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%g"The oengoing miniaturization of semiconductor devices requires the
“replacement of the conventional S$i0-based gate oxides by so-
ialled high-K oxides, in order to avoid quanlum mechanical
. kekuge currents through an ultra-thin gate oxide. In the near
uture, this will require forming interfaces with atomic control and
-a rational design of the chemical and electrical propertics, We
““Giscuss the route towards formation of cpitaxial high-K oxides with
“liicon using state-of-the-art clectronic-structwre calcutations and
b iitio molecudar-dynamics simulations,

The goat of this project is to provide insight into the growth proces-
323 for molecular beam epitaxy (MBE). In particular, we sclect the
rowth of SrTi0x on silicon, the first demonstrated oxide grown
gpitaxtally on silicon.

The first step is the deposition of the metal atom on silicon. The
eraction of the metal ions with the surface reconstruction of the
ilicon: surface exhibits an interesting phase diagram as function of
matal coverage. The caleulated sequence of phases is relevant for
muiding the experimenta) growth process. The comparison between

caleulated and measured phase diagrams provides evidence that &
sofid-state reaction, previously considered vital for forming epit-
axial interfaces, is not present. The caleutations lead naturally 10 a
new model for the inter{ace structure.

Ab initio moicewlar-dynamics simulations provide insight into thé
formation of the oxide on the Sr covered Si surlace, | is shown
how the interfacial layers provide a covalent template for the semi-
conductor and an ionic templale for the semiconductor.

The interface, being in chemical contact with the oxide, is influen-
ced by the diffusion ol oxygen ions to the interface. We investigated
how the interface is alfecled by the addition of oxygens and which
interfaces are thermedynamically stable depending on the oxygen
partial pressure,

We could show furthermore that the band offsets of valence and
conduction bands depend strongly on the oxygen content of the
interface. The conduction band offset, cailed the injection barrier,
is a critical device parameter, which tends 10 be (oo tow for most
high-K oxides on silicon. While injection barriers in the range of |
¢V are required, SrTi0; exhibits a negligible small injection barricr
in the range of few tenths of percent, We could show that this
finding depends on the oxygen content and that the interfaces can
be cngincered in such a way that salisfactory Injection barriers
are obtained.

New developments in semiconductor technology aim at introdu-
cing new semiconductors into silicon technelogy, This requires
growth of high-mobility semiconductors such as Ge onto buffer
oxides such as SrHO,. Semiconductor growth on oxides suffers
from clustering on the surface. This, however, prohibits the desired
layer-by-layer growth mode. On the basis of first-principles caleula-
tions it wil] be shown how 1he surface can be engineered using
surfactants to allow for epitaxial growth of semiconductors on
SrHfO:.
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