dependence of the growth rate upon interaction energies, concentration and strength of 
impurities, temperature and driving force. 

The increasing possibility of realistic calculations of materials properties from first principles 
has again increased the interest in collective properties of solid surfaces. A technologically 
very important and theoretically highly challenging problem is the formation and propagation 
of cracks in solids. A new theory has combined previous concepts on crack formation and 
surface deformations. It was found that cracks will be susceptible to surface instabilities 
which may eventually be responsible for directional instabilities during crack propagation. 

  

H. Müller-Krumbhaar 

  

 

 



STAFF  

THEORIE III 

  

a. Staff members  

Brener, E. Kinetics of phase transformations 23.15.0 
Dederichs, P.H. Electronic properties, interfaces and 

layered systems 23.20.0 

Müller-Krumbhaar, H. Non-linear dynamics of dissipative 
systems, correlated fermions 23.15.0 

Oubenkhir, S. Secretary  

Schober, H. Statics and dynamics of glasses, 
defects and phonons 23.15.0 

Schroeder, K. Electronic and atomic structure of 
defects in semiconductors 23.42.0 

Trinkaus, H. Dissipative structure formation, 
reaction-diffusion problems 23.15.0,23.80.5

Zeller, R. Electronic structure and magnetic 
properties of metals 23.20.0 

b.   
c. Visitors  

Caprion, D. Dynamics of selen-glass 
Dattagupta, S. (IND) Incoherent tunneling 
Korhonen, T. (FIN) Lattice relaxations around defects in metals 
Kudrnovsky, J. (CZ) Interlayer coupling in magnetic layered systems 
Marchenko, V. (GUS) Elastic effects during phase transformations  
Mavropoulos, F. Hyperfine fields on surfaces  
Misbah, C. (F) Solidification processes, non-linear dynamics  
Papanikolaou, N. (GR) Ab-initio calculations of forces and lattice relaxations
Overhof, H. Defects and impurities in semiconductors 
Spettmann, R. Metals on semiconductor surfaces, Schottky-barriers 
Stefanou, N. Adsorption of atoms at surfaces 

d.   
e. PhD and Diploma Students (University = RWTH Aachen)  

Alaga-Bogdanovic, M. Phase field calculations of surface-wetting  
Antons, A. Ab-initio calculations on surface reconstruction 
Bellini, V. (I) Electron structure of magnetic layered systems  
Berger, R. Polar surfaces of III-V-semiconductors  



Feng, X. Structure formation under fluctuations 
Gutheim, F. Cluster growth on surfaces 
Hartmann, M. Collective effects of cracks and dislocations 
Höhler, H. Defects in semiconductors 
Kienle, D. Transport coefficients in polymer solutions 
Kluge, M. Binary metallic glasses  
Kromen, Wi. Point defects and interfaces in Nitride-semiconductors
Nonas, B. Fully relativistic band structure methods 
Rzehak, R. Polymer dynamics and hydrodynamic flow 
Settels, A. Electronic structure of point defects in semiconductors
Spatschek, R. Collective effects of cracks in solids 
Temkin, D. (GUS) Impurity effects during solidification  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

































Institute for Scattering Methods: General Overview 

  

Modern solid state physics goes far beyond a phenomenological description and bases the 
understanding of solid state properties and phenomena on atomistic theories. To obtain 
information about the atomic structure of solids, probes with sub-nanometer spatial resolution 
are needed. To study the excitation spectra, an appropriate energy resolution is necessary in 
addition. All these requirements can be met by scattering methods. In this sense, scattering 
methods provide the basis of our present understanding of the structure, excitations and phase 
transitions of condensed matter on a microscopic level.  

At the Institute for Scattering Methods (ISM), synchrotron x-ray scattering and neutron 
scattering are employed for the investigation of condensed matter on an atomistic microscopic 
level. The emphasis lies on exploiting fully the complementarity of the two probes. Besides 
the application of scattering methods to solid state problems, major activities are concentrated 
on the methodology. This includes the further development of experimental techniques by 
improving instrument components and data treatment algorithms, the development of new 
experimental methods and the corresponding instruments and the development, construction 
and operation of scattering instruments at large-scale facilities. At present, ISM operates five 
instruments at the research reactor DIDO of the Research Center Jülich and two instruments 
at the Hamburger Synchrotronstrahlungslabor HASYLAB. These instruments are open for the 
use by external groups from universities, research centers and industry. The instrument 
responsibles from ISM provide scientific and technical support during the experiment and the 
data processing. ISM is open for all research areas in condensed matter science, where 
scattering methods can be applied. At present, the research activities are concentrated in three 
fields: solid state magnetism, structural disorder in alloys, quasi-crystals and high Tc 
superconductors and electrocatalytic processes. For the purpose of this research, ISM is also 
engaged in sample preparation (e.g. by molecular beam epitaxy) and characterisation (e.g. AC 
and DC susceptibility and magnetisation measurements).  

In the field of instrument development, the main activities in 1998 were:  

1. Design and construction of a high energy side station at an undulator line of the 
Advanced Photon Source (APS) at Argonne National Laboratory, USA. This work is 
done in close collaboration with the Midwest Universities Collaborative Access Team 
(µCAT) at APS.  

2. Development of a nuclear spin polarised 3He-filter for the purpose of neutron 
polarisation analysis. In 1998, the activities were focussed on the design of the 3He 
polarisation station.  

3. Design and construction of a new type of small-angle scattering instrument, which 
employs focussing mirror optics.  

4. Equipment of the diffuse neutron scattering machine DNS at the DIDO-reactor with 
supermirrors for neutron polarisation analysis. A progress report on this project can be 
found in the following pages.  

5. Optimisation of the reflectometer HADAS at the DIDO-reactor for experiments on 
small magnetic thin-film samples and studies for the implementation of a polarisation 
analysis option.  

6. Development of optimised target and moderators for the European Spallation Neutron 
Source.  
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Method development was done for high energy magnetic x-ray scattering in the energy range 
above 100 keV, for resonant exchange scattering from ferro- and antiferromagnets for 
inelastic x-ray scattering, anomalous small-angle x-ray scattering, characterisation of thin-film 
devices by means of combined neutron-, x-ray reflectivity- and diffuse scattering 
measurements and neutron polarisation analysis.  

In the field of solid state magnetism, we addressed the following topics:  

1. Determination of the frustration mechanism in disordered system with competing 
interaction by determining elementspecific spin pair correlations.  

2. Investigation of the critical behaviour at magnetic phase transitions for frustrated and 
disordered systems and systems with higher order exchange interactions.  

3. Investigation of the effect of fourth order exchange interaction on magnetic structure, 
phase transitions and low temperature magnetisation.  

4. Optimisation of the growth conditions for magnetic multilayer systems by determining 
the interface morphologies with combined neutron and x-ray scattering experiments.  

Examples for the work done at ISM this year are given by the progress reports on the 
following pages.  

  

Thomas Brückel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Scientists 

Dr. Berthold Alefeld Development of neutron scattering methods; instrument 
responsible for lattice parameter instrument LAP; construction 
and development of the small angle scattering machine KWS 
III 

Prof. Dr. Thomas Brückel Institute director; neutron and synchrotron x-ray scattering; 
magnetism 

Dr. Harald Conrad European Spallation Source ESS project: target and 
moderators  

Dr. Günther Goerigk 

- HASYLAB, Hamburg -  

Material research with anomalous x-ray small angle scattering; 
instrument responsible for Juelich's user-dedicated small-angle 
scattering facility JUSIFA 

Dr. Heinz-Günter Haubold Anomalous small angle x-ray scattering ASAXS and x-ray 
absorption spectroscopy from highly dispersive systems; in-
situ studies of catalysed electro-chemical processes 

Dr. Ulrich Köbler Magnetisation and neutron diffraction studies of materials with 
fourth-order exchange interactions 

Dr. Achim Kollmar 

- deceased 09.03.1998 - 

Development and operation of the spin echo spectrometer IN 
15 at ILL 

Dr. Albert Metz 

- HMI, Berlin, until 30.9.98 - 

Heavy fermion systems 

Dr. Robert Mueller Development of the 3He filter for neutron polarisation analysis 

Dr. Werner Schweika Diffuse neutron scattering for the investigation of short-range 
order in alloys, oxides, perovskites and quasi-crystals; 
instrument responsible for the diffuse neutron scattering 
instrument DNS 

  

Guest Scientists 

Dipl.-Phys. Carla Byloos Shock waves in the ESS spallation target 

Dr. Emmanuel Kentzinger Neutron and synchrotron x-ray scattering from magnetic thin 
film materials 

Dr. Thomas Zeiske 

- since 16.09.1998 - 

Instrument responsible of the triple axis spectrometer SV 4; 
SV 4 upgrade and polarisation analysis option 

  

 



Post-Doctorates 

Dr. Wolfgang Caliebe 

- HASYLAB, Hamburg - 

Magnetic x-ray scattering and x-ray spectroscopy; instrument 
responsible of the Wiggler beamline W1 

Dr. Klaus-Dieter Göcking 

- until 30.09.1998 - 

Development of neutron optical techniques for the small angle 
scattering machine KWS III 

Dr. Thomas Reif 

- since 01.09.1998 -  

Second instrument responsible for SV 4; magnetic x-ray and 
neutron scattering  

Dr. Ulrich Rücker 

- since 01.02.1998 - 

Instrument responsible for the neutron reflectometer HADAS; 
preparation and characterisation of magnetic thin film systems 

Dr. Thomas Vad 

- since 01.09.1998 - 

Further development of the instrument control and data treatment 
programs for Juelich's user-dedicated small-angle scattering 
facility (JUSIFA); ASAXS measurements 

  

Engineers and Technicians 

Wolfgang Bergs 

- since 15.06.1998 - 

Reflectometer HADAS 

Arnold Broch Diffuse neutron scattering instrument DNS 

Ludwig Dohmen Project engineer for the small angle scattering instrument 
KWS III 

Udo Engelbrecht 

- until 30.04.1998 - 

General purpose cold neutron beam EKN 

Dipl.-Ing. Peter Hiller Project engineer for the µCAT-collaboration at the Advanced 
Photon Source APS; x-ray small angle scattering 

Christel Horriar-Esser Ultra low-temperature magnetometry and 3He filter project 

Markus Hülsbeck 

- 17.06.1998 - 31.12.1998 - 

Small angle scattering instrument KWS III 

Bernd Huy 

- until 07.05.1998 - 

Triple axis spectrometer SV 4 

Heinrich Jungbluth Software development for x-ray small angle scattering 

Dipl.-Ing. Günther Kluck Project engineer for the polarised thermal neutron scattering 
instrument 

Barbara Köppchen Secretary 



Karl Kutzbach Neutron reflectometer 

Bodo Olefs Magnetometry 

Jens Rademacher 

- since 09.1998 - 

Trainee 

Berthold Schmitz 

- since 01.04.1998 - 

Triple axis spectrometer SV 4 

Fred Werges Cryotechniques and molecular beam epitaxy 

Elmar Westphal 

- 01.09.1998 - 31.12.1998 - 

Software development for x-ray small angle scattering 

  

PhD Thesis Student 

Dipl.-Phys. Eberhard 
Kümmerle 

- until 30.09.1998 - 

Structural investigations on proton conductors 

  

Diploma Thesis Student 

Ralf Goldstein 

- Univ. Hannover, since 
10.08.1998 - 

Spin lattice relaxation with -NMR 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





























Institute for neutron scattering: General overview 

In 1998 the research reactor FRJ-2 was delivering neutrons for 151 days. Altogether 191 
experiments were performed at the different neutron scattering instruments. 143 or 75% of 
them with external participation. These numbers include experiments performed within the 
Institute for Scattering Techniques, the Institute for Neutron Scattering (INS) and the different 
external Collaborating Research Groups. The external users came from 53 different 
institutions. Fig.1 displays the distribution of the external users with respect to their origin. As 
may be seen, the FRJ-2 attracted large interest not only in the national but also in the 
international community. At this point I like to thank in particular the reactors operation 
department for the very good cooperation between users and operators.  

 

In 1998 a neutron laboratory course was hold for the second time. This course comprised 20 
hours of lectures and one week of practical experiments at seven different neutron 
instruments. Among the more than 100 applicants from different Universities in Germany and 
beyond 35 participants were accepted. The neutron laboratory course was very well received 
by the students. In 1999 a third course is foreseen.  

  

Neutron instrumentation FE 23.89.1 

In 1998 the construction of the new thermal time of flight instrument was completed. First test 
experiments revealed a high thermal flux 2 × 108 integral at sample position from this number 
a pulsed intensity of about 2 × 105 n/cm2s may be estimated. Unfortunately, due to 
manufacturing problems of the very delicate high speed background chopper, some delays in 
the commissioning of the instrument occurred. 

With respect to this chopper, we like to acknowledge the cooperation with the IGV within the 
Forschungszentrum - provision of the magnetic bearings - and the jet engine manufacturer 
MTU - manufacturing of the chopper.  

The double crystal diffractometer was furnished with new channel cut perfect silicon crystals 
which improved the resolution characteristics of this instrument significantly. In particular the 
broad wings of the resolution function are now strongly reduced. Finally, in 1998 we 
commenced with design studies for a new back scattering instrument at the Munich reactor 
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FRM-II, which is supported by the federal government. In particular the properties of the 
phase space transformation by a fast turning wheel was studied in detail (report Kirstein).  

In 1999 the main activities will be concentrated on the construction of the back scattering 
instrument mentioned above. We will participate in the development of neutron time of flight 
spin echo, where we develop broad band flippers and are actively engaged in the test 
experiments at the instrument IN15 in Grenoble. Furthermore, it is planned to consider also 
the zero field NSE technique as a complementary way to perform NSE experiments.  

  

Polymers, membranes and complex fluids (FE 23.30.0) 

The research activities within the INS are focussed in the field of polymer physics and 
complex fluids. In order to be successful here, a close cooperation between polymer synthesis 
which by itself is an object of research, and physics investigation is necessary. In the 
following I discuss the different main topics. 

  

Polymers synthesis 

In 1998 the synthesis of branched polymers and blockcopolymers were the backbone of the 
activity. Star polymers of different functionalities and very high molecular weight were 
prepared as well as H-shaped polymers which are important in the frame of a European Brite-
Euram project for polymer processing. In order to investigate aspects of the reptation model, 
high molecular weight PVCH polymers were synthesized MW > 106. In order to deepen our 
understanding of mixed polymer and surfactant systems, for the first time an organic synthesis 
of fully deuterated nonionic surfactants was accomplished in our laboratory. In addition quite 
a large number of homopolymers or simple diblockcopolymer were synthesized. Finally I 
would like to emphasize the collaboration between the Institute for Biotechnology and the 
polymer laboratory on the development of organic cathalysts which are fixed at a polymer 
backbone.  

For 1999 it is foreseen to synthesize in particular H-shaped and comb like polymers for the 
BRITE-EURAM project. In addition further amphiphilic polymers and star polymers are on 
the agenda.  

Finally experiments on the living polymerization with SANS are going to be extended to in 
situ experiments of the polymerization kinetics and the associated aggregation states. 

Polymer dynamics 

The core activity of the institutes relates to dynamical properties of soft condensed matter 
systems. Thereby we cover dynamical features from the large scale motions of long chains in 
the melt to the local relaxation processes and the soft vibrational properties. Starting from the 
high frequency side, X-ray and neutron Brillouin scattering experiments were performed on 
polybutadiene melts. From a direct comparison of the results it is clear that above 1.5 meV 
energy transfer the X-rays are superior. Below this energy the better resolution of neutron 
experiments favors neutron scattering. 



In this low energy transfer regime new dynamical features were observed, which are 
proportional to the density of states and visible down to a momentum transfer of 0.1Å-1.  

In the regime of the α-relaxation Q-dependent incoherent neutron scattering experiments 
addressed the question whether this process is heterogeneous. The neutron results favor a 
homogeneous nature of the α-relaxation at least in the temperature range, where neutrons can 
resolve the relaxations. On the results from neutron scattering experiments on the glass 
transition under confined geometry we report separately (report Zorn). In order to increase our 
experimental portefeuille, a laboratory for dielectric spectroscopy was implemented, which 
will allow complementary experiments with a large dynamic range.  

On polyisobutylene the dynamic response was studied over two orders of magnitude in 
momentum transfer covering all processes from translational diffusion, the Rouse modes, the 
intrachain viscosity, the α-relaxation, to local relaxation processes. Thereby the single chain 
response was successfully related to the collective dynamics (report Arbe). 

Exploiting the possibilities of IN15, the large scale motions of long chain polymer melts was 
systematically investigated varying the chain molecular weight. Furthermore, studies were 
undertaken, where labeled sections were placed at different positions along the chain. Over all 
a very good agreement with the reptation model is found - actually no other formulated theory 
is able to explain the data. Furthermore, apparently contour length fluctuation processes are 
directly visible in the dynamic response. Large scale motion was also investigated on 
diblockcopolymers around the order disorder transition to the lamellar phase. Thereby the 
different aspects of the dynamic response were fully studied in using different chain contrasts.  

The experimental results were compared with the most advanced dynamical random phase 
approximation theory. Severe deviations were found with respect to the predicted collective 
response. The experiments reveal strong indications for the importance of surface excitations 
in the dynamic response of the microphase separated domains. 

In 1999 most of these activities are going to be continued. New emphasis will be placed on 
the study of dynamic form factors in the high frequency regime, where the new time of flight 
instrument SV29 will be very helpful. This instrument will also allow to address again the 
question of the dynamical heterogeneity. Furthermore, the dynamics of polymer containing 
microemulsions will be addressed.  

  

Association, Aggregation and structure formation in polymer solutions 

Aside of the dynamic experiments this field is another stronghold of the activities within the 
institute. The most important discovery of 1998 was the realization that small additions of 
amphiphilic polymers to microemulsions increase the emulsification properties significantly. 
This feature was documented in terms of phase diagrams. Neutron small angle scattering 
experiments on the structure of polymer containing microemulsions and the confirmations of 
the polymers within these systems were just started (report Willner).  

The micellarization properties of blockcopolymers were investigated on the amphiphilic 
systems as well as on polymers with architecture. I would like to mention particularly new 
experiments on the exchange kinetics of unimers between polymer micelles, which can be 
uniquely accessed by contrast variation in small angle neutron scattering. 



In this frame also the aggregation behavior of carbo hydride copolymers, which are used as 
fuel additives should be mentioned. Polymers of only two blocks of polyethylene and 
polyethylenepropylene aggregate into platelet shaped micelles, which act as nucleation 
centers for wax crystals in diesel fuel and suppress the cold filter plugging point. In 1998 we 
studied random copolymers of these two components, which aggregate to form loose 
networks with a large number of crystalline connecting points. Unexpectedly we found a 
characteristic mesoscopic length scale in these structures which indicates some order in the 
chaos.  

In 1999 the study of the amphiphilic blockcopolymers both with respect to the micellarization 
behavior as well as concerning their action in microemulsions will be continued.  

Furthermore, the structure formation in mixed star polymer and colloidal systems is on the 
agenda. In addition the conformation of systematically structurally modified branched nylon 
molecules will be studied.  

  

Phase transitions in polymer melts 

In this field in particular ternary systems of two homopolymers and a compatibility providing 
diblockcopolymer were undertaken. The phase transitions and the phase diagrams in such 
systems were explored; of particular interest is a composition range were complete 
compatibility in a homogeneous phase is observed (report Schwahn). 

  

Branched polymers and polymer networks 

After having identified the effect of topological constraints on rubber elasticity, the focus of 
the ongoing research is the effect of filler particles in rubbers. Here experiments on SiO2 
fillers are undertaken and a systematic characterization of the systems is performed.  

This concerns both, the surface properties of the SiO2 filler as well as the exploration of 
different cross linkers. Aside of the work on rubbers SANS experiments on the deformation of 
branched polymers under external stress are performed.  

These experiments are connected to rheological studies and aim on an exploration of how the 
non linear viscosity can be influenced by specific branching, in order to improve polymer 
processing conditions.  

Further research activities. 

Aside of the polymer research, three other topics are investigated by neutron scattering.  

1. Dynamics of microemulsion: With the investigation of mixed polymer microemulsion 
systems this field is now conncected to the polymer research.  

2. Tunneling phenomena and molecular crystals (see report M. Prager)  
3. Dynamics of small molecules in porous media. In 1998 the dynamics of ethane 

propane and benzene in MCM 41, a micro crystalline material with tubes of 5 nm size, 
were studied. Both translational diffusion as well as reorientational motion were 



identified. The main conclusion of these experiments is that the molecules adsorbed at 
the channel walls have a mobility similar to the liquid phase. These experiments are 
accompanied by computer simulations which are performed by the collaborating 
chemical institutes  

  

Dieter Richter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



The Institute for Neutron Scattering - Coworkers and area of activity 

Scientific Staff  

Dr. J. Allgaier Polymer synthesis 23.300
Prof. U. Buchenau Dynamics of glassforming materials 23.300
Dr. H. Grimm Molecular crystals, oriented macromolecules. 

Responsable: Backscattering spectrometer BSS1 23.300

Dr. M. Monkenbusch Dynamics of polymers and complex liquids 
Responsable: Spinecho Spectrometer NSE  23.300

Dr. M. Prager Rotational tunneling 
Responsable: Thermal time of flight spectrometer SV29 23.150

Dr. W. Pyckhout-
Hintzen Polymer networks; branched polymers 23.300

Prof. Dr. D. Richter Structure and dynamics of polymers, glass transition, complex 
liquids 23.300

Dr. D. Schwahn Phase transitions in polymer systems 
Responsable: Small angle neutron scattering KWS1 and double 
crystal diffractometer DKD 

23.300

Dr. R. Stockmeyer Dynamics of adsorbed molecules, diffusion in porous media 
Responsable: Cold time of flight spectrometer SV5 23.150

Dr. L. Willner Polymer synthesis, polymer micelles 23.300

  

  

Technical Staff  

U. Bünten Technician at SV29 23.891
Ms. M. Hintzen Technician in the polymer laboratory 23.300
Dipl.-Ing. M. Heiderich Engineer responsable for the KWS1 and DKD instruments 23.891
M. Jungen Technician at SV5 23.891
Dipl.-Ing. T. Kozielewski Engineer backscattering spectrometer FRM-II 23.891
P. Pickartz Instrument electronics 23.891
Ms. U. Sausen-Malka Electronics laboratory 23.891
Dipl.-Ing. R. Schätzler Engineer responsable for the NSE and BSS1 spectrometer 23.891
K. Schönknecht Technician at BSS1 and NSE 23.891
Dipl.-Ing. G. Vehres Electronics engineer, head of electronics laboratory 23.891
Ms. M.-L. Schüsseler Secretary  

Ms. S. Oubenkhir  Secretary  

  

  



Other Scientific Coworkers 

Dr. M. Heinrich Polymer processing, influence of branched polymers 23.300
Dr. St. Kahle Dielectric spectroscopy, relaxations in complex polymer systems 23.300
Dr. N. Karibiants Lightscattering, microemulsions, polymer micelles 23.300
Dr. O. Kirstein Project scientist for backscattering instrument at FRM II 23.891
Dr. W. Leube Micellarisation and gelation of partially crystallizable polymers 23.300
Dr. J. Sänger Synthesis of branched polymers 23.300
Dr. W. Schmidt Instrument responsable IN12 at the ILL 23.891
Dr. J. Stellbrink Star polymers and living polymerization 23.300
Dr. A. 
Wischnewski 

Instrument development pulsed spin echo, topological constraints 
in polymer melts 23.891

Dr. habil. R. Zorn Rubbery electrolytes, glasstransition 23.300

  

  

  

Thesis Students 

Dipl.-Chem.B. 
Abbas 

(Univ. Münster) Critical concentration fluctuation; in block-
copolymer melts 23.300

Dipl.-Phys. A. Botti (Univ. Münster) Microscopic deformation in polymer networks 23.300

M.Sc.H. Endo (Univ. Münster) The role of amphiphilic polymers in the 
emulsification properties of microemulsions 23.300

Dipl.-Chem. H. 
Frielinghaus 

(TH Aachen) Investigations of critical fluctuations in polymer 
blends under pressure 23.300

M.Sc. M. Goad (Univ. Münster) Dynamic modulus and entanglement formation 
in polymer melts of polymer blends 23.300

Dipl.-Phys. S. 
Hoffmann (Univ. Münster) Dynamics of polymer blends 23.300

Dipl.-Ing. H. Kaya (Univ. Münster) Micellarisation of amphiphilic polymers 23.300
Dipl.-Chem. M. 
Kreitschmann 

(Univ. Münster) Influence of polymer architecture on the 
aggregation properties of PI-PS blockcopolymers 23.300

Dipl.-Ing. M. 
Mihailescu 

(Univ. Münster) Dynamic of microemulsions - influence of 
amphiphilic polymers 23.300

Dipl.-Chem. A. 
Poppe 

(Univ. Münster):Micellarisation and exchange kintetics of PEO-
PEP diblockcopolymers in selective solvents 23.300

Dipl.-Phys. A. 
Westermann 

(Univ. Münster) Influence of topological interactions and fillers 
on the chain deformation in polymer networks 23.300

  

  



Guests 

Dr. A. Arbe (Univ. of the Baskenland San Sebastian, Spain ) Primary and secondary 
relaxations in polymer glasses  23.300

Prof. J. 
Colmenero 

(Univ. of the Baskenland San Sebastian, Spain) α − β relaxations in 
polymers 23.300

Dr. L.-J. 
Fetters 

(Exxon Annandale) Living polymerisation with small angle neutron 
scattering 23.300

Dr. H. 
Montes 

(ESPCI Paris) Dynamics of concentration fluctuations and single chains 
in diblockcopolymers  23.300

Dr. A. 
Rupprecht 

(Univ. Stockholm) Setup and commissioning of a spin apparatus for 
DNA 23.300

Dr. A. 
Sokolov (Univ. Mainz) Dynamics around the glass transition and of biopolymers 23.300

Prof. E. 
Straube 

(Univ. of Halle) Influence of topological constraints on the microscopic 
deformation in polymer networks 23.300

Dr. S. 
Borbely 

(Research Institute for Solid State Physics and Optics, Budapest) 
Experiments on the spinodal decomposition of polymer blends by the 
neutron double crystal diffractometer 

23.300

M.Sc. K. 
Marton 

(Univ. of Miskolc, Ungarn) Aggregation behaviour of partially 
crystalline polymer 23.300

Dr. S. 
Koizumi (JAERI Tokai) Heterogeneity in polymer glasses 23.300

  

Trainees 

J. Thelen 
S. Thoma 
R. Stollenwerk 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 































Institute Materials Development: General Overview 

  

The Institute of Materials Development participates in three Research and Development 
programs of the research centre:  

• GaAs- GaAs defect physics and crystal growth research ("fundamental research for 
the information technology" program)  

• Crystal growth research and sample preparation of intermetallic systems, quasi-
crystals and other multicomponent systems ("materials science" program)  

• Research on perovskites with high hydrogen solubility and mobility ("high 
temperature proton conducting materials for fuel cells" program)  

High quality research samples are prepared in four service groups: 

• Crystal growth, sample preparation and characterisation laboratory (6 staff members). 
Intermetallic compound crystals (Ni3Al), rare earth chalcogenide crystals (EuO), and 
large Bi-crystals are three examples of current activities.  

• Thin film laboratory (1 staff member, UHV-thin film preparation by sputtering and 
evaporation methods). Equipment and know-how will be transfered to the new 
institute of electro-ceramics.  

• Thermoanalysis laboratory (1 staff member)  

Two important research projects are funded by external research grants:  

• GaAs-crystal growth, defect-physics and process chemistry research and development 
of Tammann/Bridgman-type crystal growth methods for growing large high-quality 
GaAs-crystals. Industrial technology transfer is based on a contract with the german 
GaAs production company (see report by Sonnenberg).  

• Growth of quasi-crystals for the german quasi-crystal research community. The 
successful growth methods by the Czochralski and Tammann/Bridgman-technique 
have been extended to new flux growth methods with large development potential 
which will improve crystal output rate and crystal quality.  

In collaboration with the Institut für Kristallzüchtung in Berlin-Adlershof materials and 
methods for growthing SiC crystals by gas phase transport have been tested. This expertise 
has also been used for hydrogen cleaning of SiC wafers for thin film deposition in the 
Institute of Thin-film and Ion Technology of the Juelich Research  
Center (Fattah). 

Testing of the GaAs Hot-Wall Czochralski industrial prototype unit (Leybold-IGV-project) 
has been frequently interrupted by repeated equipment failure due to unreliable components. 
In principle, this technology would still be interesting for GaAs crystal growth research 
although its industrial use is hampered by complexity, unreliability and high costs. On the 
contrary, our Tammann/Bridgman GaAs technology is now well advanced and has 
demonstrated its superiority for the industrial production of large and high-quality crystals 
since it is simple, reliable and economical.  



Thermodynamic modelling has been used as an important part of the crystal growth research 
activities. Model and data collections have been developed in cooperation with the Institut für 
Theoretische Hüttenkunde, RWTH Aachen, and the company Gesellschaft für Thermophysik 
und Thermochemie in Herzogenrath for the systems Ga-As-B-Si-C-O-H, Si-C-H-O and 
electro-ceramic materials including charged sublattice defect species together with electronic 
charge carriers. The results are available in the form of graphical phase diagrams which 
provide information for those not interested in the thermodynamic details. Thermodynamic 
properties of selected systems have been measured in collaboration with the Institut für 
Gesteinshüttenkunde, RWTH Aachen, the Institut für Kristallzüchtung in Berlin and the 
Bergakademie Freiberg. 

  

The following reports by the leading scientists of the institute provide more detailed insight 
into selected research results of the year 1998.  

  

H. Wenzl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Staff members of the institute of materials development 1998 

Prof. Dr. H. Wenzl 

  

Scientists: 

Dr. J. Hauck Chemistry, crystallography, crystal structure systematics, especially 
in view of oxides and hydrides (Materials-oriented solid state 
research) 

23.55.0

Prof. Dr. T. 
Schober Proton-conducting perovskites 23.90.0

Dr. K. 
Sonnenberg 

GaAs-crystal growth research, advanced, industrially-oriented crystal 
growth systems (Fundamental research for the information 
technology) 

23.42.0

Dr. M. Noack GaAs crystal growth project (Fundamental research for the 
information technology) 23.42.0

  

Research engineers and technicians: 

Dipl.-Ing. M. Beyß Quasi-crystals, intermetallic compounds, alloys (Materials-
oriented solid state research) 23.55.0

Dipl.-Ing. A. Fattah Crystal growth, GaAs Hot-Wall Czochralski project, 
intermetallic compounds, SiC (Materials-oriented solid  
state research) 

23.55.0

Dipl.-Ing. K. 
Fischer 

Crystal growth, bismuth, rare earth chacogenides, oxides 
(Materials-oriented solid state research) 23.55.0

Dipl.-Ing. K. 
Bickmann 

Cristallography, thermo-analysis (Materials-oriented solid state 
research) 23.55.0

Dipl.-Ing. J. 
Friedrich Metallography, electron microscopy, oxides  23.90.0

Dipl.-Ing. 
D. Triefenbach Sample preparation of electro-ceramic materials  23.90.0

Dipl.-Ing. E. Küssel GaAs-crystal growth projects (Fundamental research for the 
information technology) 23.42.0

H. Gier GaAs crystal growth projects, cold crucible development 
(Fundamental research for the information technology) 23.42.0

Frau K. Sellinghoff Semiconductor chemistry laboratory, sample preparation 
(Fundamental research for the information technology) 23.42.0

Frau R. Fischer X-ray crystallography and crystal orientation (Materials-oriented 
solid state research)23.55.0  

Frau E. Würtz Metallography, electron microscopy (Materials-oriented solid 
state research) 23.90.0

 















Institute of Electroceramic Materials 

  

The research areas of the institute comprise (1) technologies for the integration of 
electroceramic materials into microelectronics and microsystems, (2) dielectric and 
ferroelectric properties of oxide ceramics, and (3) the defect structure in the vicinity of 
internal and external interfaces in oxides. These areas are complementary to the research areas 
of the Institute for Materials in Electronics 2 (IWE 2) at the Aachen Technical University 
(RWTH). Project groups often comprise staff members and students from both institutes. 

Research within the area of integration technologies is focussed on the fundamental 
understanding of dry processes. The deposition of oxide thin films is performed by means of 
MOCVD (MOCVD = Metal Organic Chemical Vapor Deposition) systems. In cooperation 
with AIXTRON AG, a multiwafer planetary reactor is used for the development and 
optimization of modified (Ba,Sr)TiO3 films as part of an ESPRIT project. In addition, a 
horizontal MOCVD reactor has been built for the deposition of new material systems and for 
the development of alternative vaporizer systems. For the patterning of the ceramic films and 
electrode / ceramic film stacks, Reactive Ion Beam Etching (RIBE) and Reactive Ion Etching 
(RIE) techniques will be employed. In contrast to the situation in the standard Si and 
compound semiconductor technologies, dry etching processes of oxide ceramics have hardly 
been investigated as yet and, hence, represent a research area in which basic studies and 
industrially funded applied research can be linked in a beneficial manner. The integration 
processes are complemented by metallization methods based on electron beam and sputter 
techniques. Within this area, our studies aim at a better understanding of the processes and 
material parameters which govern the adhesion, the mechanical stress, and the microstructure. 
The complementary methods at RWTH Aachen are solution-based deposition (CSD = 
Chemical Solution Deposition) and etch techniques with topics more strongly concentrated on 
the design and fabrication of integrated devices.  

The second research area focuses on the dielectric and ferroelectric properties of oxide thin 
films and bulk materials, which are being investigated in Jülich as well as in Aachen. The 
material systems are based on compositions used for practical devices and model systems, e.g. 
SrTiO3, BaTiO3, SrBi2Ta2O9, Pb(Zr,Ti)O3 and (Ba1-xPbx)TiO3. One of the research topics is 
the microscopic understanding of ferroelectric hysteresis including new approaches for the 
separation of reversible and irreversible contributions to polarisation based on the analysis of 
frequency-dependent small and large signals. These studies are linked to the aging (imprint) 
phenomenon, i.e. the polarisation-dependent shift of the hysteresis curve with time and to the 
ferroelectric fatigue process, i. e. the reduction of the remanent polarisation by cycling. Both 
aging and fatigue processes play an important role in the operation of the novel non-volatile 
memories (Ferroelectric Random Access Memories, FeRAM). Up to now, they are only 
partially understood. In cooperation with external research groups, single domain processes in 
ferroelectric thin films are studied by means of scanning probe techniques. In addition, scaling 
effects (grain size effects in ceramics, thickness effects in films) on the transition from the 
ferroelectric to the superparaelectric state are investigated. 

Impedance spectroscopy in the lower GHz regime is employed to determine the relaxation of 
the ferroelectric domain wall motion and to separate this contribution from the contribution of 
the crystal lattice. By varying the microstructure of the ceramics and by comparison between 
bulk ceramics and thin films, the model of Arlt will be extended with respect to the impact on 
2D constraints imposed by mechanical stress due to the presence of substrates. For dielectric 

http://www.fz-juelich.de/zb/urn/urn_iff_sr/www.fz-juelich.de/iff/Institute/iec/index.html


ceramics, impedance spectroscopy is used to elucidate the interrelation of extrinsic losses and 
lattice defects. This activity includes the development and characterization of new microwave 
ceramics and is embedded into a cooperation with the Institute for Microstructural Research 
(Urban) and Norbert Klein’s group within the framework of a BMBF-Leitprojekt (leading 
project for the Federal Ministry of Education, Science, Research and Technology (BMBF).  

In the case of ferroelectric materials, existing theories will be further developed and extended 
towards a more quantitative description of the dielectric, piezoelectric, and elastic properties. 
Numerical finite-element-methods are used to describe the mutually coupled mechanical, 
thermal, and electrical properties of ceramic components such as multilayer capacitors and 
actuators. In a new activity, these methods will be extended to piezoelectric microactuators 
which will be designed and fabricated in cooperation with Prof. Mokwa’s group at Aachen. 

The third research area comprises the lattice disorder in the vicinity of internal interfaces 
(grain boundaries) and external interfaces (surfaces and electrode interfaces) and their impact 
on electronic and ionic charge transport. In the case of acceptor and donor doped titanate 
ceramics, the studies are focused on the formation of space charge depletion layers at grain 
boundaries as well as the related potential barriers and the transport of charge carriers along 
and across the grain boundary barrier. A hot-pressing technology has been developed to 
decorate the grain boundary area with additional dopants and to study the influence of these 
artifical grain boundary states. In some material systems, such as titanate-zirconate solid 
solutions, it is necessary to determine the equilibrium constants of the defect reactions and the 
diffusion constants of the system in order to create the basis for the research on interfaces. In 
this respect, the comparison of bulk ceramics and thin films of the same composition is of 
vital interest. In thin film systems, the significant influence of the electrode metals, the 
unexpectedly high stability under conditions of dc-voltage-induced resistance degradation, as 
well as the tolerance of the lattice concerning the incorporation of non-stoichiometries 
represent current research topics. 

Continuing the cooperation with the Research Center’s fuel cell project of the Research 
Center, proton-conducting ceramics are studied with respect to their suitability for solid oxide 
fuel cells (SOFCs). In addition, a new activity on thin film oxide conductors has been started 
as a part of a national priority program by the German Research Association (DFG). 

Research on electronically conducting perovskites can be divided into studies on 
semiconducting and on metallically conducting oxides. In semiconducting, donor-doped 
SrTiO3, the emphasis is placed on the interrelationship between point defects and extended 
defects involved in oxidation and reduction processes using single crystals and ceramics. The 
metallically conducting manganates and cobaltates are investigated with respect to their 
magnetoresistive and ferromagnetic properties. By comparing epitaxial and polycrystalline 
thin films, the influence of the grain boundaries on charge transport and magnetic properties is 
studied. 

  

Rainer Waser 

 

 



Institute for Electroceramic Materials 

Head: Prof. Dr.-Ing. Rainer Waser 

Secretariat: Maria Garcia 

Tel. (02461) 61 5811; Fax: (02461) 61 8209 

e-mail: r. waser@fz-juelich.de/m.garcia@fz-juelich.de 

  

SCIENTISTS: 

  

Arons, R.R.:  Structure of magnetoresistive and ferroelectric oxides; charge transport in 
proton conductors 

Bohn; H.G.:  Mechanical and dielectric relaxation in solids. Impedance spectroscopy. Defect 
chemistry. Electrochemical characterization of ceramic conductors. 

Ehrhart, P.:  MOCVD methods for electroceramical thin films; X-ray diffraction and optical 
spectroscopy. 

Hoffmann, 
S.:  

High-permittivity electroceramic thin films: MOCVD, dielectric properties, 
charge transport, defect chemistry 

Kohlstedt, 
H.H.:  

Reactive ion beam etching of ceramic and metallic materials, superconducting 
and magnetic multilayers 

Krasser, W.:  Optical excitation-processes in electroceramic materials;light-annealing 
processes 

Meuffels, P.:  Processing of electroceramic materials; defect chemistry of electroceramic 
materials 

Otterstedt, 
R.:  

Development of microwave ceramics; dielectric characterization; extrinsic 
losses in microwave ceramics 

Schroeder, 
H.:  

Technology and properties of (metal) electrodes of electroceramic thin films; 
mechanical properties and electromigration in thin films and interconnects. 

Waser, R.:  Electronic ceramics and integration of ceramic thin films 

   

TECHNICAL ENGINEERS:  

  Bierfeld, H.:  Ceramic technology and sputtering techniques  
Dedek, U.:  Electrical characterization of electronic ceramics; design of measuring setups. 
Haselier, H.:  Metallization and thin film technology as well as clean-room technology 
Hermanns, B.: MOCVD, RIBE, sputtering of magnetic materials 
John, H.:  Clean-room technology, microlithography and optical laboratory; LRP 
Speen, R.:  Relaxation spectroscopy and electrochemical characterization 



Ph.D. STUDENTS  

   

Baldus, O. (TH 
Aachen):  Laser annealing of CSD, MOCVD electroceramic thin films 

Barton, M. (Uni 
Bonn):  

Synthesis and characterization of single crystals of the high temperature 
protonic conductor Ba3(Ca1+xNb2-x)O9-δ  

Fitsilis, F. (TH 
Aachen): 

Thin film capacitors for future DRAM applications using the MOCVD 
technique 

Huck, H. (TH 
Aachen): Characterization of oxide perovskites with optical methods 

Rickes, J. (TH 
Aachen): 

Reconfigurable multimedia processors based on ferroeletric RAM 
(FeRAM) 

Schmitz, S. (TH 
Aachen): 

Influence of the contact metal on leakage current and dielectric 
permittivity of electroceramic thin film capacitors.  

Schmitz, R.: Magnetic tunnel junctions, fabrication and experiments 
Schneider, St. (TH 
Aachen): 

Reactive ion etching (RIE) and reactive ion beam etching (RIBE) of 
ceramic thin films. 

Schäfer, P. (TH 
Aachen): 

Evaluation of novel MOCVD systems for the deposition of ferroelectric 
thin films. 

GRADUANTS:  

   

Hövelmann, J. (TH 
Aachen): Computer control system for a laser annealing device 

Ohly, Ch. (TH Aachen):  Investigations of the high-temperature conductivity of doped 
titanate thin films 

   

GUEST SCIENTISTS:  

   

Dr. St. Hwang (Univ. of 
California, USA): Polarization switching models in polycrystalline ceramics 

Dr. W. Ma (Southeast Univ., 
Nanjing, China): 

Growth, microstructure and electrical property of ferro- 
electric thin films of perovskite-type oxides by MOCVD 

Prof. J. Scott (Univ. of New 
South Wales, Australia):  

Theory of charge distribution and leakage currents in BST 
type thin films  

Dr. K. Szot (Univ. Katowice, 
Poland): 

Study of surface layer of perovskite materials of ABO3 
structure 

 
 
 























Institute for Microstructure Research  

General 

The Institut für Mikrostrukturforschung (Institute for Microstructure Research) is working in 
a number of scientific fields. These were selected with an emphasis on modern-materials 
aspects, on the importance of an atomistic and microstructural understanding for their 
performance and, if possible, on the possibility of an evolution of research work into technical 
devices. The goal is an interdisciplinary research group working on a spectrum of scientific 
problems sufficiently wide to allow a flexible and rapid reaction to new scientific 
developments. In some of these fields the competence should span the whole range from 
materials preparation via basic physics investigations to technical devices. In others access to 
interesting materials and device problems is provided by qualified collaborations inside and 
outside the Jülich research center. Besides this general-physics and technology part of the 
institute there is a second part of special competence, the structural research by means of the 
most modern equipment in transmission electron microscopy and scanning tunneling 
microscopy. This work is carried out within the Center for High-Resolution Electron 
Microscopy which is operated by the institute and which at the same time serves a wider 
community of users. 

Research Fields 

The research fields can be characterized as follows: 

(1) Ceramic Superconductors: Here the emphasis is (a) on thin-film and heterostructure 
production, Josephson effects, tunneling devices and their application in magnetometer 
systems and spectroscopic techniques. In addition (b) our investigations on high-frequency 
properties of ceramic superconductors has evolved into the technology of dielectric resonators 
and filters for communication applications.  

(2) Semiconductors: Here the emphasis is on III-V compounds. In collaborations with various 
research groups we are studying, mainly by transmission electron microscopy, the growth of 
thin films and heterostructures. In recent years the problems related to the production and 
application of low-temperature GaAs have been of special interest. Another topic is the 
application of scanning tunneling microscopy to the study of the electronic states in 
compound semiconductors. Here a technique is employed which was pioneered in our group 
and which permits, via the detection of the far-reaching Debye screening effects of charged 
doping or impurity atoms at the surface, an investigation of defect related phenomena in the 
bulk of the samples. 

(3) Metallic Alloys: Here the emphasis is on quasicrystalline alloys and their closely related 
normalcrystalline approximants. Our crystal-growth group is growing large single-
quasicrystals for our own research but also for users world-wide, in particular for the 
participants in the DFG priority program on quasicrystals. Our own work on quasicrystals and 
approximants concentrates on plasticity and surface physics.  

(4) Electroceramics: In the field of electrocermic materials we take advantage of our long-
standing experience with respect to perovscitic materials both in preparation and in 
microstructure research by means of transmission electron microscopy. In collaboration with 
the Institute of Electroceramic Materials (Prof. Waser) we dedicate a large research capacity 

http://www.fz-juelich.de/zb/urn/urn_iff_sr/www.fz-juelich.de/iff/Institute/imf/index.html


to the investigation of the structural aspects of the production and properties of thin 
electroceramic films. 

(5) High-Resolution Electron Microscopy: Although in the beginning primarily considered as 
a tool for high-quality materials investigations in atomic dimensions the theoretical, 
methodical and technical aspects of atomic-resolution transmission electron microscopy have 
become in recent years one of the central fields of interest of our group. We have developed 
special competence in the theory of high-resolution electron microscopy. Advanced 
application packages for the exit wave-function reconstruction are installed and serviced by us 
world-wide in electron-microscopic user facilities. Since 1991 and 1997 we have in 
collaboration with EMBL Heidelberg and Technical University of Darmstadt developed the 
word's first aberration-corrected transmission electron microscope with record resolution, 1.3 
Å at 200 kV. These developments are continued (see below). 

Equipment 

With respect to the equipment the state can be described as follows: 

The institute has at its disposal sputtering deposition machines, some of them with three-
target facilities which were developed and built in the institute for the high-precision 
deposition of ceramic superconductor thin film and heterostructures, in particular dc-SQUID 
devices. In addition for this device production local clean room facilities, structuring and 
packaging facilities are available.  

For high-frequency superconductivity measurement equipment for up to 20 GHz and 
spectroscopic equipment in the frequency range of 100 GHz up to 2 THz is available. The 
design of dielectric resonators and filters is optimized by means of finite-element calculations.  

The institute operates together with the Institut für Streumethoden (Prof. Brückel) the 
laboratory for crystal-growth which was part of the former Institut für Materialentwicklung 
(Prof. Wenzl). This permits to maintain part of the outstanding expertise of this institute in the 
field of crystal growth. Beyond doubt the whole Department will take advantage of such a 
materials preparation facility. 

The Institute für Mikrostrukturforschung operates the Jülich Center for High-Resolution 
Electron Microscopy. This contains two 400 kV JEOL machines of the type 4000 EX/FX, a 
JEOL 2000 EX, a PHILIPS CM 20 FEG and a JEOL 840 A scanning microscope. The most 
recent instrument is the spherical-aberration corrected PHILIPS CM 200 FEG, the world's 
first aberration-corrected transmission electron microscope developed by the institute in a 
collaboration financed by the Volkswagen-Stiftung. This instrument is now in a good working 
condition and it is operated as a user facility with national and international guests. 

The priority in scanning tunneling microscopy is on high-temperature investigations a field 
only rarely served by other competing groups. Our scanning-tunneling microscopy group has 
at its disposal two microscopes with in-situ cleavage facilities and ex-situ heating up to 750 
°C. These machines were designed and built inside the institute. An in-situ heating STM has 
been ordered from Omicron to be delivered in May 1999.  

Although the institute has an extended in-house program for materials plasticity since about 
five years it never operated its own deformation machine. We received funds from various 
sources which permitted us to install (together with the group of Prof. Ullmaier) end of 1998 



our own ZWICK mechanical testing system. The excellent collaboration in the plasticity field 
with the MPI für Mikrostrukturphysik, Halle, (Prof. Messerschmidt) will be continued.  

  

Special results and developments 

The cooperation with BOSCH in the framework of the BMBF-Consortium "High-
Temperature Superconductor Systems for Satellite Communication" is very productive. In 
particular the multipole filters designed in the PhD-thesis work of St. Schornstein have 
received considerable attention. We consider it as an outstanding success that our institute, as 
partner of BOSCH, has won the competition for one of the five priority programs 
(Leitprojekte) of the German Federal Minister of Science and Technology (BMBF). The Title: 
"High-Temperature Superconductivity for the Communication Technology of the Future". 
The institute also succeeded in a competition for funding of a project with the same title by 
the "Strategiefonds of the Hermholtz-Gemeinschaft Deutscher Forschungszentren (HGF)".  

Our dc-SQUIDs on the basis of ramp-type junction geometry continue their success both in 
performance and in their acceptance in application and on the market. As a supplier of 
TRISTAN Company (USA, formerly Conductus) we deliver a larger number of SQUIDs and 
magnetometers per month. New developments concern flux transformers and gradiometers 
where the market demands (and commercial orders) directly meet our scientific interests. Our 
dc-SQUIDs are also employed in a number of projects carried out together with the Institut 
for Thin-Film and Ion-Technology (Prof. Braginski) and the ZEL (Prof. Halling).  

Our developments of Hilberttransform spectroscopy on the basis of Josephson-Junctions are 
bearing ample fruit. Hilberttransform spectroscopy provides an excellent and novel tool for 
spectroscopy in the frequency range of 1010 to 1013 Hertz, more than three orders of 
magnitude faster than Fourierspectroscopy. Here we have an excellent collaboration with the 
Institute for Radioelectronics in Moscow. We succeeded in acquiring a BMBF-project for the 
development of a fast gas-spectromer and a project with DESY, Hamburg. The latter is a 
consequence of our successful test of Hilberttransform spectroscopy for the determination of 
the shape of electron bunches in the beam in the TESLA accelerator test facility in Hamburg. 
This technology has the chance to become the basic technology for beam diagnostics in the 
final installation. Other projects concerning this novel technique have been submitted to 
international funding agencies. 

The successful project of the spherical-aberration corrected transmission electron microscope 
described above has triggered a priority program of the DFG. In the framework of this new 
program granted in 1998 our institute will develop in collaboration with CEOS Company, 
Heidelberg, and Zeiss-LEO, Oberkochen, the world's first Subangström-Instrument. Besides 
ultra-high resolution the 200 kV machine will contain a monochromator and an in-column 
energy filter of the Krahl-type. Another two instruments further optimized for high-resolution 
analytic functions will be installed at the University of Münster and at the MPI für 
Metallforschung in Stuttgart. Delivery is planned for 2003. This will maintain the institutes 
position as a pioneer in advanced instrument development. 

The institute is partner of PHILIPS ELECTRON OPTICS with respect to the theory and 
application of exit-wave function reconstruction techniques in high-resolution transmission 
electron microscopy. In this field our institute is respected as a key institute. Advanced 
application packages for the exit wave-function reconstruction are installed and serviced by us 



world-wide, under PHILIPS contract in electron-microscopic user facilities. The key role in 
this field is further illustrated by a large number of visits by international experts.  

The quasicrystal group has currently three DFG funded projects which, after running now for 
two years, will enter the second phase in May 1999. In these as well as in other parts of our 
research program the shortage in manpower has not been without influence. Delays resulting 
from problems to find good PhD students and post-docs were and are unavoidable. It is the 
clear institute policy to maintain high-quality standards and, in the extreme, to return funds 
rather than yield to the personnel-related difficulties. Great efforts went into a new PhD 
program with the Russian Academy of Sciences and other GUS state universities and 
universities in China. In the framework of this special program designed by the institute and 
the partners abroad the PhD students are working two years in Jülich on a grant supervised by 
the Jülich Doktorandenausschuß, but they will pass their examina in their home university. 
Two PhD students are working now in the institute on this basis. Others financed by other 
sources (e.g. by the Humboldt Foundation) come from China. 

  

Knut Urban 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Institute for Microstructure Research 

Staff 

(Total 14 - 7 Scientists) 

DI W. Evers Physical Experimental Technique, Low Temperature 
Technique, Thin Film Production 

(23.55.0, 
23.42.0) 

DI K.-H. Graf Electronics, Electronic Data Processing, Scanning, 
Tunnelling Microcopy 

(23.55.0, 
23.42.0) 

Dr. B. 
Grushko 

Crystal growth, phase diagrams of alloys  (23.55.0) 

J. Hanssen Technical Maintenance of High Resolution Electron 
Microscopy 

(23.55.0, 
32.42.0) 

Dr. C.L. Jia Characterization of microstructures, interfaces, grain 
boundaries and defects in superconductor, diamond and 
electronic ceramic films by high resolution electron 
microscopy 

(23.42.0)  

Dr. B. Kabius Cs-corrected Transmission Electron Microscopy for 
Imaging of interfaces in Semiconductors, Electron 
microscopy of superconducting materials 

(23.42.0) 
 

Dr. N. Klein Microwave applications of HTc-superconductors  (23.42.0)  

D. Meertens Metallography, Semiconductor Preparation, Scanning- 
and Transmission Electron Microscopy  

(23.55.0, 
23.42.0)  

Dr. U. Poppe Superconductivity, Tunneling Spectroscopy High-Tc 
Superconductor Thin Films and Multilayers, Scanning 
Tunnelling Microscopy 

(23.42.0) 
 

I. Radloff Secretary    

Dr. A. Thust Reconstruction techniques in high-resolution electron microscopy  (23.55.0)
Prof. Dr. K. 
Urban 

Head of Institute; Microstructure of crystal lattice 
defects and interfaces in metals and semiconductors, 
phase transformations in alloys, electron microscopy 

  
 

G. 
Waßenhoven 

Photolaboratory, Photography Technique  (23.55.0, 
23.42.0)  

R. Peters Photolaboratory, Photography Technique  (23.55.0, 
23.42.0)  

Post-docs (Total 6) 

Dr. Ph. Ebert Scanning tunnelling microscopy of semiconductor interfaces (23.42.0; 
23.55.0) 

Dr. M. 
Feuerbacher 

Plasticity of Quasicrystals  (23.55.0) 

Dr. H. Klein Plasticity of Quasicrystals  (23.55.0) 
Dr. M. Lentzen Microscopy of seminconductor heterostructures, 

Reconstruction techniques in high-resolution electron 
microscopy  

(23.42.0) 



Dr. M. 
Luysberg 

Transmission Electron Microscopy of semiconductor 
heterostructures, Low temperature GaAs und microcrystalline 
Si 

(23.42.0) 

Dr. H. Yi Cryogenic dielectric Filters  (23.42.0) 

Doctor students (Total IO) 

V. Chirotov Broadband Hilbert-Transform Spectroscopy with high-Tc Josephson 
junctions 

(23.42.0
) 

B.Jahnen Interdiffusion in Antimonid-based heterostructures (23.42.0)
Ch. Lei Investigation of Lattice Defects in Electro-ceramic Thin Films by 

High Resolution Electron Microscopy 
(23.42.0)

R. Rosenfeld Phase reconstruction techniques in high-resolution electron 
microscopy, Electron Microscopy of electrocerainic Materials 

(23.42.0)

P. Schall Plasticity of Quasicrystals and related intermetallic phases (23.55.0)
D. Schemion Investigations of ferrite materials at cryogenic temperatures and 

microwave applications in conjunction with high temperature 
superconductors (23.42.0) 

 

St. 
Schornstein 

Microwave Filters based on high temperature superconductors, 
Construction of HTc-based Band Pass Filters 

(23.42.0)

F. Kluge Scanning tunnelling microscopy of quasicrystals (23.42.0)
M. Winter Microwave Frequency Standards  (23.42.0)
M. 
Yurechko 

Formation of intermetallic phases in ternary alloys of aluminium with 
transition metals  

(23.55.0)

Diploma students (Total 4) 

R. Ott Production of structured dielectric layer systems and investigation of 
their dielectric properties in dependence of morphologyand 
granularity. 

(23.42.0)

P. Quadbeck Scanning Tunnelling Microscopy of Si and Te-doped GaAs  (23.42.0)
M. Heggen Investigation of Plastic Behaviour of icosahedral Zn-Mg-Re 

Quasicrystals 
(23.55.0)

D. Joussen 
(FH) 

New Circuits for Hybride Oszillators (23.42.0)

Guests (Total 3) 

Dr. J. Chen Cs-corrected Transmission Electron Microscopy  (23.42.0) 
Dr. Y. Divin Hilbert-Spectroscopy (Russia)  (23.42.0) 
Dr. M. Faley High-Tc-Superconductor SQUIDs (Russia)  (23.42.0) 
 
 
 
 
 





























 

The IFF Institute 'Electronic Properties' 

  

General Description of the Research Program  

The research program of the IFF institute 'Electronic Properties' is devoted towards the 
investigation of the electronic structure of atoms, molecules, clusters, and solids. The ultimate 
goal is the development of an understanding and thus a base for the control of the properties 
of (new) materials. The electronic structure constitutes the microscopic origin for all materials 
properties. The electronic interactions determine whether a solid is metallic, insulating, or 
semiconducting, whether it is transparent or exhibits a distinctive color, whether it is a magnet 
or a superconductor. Even the elastic properties and the thermal conductivity and heat 
capacity are determined by the electronic structure. 

The electronic structure of simple solids consisting of a regular lattice formed by one or two 
atomic constituents, like pure metals or semiconductors such as GaAs, is quite well 
understood. Thin film systems introduce a modification of the intrinsic materials properties 
due to the interaction at the surface and the interfaces. In structures where at least one of the 
dimensions is in the nanometer range, the interface or surface properties in conjunction with 
quantum size effects result in large modifications of the original materials properties. This has 
led to the concept of 'atomic engineering of materials', whereby the materials properties are 
controlled by a variation of the atomic constituents at the microscopic atomic level. These 
concepts establish the central and interconnecting aspect of our research program, where we 
use both experimental as well as theoretical tools for our explorations. In our research we are 
not only interested in the ground state properties but also in the dynamic short time response 
to an external stimulus, as for example a short light pulse.  

A large part of our research program is devoted towards the development of a microscopic 
understanding of classes of materials with a direct connection to a technological applications. 
Such materials where the microscopic control and the variation of the atomic constituents 
have a dominating influence for the technological application include semiconductor layer 
systems and heterostructures as well as thin film magnetic systems for sensors and storage 
media. 

Oriented towards these technological applications the research efforts of the institute are 
organized in the following areas:  

  

1. Magnetism of solids and thin films; From basic research to Magnetoelectronics  
2. Clusters as new Materials.  
3. Additionally in our institute there is an effort to develop new Methods and 

Instrumentation for our research. Hereby plays the application of synchrotron 
radiation a central role. This includes the design and construction of beamlines and 
instruments for research with synchrotron radiation.  

  

http://www.fz-juelich.de/zb/urn/urn_iff_sr/www.fz-juelich.de/iff/Institute/iee/index.html


Institute "Electronic Properties"  

May 1999 

  

Director:  

Prof. Dr. W. Eberhardt Secretary:J. Gollnick 

  Tel.: 4428, Fax: 2620   

  

Groups Research Areas 

Dr. C. Carbone Thin film magnetism 
Dr. K. Maiti Spin-polarized photoemission and CMXD 
A. Dallmeyer (PhD-student) with synchrotron radiation 
M. Malagoli (PhD-student)   

Dr. L. Baumgarten F-sec laser photoemission and high resolution 
S. Link (PhD-student) photoemission from solids 
C. Zilkens (PhD-student)  

Dr. S. Cramm Beamlines at DELTA and BESSY II 

Dr. S. Eisebitt Soft x-ray emission spectroscopy 
A. Karl (PhD-student) STM microscopy and spectroscopy 
R. Scherer (PhD-student)   
G. Kann (PhD-student)   
I. Wirth (Diploma-student)   
M. Freiwald (Diploma-student)   

Dr. S. Blügel Electronic structure theory of solids and 
Dr. G. Bihlmayer multilayers 
Dr. S. Clarke STM-theory 
Dr. X. Nie   
P. Kurz (PhD-student)   
D. Wortmann (Diploma-student)   

Dr. P.S. Bechthold Electronic structure, geometry and materials 
Dr. M. Neeb properties of clusters 
R. Klingeler (PhD-student) F-sec dynamics of clusters 
G. Lüttgens (PhD-student)   
N. Pontius (PhD-student)   

Dr. B. Kessler Electronic properties of cluster materials  
J. Morenzin (PhD-student) and polymer systems 
D. Schondelmaier (Diploma-student)  



J. Lauer Electronic-Laboratory 
H. Pfeifer   
K. Bickmann Vacuum-Laboratory 
B. Küpper  

Research Group "Magnetic Multilayers" 

Prof. Dr. P. Grünberg Magnetic multilayers for sensors and  
Dr. D. Bürgler memory applications 
Dr. C. Sauer   
Dr. S.-S. Yan   
D. Olligs (PhD-student)   
P. Rottländer (PhD-student)   
J. Wingbermühle (PhD-student)   
M. Buchmeier (Diploma-student)   
F.-J. Köhne   
R. Schreiber   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 











































Special Group: Materials subject to high radiation doses 

General Overview 

Research Area 

The goal of the work of the Special Group is the study and analysis of the changes in the 
properties of materials and the construction of models of materials subject to irradiation that is 
typical in fusion or in spallation. Since intensive sources of high energy neutrons are not 
available, the effects of bombardment are simulated using low mass ions from a cyclotron. In 
the case of spallation materials, information can also be gained by studying targets of existing 
weak sources (ISIS, LANSCE) that have been taken out of service. We have succeeded in 
collecting all existing available highly-dosed components from these sources in the Hot Cells 
of the FZJ. The results of mechanical tests yield valuable information about the servicable 
lifetime of targets in the High-Performance Sources ESS (European Spallation Source) and 
SNS (US-Spallation Neutron source) that are currently planned. In addition, theoretical 
models are used in an attempt to translate know-how gained via the development of materials 
for fission and fusion to the case of spallation. As in previous years, the group has enjoyed a 
close working relationship with Institute Theory II (H. Trinkhaus), which is a pre-requisite for 
an analysis of the experimental results that is meaningful and suggestive of further work. 

Results 

• Samples of the `low activation' steel F82H subject to implantation of more than 10 wt 
ppm hydrogen showed strong variations in their strength and ductility. This may 
possibly point to the creation of micro-cracks (hydrogen embrittlement).  

• A model for the creation of lens-shaped helium bubbles in alpha-SiC was developed. 
The model also describes the growth of dislocation loops around the bubbles.  

• Measurements on irradiated beta-SiC showed recovery behaviour that was only 
slightly different from that of alpha-SiC. The healing out of defects is shifted to 
slightly higher temperatures (see detailed report).  

• Thermal recovery from radiation-induced dimensional changes in oxide ceramics 
(Al2O3, MgO, MgAl2O4) correlated with the recovery behaviour of defects observed 
by optical absorption and ESR.  

• Segregation at grain boundaries (gb) induced in NiSi by radiation showed unusual 
morphologies which varied from gb to gb. For coherent and incoherent twin-
boundaries, the different morphologies could be correlated with the character of the 
gb. In general such a correlation could not be established.  

• The ductility and strength of the light metal beryllium was shown to be strongly 
influenced by its helium content.  

• Via conclusive measurements using electron bombardment, we showed that the 
radiation induced electrical degradation in ceramics that has been found to follow 
electron- ion- and neutron-bombardment is an artefact caused by the formation of 
cracks and by surface contamination.  



• Of the materials that were radiated by the 800MeV proton beam of the LAMPF-
facility in Los Alamos, martensitic steels showed the least embrittlement in bending 
tests in the hot cells at FZJ. These materials are now regarded as the favoured 
candidate materials for the Hg-target container of ESS.  

External Funding and Collaborative Projects 

In 1997, the work of the special group was again an essential part of the Eurpoean Fusion 
Programme. This is now partly integrated within the ITER Programme. 25% of the total costs 
(45% for irradiation) were financed via the Association FZJ/EURATOM by the EU in 
Brussels. In 1998, this translated into a net income of 600,000 DM for the FZJ. The areas of 
work are determined in consultation with the other partners in the Programme. The group has 
particularly close collaborations with the Riso National Lab, the University of Ancona, the 
Institute for Physical Chemistry of the Russian Academy of Sciences, Moscow and the 
Kurchatov Institute in Moscow. The main partners in connection with the ESS-related work 
are the National Laboratories Los Alamos and Oak Ridge, the Paul-Scherrer Institute, 
Villigen and the Rutherford Appleton Laboratory, Didcot. This work is supported via an EU-
TMR contract (Leading Institution FZJ; 1.6M Euro for 13 participants from 9 countries, of 
which 280,000 Euro devolves to FZJ as the largest partner). 

A cooperative project without transfer of funding is the STIP-Cooperation (an international 
Radiation Programme at the Swiss 0.9 MW Spallation-Source SINQ, with follow-up 
examination of the samples in the Hot-Cell Laboratories in Jülich, Oak Ridge, Saclay and 
Villigen). 

All ESS-related work is part of the HGF Strategic-Fund Project ‘Research and Development 
related to the construction of the pulsed European Spallations Neutron Source ESS' with the 
Hahn-Meitner Institute as partner. (Duration mid 1998 - mid 2001). 

 

 

 

 

 

 

 

 

 

 

 



Personnel 1998/99 

1. Regular Staff  

J. Deutz  Ion-Etching for the preparation of ceramic TEM-samples 
A. Fournier  Secretary (Special Group and ESS-Office) 
Dr. P. Jung  Effects of radiation in metals and ceramics, thermal desorption spectroscopy, 

hydrogen and helium in solids, microhardness. 
Dr. W. 
Kesternich 

Electron-Microscopy (TEM) of the microstructure of metals, conductivity 
changes of insulators subject to radiation, mechanical properties of beryllium 

H. Klein  Instrumentation for radiation-experiments, TEM, data processing, and the 
measurement of mechanical and electrical properties. 

W. Schmitz  Scanning-Electron-Microscopy, vacuum and electrotechnician, sample 
preparation. 

Prof. H. 
Ullmaier  

Group Leader, Projet Leader ESS, radiation damage in metals. 

2. Doctoral Students  

Zhi. Y. He  Effect of helium in oxide-ceramics 
R. Merkes  Radiation-induced segregation at grain boundaries 
F. Schliefer  Hydrogen permeation in ceramics 

3. HGS-Position  

J. Chen Mechanical properties and TEM of spallation-target materials 

4. Guests.  

Chao Liu (NPIC, Chengdu, China)  Hydrogen embrittlement of low-activation martensitic 
steels. 

Dr. A. Ryazonov (Kurchatov 
Institute, Moscow) 

Models for helium embrittlement and radiation-
induced amorphization. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







Publications 

• Publications in refereed journals  
• Other publications  

Publications in refereed journals  
 
IFF-98-11-001  
Abbas  
Likos, C.N., Löwen, H.1, Watzlawek, M.1, Abbas, B., Jucknischke, O., Allgaier, J., Richter, 
D.  
1Heinrich-Heine-Universität Düsseldorf 
Star Polymers Viewed as Ultrasoft Colloidal Paricles 
Phys.Rev.Lett. 80, 4450 (1998) 
23.30.0 
 
 
 
IFF-98-11-002  
Arons  
Arons, R.R. 
Magnetic studies of the Ba-Tb-In-oxide, a new proton conductor with the simple perovskite-
like structure 
Journal of Magnetism and Magnetic Materials 177-181 (1998) 869-870 
23.42.0 
 
 
 
IFF-98-11-003  
Asada  
Asada, T., Blügel, S. 
Prediction of magnetic structures of ultra-thin Fe films on 
Cu(100): Successful understanding 
of experimental findings 
J. Magn. Magn. Mater. 177-181, 1233 (1998) 
23.20.0 
 
 
 
IFF-98-11-004  
Biermann  
Biermann, S., Hohl, D.1, Marx, D.2 
1 Shell E&P Technology CO, Houston, USA 
2 MPI für Festkörperforschung, Stuttgart 
Proton quantum effects in high pressure hydrogen 
J. Low Temp. Phys. 110, 97 (1998) 
23.20.0 
 
 
 
IFF-98-11-005  



Biermann  
Biermann, S., Hohl, D.1, Marx, D.2 
1 Shell E&P Technology CO, Houston, USA 
2 MPI für Festkörperforschung, Stuttgart 
Quantum effects in solid hydrogen at ultra-high pressure 
Solid State Com. 108, 337 (1998) 
23.20.0 
 
 
 
IFF-98-11-006  
Brener  
Abel, T., Brener, E. and Müller-Krumbhaar, H. 
Three-Dimensional Growth-Morphologies 
in Diffusion-Controlled Channel Growth  
Phys. Rev. E 55 (1997) 7789-7792 
23.15.0 
 
 
 
IFF-98-11-007  
Brener  
Brener, E., Marchenko, V.I.1 
1P.L. Kapitza Institute for Physical Problems, RAS, 117334, Kosygin Str.2, Moscow, Russia 
Surface Instabilities in Cracks 
Phys. Rev. Lett. 81 (1998) 5141-5144 
23.15.0 
 
 
 
IFF-98-11-008  
Brener  
Feng, X., Brener, E., Temkin, D., Saito Y.1 and Müller-Krumbhaar, H. 
1KEIO University, Japan 
Solidification in the one-dimensional model for a disordered binary alloy under diffusion  
The European Physical Journal B 5 (1998) 663-669 
23.15.0 
 
 
 
IFF-98-11-009  
Brückel  
Chattopadhyay, T.a,b, Liss, K.D.c, Brückel, T.d 
a Institut Max von Laue-Paul Langevin (ILL), BP 1 56, F-38042 Grenoble Cedex 9 
b Max-Planck-Institut für Physik Komplexer Systeme, D-Dresden 
c European Synchrotron Radiation Facility (ESRF), BP 2 20, F-38043 Grenoble Cedex 
d Forschungszentrum Jülich GmbH, Institut für Festkörperforschung, D-52425 Jülich 
Incommensurate-commensurate lock-in phase transition in EuAs3 
Journal of Magnetism and Magnetic Materials 177 - 181 (198) 1058 - 1060 
23.89.1 
 



 
 
IFF-98-11-010  
Brückel  
Perry, S.C.1, Costa, M.M.R.2, Stirling, W.G.3, Longfield, M.J.3, Mannix, D.3, Brückel, T.4 
1 Physics Department, School of Physical Science and Engineering, Keele University, 
Staffordshire ST5 5BG, UK 
2 Physics Department, Universidade do Coimbra, 3000 Coimbra, Portugal 
3 Department of Physics, Oliver Lodge Laboratory, University of Liverpool, Liverpool  
L69 7ZE, UK 
4 Forschungszentrum Jülich GmbH, Institut für Festkörperforschung, D-52425 Jülich 
Energy-dependent polarization study of the x-ray magnetic scattering in terbium metal 
J. Phys.: Condens. Matter 10 (1998) 1951 - 1964 
23.89.1 
 
 
 
IFF-98-11-011  
Buchenau  
Ramos, M.A.1, Buchenau, U.  
1Universidad Autonoma, Madrid 
Beyond the Standard Tunneling Model: The Soft-Potential Model in Tunneling Systems in 
Amorphous and Crystalline Solids, ed. P. Esquinazi (Springer, Berlin 1998), p. 527ff 
23.30.0 
 
 
 
IFF-98-11-012  
Caliebe  
Caliebe, W. A.1,2, Kao, C.-C.2, Hastings, J. B.2, Taguchi, M.3, Kotani, A.3, Uozumi, T.4, de 
Groot, F. M. F.5 
1 Forschungszentrum Jülich GmbH, Institut für Festkörperforschung, D-52425 Jülich 
2 National Synchrotron Light Source, Brookhaven National Laboratory, Upton, New York, 
11973, USA 
3 Institute for Solid State Physics, University of Tokyo, Roppongi, Minato-ku, Tokyo 106, 
Japan 
4 College of Engineering, University of Osaka Prefecture, Gakuen-cho, Sakai 593, Japan 
5 Solid State Physics Laboratory, University of Groningen, Nijenborgh 4, 9747 AG 
Groningen, The Netherlands 
1s2p resonant inelastic x-ray scattering in (-Fe2O3 
Physical Review B, Volume 58 (20) 13452 - 13458 (1998) 
23.20.0 
 
 
 
IFF-98-11-013  
Caliebe  
Hill, J.P.1, Kao, C.-C.2, Caliebe, W.A.L.2,3, Matsubara, M.4, Kotani, A.4, Peng, J.L.5, 
Greene, R.L.5 
1 Department of Physics, Brookhaven National Laboratory, Upton, New York 11973, USA 
2 National Synchrotron Light Source, Brookhaven National Laboratory, Upton, New York, 



11973, USA 
3 Forschungszentrum Jülich GmbH, Institut für Festkörperforschung, D-52425 Jülich 
4 Institute for Solid State Physics, University of Tokyo, Roppongi, Minato-ku, Tokyo 106, 
Japan 
5 Center for Superconductivity Research, Department of Physics and Astronomy, University 
of Maryland, College Park, Maryland 20742, USA 
Resonant Inelastic X-Ray Scattering in Nd2CuO4 
Phys. Rev. Lett. 22, 4967 - 4970 (1998) 
23.20.0 
 
 
 
IFF-98-11-014  
Chen  
Chen, J., Jung, P., Klein, H. 
Production and recovery of defects in SiC after Irradiation and  
Deformation 
J. Nucl. Mater. 258-263 (1998) 1803 
23.80.5 
 
 
 
IFF-98-11-015  
Conrad  
Gawronski, M., Conrad, H., Springer, T. 
Forschungszentrum Jülich GmbH, Institut für Festkörperforschung, D-52425 Jülich 
Proton-Deuteron and H2O-D2O Exchange in Polysaccharides by X-ray and Small-Angle 
Neutron Scattering 
Macromolecules, Vol. 31, No. 8, 1998 
23.30.0 
 
 
 
IFF-98-11-016  
Conrad  
Conrad, H. 
Forschungszentrum Jülich GmbH, Institut für Festkörperforschung, D-52425 Jülich 
Es muß nicht immer Spaltung sein 
Physik in unserer Zeit / 29. Jahrg. 1998 / Nr. 2 
23.60.0 
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