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Abstract

Due to the high carrier mobilities and the comphtyo with silicon
microelectronics technology, Si-based Ge is comsti¢o be one of the promising
materials for advanced CMOS devices and Si-baséokelggtronic devices in the
future. However, epitaxial growth of high-qualitye@Glms on Si substrates is still a
challenge because of the large lattice mismatohd®t them. During the fabrication
of Ge MOS devices, Ge suboxide (Ge@s easily formed at the Ge/dielectric
interface, which may increase the interface stdtssity and degrade the device
performance. Therefore, high-quality epitaxy ofb@sed Ge films and significant
reduction of the interface states at the Ge/diateatterface are the key issues in
high-performance Si-based Ge devices fabrication.

In this thesis, high-quality Si-based Ge materiale epitaxially grown in
UHV/CVD system. Several Methods are studied to cedine dislocation density in
the epitaxial Ge layer. Ge MOS structures werei¢abed by thermal oxidation of the
Si cap layer. The influence of the interfacial pdms on the the electrical
characteristics of the MOS structures was studibd.details are as following:

1. High-quality epitaxial Si-based Ge materials werewmn with a low temperature
self-patterned Ge coalescence islands templateSgad/Ge multiple quantum well
(MQW) techniques. The role of low temperature Gé#druand SiGe/Ge MQW in
reducing dislocation density and flattening thefawe are systematically studied. By
these two techniques, the dislocation density waad greatly reduced. For a 880nm
thick Si-based Ge epitaxial layer, the threadirgjadiation density was measured to
be around 1.49x£6n’ and the root-mean-square (RMS) surface roughseabdut
0.45nm. The impacts of thermal annealing on thé&approperties and the threading
dislocation density of the Ge materials are alsestigated.

2. In situ doping of the Si-based Ge films were stddBHg(0.5%) and PK0.5%)
diluted with hydrogen were used as the p-type artgpa dopant source gases.

Dependence of the growth rate, surface morphologlydoping concentration on the



flow rates of the source gases was explored. Th@ndoconcentration is found
linearly increased with the increasing flow rate tbé source gases. Furthemore,
doping process may reduce the Ge growth rate, raardase the surface roughness of
the Ge epialyer.

3. To investigate the effect of the physical properté the oxide/Ge interface on its
electrical properties, a 2.0-nm-thick Si cap layes deposited on the grown Si-based
Ge materials and then thermal oxided under varomnslitions to fabricate Ge MOS
structures. The capacitance-voltage (C-V) resthitsvsthat GeQ at the interface may
generate a high density of interfacial charge tramsl is responsibie for the large
hysteresis of the C-V curves. However, if somedesi Si remains at the Ge/oxide
interface, the detrimental effect of the Gedd the interfacial electrical properties can
be effectively reduced. Ideal C-V curves and lovelface states densities were

obtained when the thickness of the remaining Srasyabout 7ML.

Key words: low temperature Ge buffer; SiGe/Ge MQWsitu doping; Si-based Ge

MOS structurepxide/Ge interface
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