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The micro- and nanostructure research in the cleanrooms of the Institut für Hal-
bleiter- und Festkörperphysik and the Institut für Mikroelektronik is supported by the
Society for Microelectronics (GMe). In the field of Si/SiGe heterobipolar transistors,
compatibility issues with conventional Si technology were investigated. Sili-
con/Germanium structures were also used for the investigation of strain distributions
in nanostructures and for the investigation of the metal-insulator phase transition at
low temperatures. In GaAs technology, a hot electron injection field effect transistor
in 0.5 µm technology with a transit frequency of 32 GHz was realized. Also Nanos-
tructures were prepared in AlGaAs layers by use of electron beam lithography. In the
field of optoelectronics, silicon light emitting diodes were achieved by doping with
erbium and oxygen. Furthermore, in IV-VI semiconductor compounds, optically
pumped surface emitting lasers were realized. Growth processes of semiconductor II-
VI compounds were in-situ measured by Reflection Difference Spectroscopy and
magnetic properties of iron layers on GaAs were investigated with respect to spin
electronics.

The funding of the activities in the two cleanrooms at the University of Linz which are
jointly used by three groups is of vital importance for our micro- and nanostructure re-
search activities. This basic funding allows for investigations which are made possible
through additional funding coming from the FWF, the FFF, the European Commission,
as well as through cooperations with industrial groups as listed in the report.

A short overview is given in the following on the achievements made in the year 2000
in the cleanrooms in Linz. The basic equipment which is available in these clean rooms
allows for MBE growth of Si-based heterostructures, of II-VI and IV-VI hetero-
structures, for the deposition of  ferromagnetic layers like Fe on II-VI as well as III-V
compounds, as well as for MOCVD growth of III-V compounds like GaAs/GaAlAs and
GaAs/GaInAs. Apart from in situ and ex situ structural characterization, lateral pattern-
ing is made possible through equipment like optical, holographic, and electron beam
lithography. Processing includes also facilities for the deposition on insulating as well as
contact layers. The transmission electron microscope, purchased through funds of the
Federal Ministry of Education, Science and Culture, became operational this year.

The research efforts were concentrated on high frequency electronic and optoelectronic
devices as described in the following.

Si-SiGe heterobipolar transistors are now widely introduced in the production for high
speed bipolar and BiCMOS circuits, offering a great speed advantage over standard Sili-
con technologies. In Linz steps towards the optimization of the of doping and composi-
tion profiles for the SiGeC HBT technology were made in a collaboration with Austria
Microsystems, Unterpremstätten. In the production process, incompatibilities due to the
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insertion of Ge become an important issue. For example, a transient enhanced diffusion
(TED) of boron out of the SiGe base layer upon thermal activation of the poly-emitter
implant occurs. As a remedy, the use of a carbon co-doped base has been proposed, in
order to suppress the diffusitivity. On the other hand, C-complexes may introduce elec-
trically active states in the band gap and thus degrade the electrical properties of the
devices. Thus quantitative measurements of substitutional carbon and SiC were per-
formed on MBE grown Si1-yCy layers. In the IR transmission spectra, optical absorption
from coherent and incoherent β-SiC was observed. The precipitation behavior of C to β-
SiC in Si1-yCy layers was then studied with the FTIR technique. In addition, the impact
of carbon in a SiGeC HBT structure with a poly-Si emitter was studied. Complete sup-
pression of TED of B was obtained by carbon doping of the base with 0.2% substitu-
tional carbon.

Silicon and Si/Ge structures were also used in the investigation of strain distributions by
x-ray methods. The strain in Si substrates underneath laterally patterned periodic SiO2
stripes was measured by the grazing incidence diffraction technique. This method en-
hances the sensitivity in the near interface regions compared to conventional x-ray
methods. A tensile and two compressively strained regions were found below and close
to the edges of the stripes, respectively. These data have relevance for electronic trans-
port. In Si/Ge islands, the strain and composition distribution was investigated. It turned
out that although pure Ge has been deposited during island growth, the Ge composition
varies due to intermixing processes between 0.5 and 1.

Silicon/Germanium quantum well structures were further used to investigate a basic
physical problem, the behavior of potential fluctuations near the metal-insulator transi-
tion at low temperatures. For this purpose, the free electrons were detected by electron
spin resonance (ESR). From the ESR signal, the potential fluctuations and the Thomas-
Fermi screening efficiency were deduced. At the critical density of the metal-insulator
transition, the potential fluctuations diverge leading to a strong increase in resistivity.

Hot electron injection field effect transistors (HEIFET) were realized in GaAs technol-
ogy. In such a device the usual ohmic source contact is replaced by an injection limiting
contact in order to inject fast electrons into the channel region. Consequently, the elec-
tron transit time through the channel is reduced and the transistors upper frequency lim-
its are raised. As a result, a 0.5 µm device with a transit frequency of 32 GHz could be
realized.

Different types of nanostructures were fabricated in AlGaAs layers.  Narrow lateral re-
gions were defined in a two-dimensional electron gas by deep groove etching or by top
gate structures with the help of electron beam lithography.  In such structures the lateral
quantization of electron waves was observed.  The investigation and understanding of
quantum effects in nanostructures is important as the continuing miniaturization will
lead to similar effects in future semiconductor devices.

In the field of optoelectronics, silicon light emitting diodes (LED) were achieved by co-
doping of erbium (Er) and oxygen (O). The LED’s emit at room temperature at a wave-
length of 1.54 µm. The doping profile and electrical activity were investigated in order
to optimize the structure for room temperature luminescence.

Optically pumped vertical-cavity surface emitting lasers were fabricated from narrow
band gap IV-VI semiconductor compounds. High reflectivity PbEuTe/EuTe multilayers
are used as mirrors for the laser cavity. The stimulated emission occurs between 3 and
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4.5 µm and is generated either in PbTe quantum wells or in self-organized PbSe quan-
tum dots. PbTe on PbSe was also used for nano-scale dislocation patterning studied by a
scanning tunneling microscope.

Furthermore, surface processes in molecular beam epitaxy were investigated in situ
during growth by the Reflection Difference Spectroscopy method on II-VI semiconduc-
tor compounds in order to develop an all-optical feed-back system for controlling the
growth. In this method, the measured signal is the difference between the near normal
incidence reflectance of light linearly polarized along the two principal axes. The signal
is recorded as a function of time, photon energy and/or surface conditions. In
CdTe/ZnTe the in situ stress relaxation during growth was observed for the first time.

Finally, thin iron films were deposited on GaAs substrates and ZnSe epilayers in order
to investigate their magnetic properties in the initial surface reconstruction process. The
incorporation of magnetic layers in semiconductor heterostructures is an increasingly
active area of study for spin electronics. The magnetization versus magnetic field hys-
teresis curve for iron on GaAs shows a single irreversible jump whereas the irons films
on ZnSe exhibit two such jumps if the thickness is between 60 and 120 nm.
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