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INTRODUCTION

Research of surfaces, interfaces and control of the thin film growth have its origin in
vacuum technology and in the development of surface-sensitive probes such as
surface spectroscopies and electron diffraction techniques. In the control of the
growth and properties of thin films, surfaces and interfaces there have been
impressive gains in technological applications; semiconductors, artificially structured
materials, catalysts, corrosion research etc. Both technology and the desire for
fundamental knowledge at the atomic level are driven the search for the control of
fabrication processes for novel materials and new devices. Thus the studies of film
growth, surfaces and interfaces have been increasingly characterized by application of
surface science methods to understanding phenomena at the atomic level.

In surface science methods, which previously were used quite often separately, there
has been tendency during last years to integrate them into the same UHV to achieve
higher control of analyzing conditions of a sample with several methods. This could
be called a multiprobe system. On this line we have upgraded during 1990’s our
equipment in electron spectroscopy and surface physics to improve and increase
research possibilities. As a part of instrumentation project “Inverse photoemission
spectrometer” (KRIPES) has been realised with the support of Technology
Development Centre (TEKES) and industry. Besides these actions we have bought
Surface Science System including XPS, UPS, LEED, QMS, UHV AFM/STM, and
combined these with KRIPES and sample preparation options all in ultra high
vacuum. Thus the experimental research methods available in our home laboratory
form an excellent combination for surface science. Furthermore, the contract between
The Finnish Consortium and MAX-LAB (Sweden) has been crucial for the activity of
synchrotron radiation based research of our group. This contract guarantees a certain
amount of beam time to the Finnish users. It was written in return for the investments
of Academy of Finland, University of Oulu and University of Turku to a synchrotron
beam line at MAX-LAB.

A very challenging research field in surface science is nowadays devoted to materials
of reduced dimensionality such as ultrathin films, stripes or chains of atoms, called
nanoscale structures. To produce such structures using patterned substrates like self-
ordered substrates as templates for guiding the growth process or with the aid of self-
assembled adsorbate atoms forming a mask for deposition of atoms are particularly
appealing. Spontaneous formation of self-ordered structures can be considered as a
promising alternative to lithography techniques in applications for the epitaxial
growth. Study of arrays of nanowires, periodic domains and replicated structural
periodicities with specific physical properties (e.g. metallic conductivity, magnetic
state, optoelectronic response) raises hopes for a possibility of incorporating these into
contemporary silicon and compound semiconductor technology

Research field of our group is the physics of materials, surfaces, interfaces,
nanostructures and thin films. Atomic and electronic structures and their effects on the
physical and chemical properties of materials are studied. Applied research includes
materials of metal, electronic and chemical industries.
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SURFACE SCIENCE SYSTEM (home laboratory)
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GRADUATE SCHOOLS

e (GSMR) Graduate School of Materials Research
e (NGSMP) National Graduate School in Materials Physics

DOCTORAL THESIS

“Vacuum ultraviolet grating inverse photoemission spectrometer:
Instrumentation and applications” of Phil.Lic. Tapio Ollonqvist, 2001.
(Physics)

“XPS studies of alumina supported Pt, Pd, and CuO catalysts with Ba, La and
Ce modifiers” of Hannu Karhu, 2002. (Physics)

“Influence of SiC oxidation on electrochemical codeposition of SiC particles
with nickel” of MSc Robert Socha, 2003. (Materials Science)

“Rare-earth metal induced nanoscale structures on Si(111) surfaces studied by
scanning tunneling microscopy and low energy electron diffraction” of MSc
Riikka-Liisa Vaara, 2004. (Physics)

“Atomic and electronic properties of GaAs(100) and InAs(100) semiconductor
surfaces “ of DI Pekka Laukkanen, 2005. (Physics)

PROJECTS

e Synchrotron radiation in surface physics (Academy of Finland)

e Nanostructures and thin films on silicon single crystals (Academy of
Finland, NGSMP)

e Nanoscale surface studies of GaAs and related materials (Academy of
Finland, GSMR)

e Catalysts research with surface sensitive spectroscopies (Academy of
Finland)

e Computational research of electronic structure of materials
e Studies of thin films and electronic structure of chalcogen crystal surfaces



e Surface and thin film analysis on stainless steels and copper (VTT, --2005)
e Some short term projects with industry and with university research
groups.

COLLABORATION

e MAX-LAB, Synchrotron Radiation Laboratory, Lund, Sweden
Department of Physics and Measurement Technology, Linkdping
University, Sweden

A.F. loffe Physico-Technical Institute, St. Petersburg University, Russia
Institute of Physics, University of Tartu, Estonia

Laboratory of Industrial Chemistry, Abo Akademi

Mass and Heat Transfer Laboratory, University of Oulu

Laboratory of Materials Processing and Powder Metallurgy, HUT
Industrial Systems, Surface Film Electrochemistry, VTT

Polish Academy of Sciences, Lodz, Poland

Some other short term contacts in Finland and in foreign countries
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2003, pp 96 — 97, Eds. J.N. Andersen, U. Johansson, R. Nyholm and H. Ullman,
Sweden, 2004.

R. E. Peréld, M. Kuzmin, P. Laukkanen, R.-L. Vaara and L. J. Viyrynen: Study of Eu-
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core-level photoemission and scanning tunneling microscopy: - Physical Review B72,
045321 (2005).
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