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Abstract

As down scaling over the past several decades has pushed Si-based integrated
circuits to its technical and fundamental scaling limits, germanium (Ge) is renewed
as one of the promising candidate channel materials for next generation high
performance integrated circuits due to its high carrier mobility and good compatibility
with silicon technology. However, high dielectric constant (high k) deposited on Ge
usually introduces high interface state density at the interface due to the poor stability
of Ge native oxide, seriously deteriorating the device performance. Previous studies
have shown that ultra-thin Ge oxide can effectively suppress the interface state
density and interface scattering at the interface between high-K dielectric and Ge,
improving the channel carrier mobility. However, the impacts of the ultra-thin
germanium oxide on Ge-MOSFET devices needs further investigated.

In this thesis, the effects of germanium oxide layer on the high-k dielectric Ge
MOS structure are investigated. The ultra-thin germanium oxide were prepared by
rapid thermal oxidation and the dependence of oxidation rate on oxidation
temperature and time were obtained. The Ge MOS capacitors with 4nm GeO,/HfO,
gate tacks were fabricated and the interface state density of the 10'' cm™e V™' order of
magnitude was achieved with thermal treatments. The main contents include the
following three aspects:

1. The dependence of oxidation rate of Ge oxide on oxidation temperature and
time are investigated. Two distinct linear regimes are observed during the initial
oxidation of germanium. At the very beginning the oxidation rate is higher than that
predicted by Deal-Grove model by one order of magnitude, and then decreases
rapidly to the values following Deal-Gove model when the oxide thickness reaches a
temperature-dependent critical value. The formation of reaction volume zone, rather
than reaction interface is proposed to result in the higher oxidation rate. X-ray
photoelectron spectroscopy (XPS) results show that four chemical states germanium
oxides exist in the oxidation process and GeO, content gradually increases with

oxidation time.
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2. The effects of dry and wet thermal annealing processes on the HfO,/GeO,/Ge
MOS structure are investigated. The results show that metal directly contacting to
GeO; can promote the generation and evaporation of GeO at relatively low
temperature during dry annealing process; While wet thermal annealing process
decreases the germanium oxide thickness and improve the oxidation degree of
germanium oxide in the HfO,/GeO,/Ge MOS structure, improving the electrical
performance of the devices; Comparison of electrical properties of Ge MOS
capacitors made by oxygen and ozone oxidation shows that ozone oxidation gives rise
to the higher oxidation degree in the oxide films and the lower the interface state
density at the GeO,/Ge interface.

3. HfO,/Ge0,/Ge MOSFET device with schottky barrier source/drain junction
are fabricated using gate first technology. The key processes determining in the

electrical properties of the devices are discussed.

Keywords: interface passivation, ultra-thin germanium oxide, annealing,

MOSFET
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