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A study of Si-Ge and Ge thin films on silicon on insulator
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Abstract

In the next generation of complement metal-oxide-semiconductor field effect transistor
(CMOSFET), silicon on insulator (SOI) and strained Si are used to as the substrate and
carrier channel. In this project, we combined both of SOI and strained Si, to explore the
feasibility of SiGe on insulator (SGOI). Oxide can serve a role as a diffusion barrier for
the interdiffusion of Ge atoms under high temperature, this characteristic is benefit for the
application of Ge condensation approach for the preparation of thin relaxed SiGe on
insulator. We used three types of SOI wafers as substrate separation by ion implantation
oxide (SIMOX), SOI wafer with a 50-nm-thick Si top layer, and SOI wafer with a Si top
layer of 20 nm layer. Our results suggests that the crystalline, surface morphology, and
Ge content in SiGe layer upon buried SiO2 layer are dependent on the quality and stress
status of initial Si layer on oxide. With SIMOX, the poor crystalline and rough surface
are found in the SiGe on insulator films, which are not suitable for the subsequential
oxidation and iso-thermal annealing. A high quality and flat surface SigoGeg film on
insulator and SipgsGepos on insulator films are grown on the SOI wafers with a
50-nm-thick Si top layer. The stress in the top Si layer on insulator may enhance the Ge
content in SGOI films by increasing of H-desorption during epitaxial process. After dry
thermal oxidation at 1050 °C and a followed-up annealing process for 4 hrs, a thin ( 17
nm) SGOI layer with high Ge fraction (x = 0.43) were fabricated and residual stress of
0.0242 by use of a layer structure consisted of SigoGeo1/Si/oxide/Si. Using oxidation at
1050 °C and a followed-up annealing process for 4 hrs, a thin SGOI layer with high Ge
fraction (x = 0.33) were fabricated and residual stress of 0.0329 by use of a layer
structure consisted of Sip.g5Geg s/Si/oxide/Si. Oxidation process plays an important role
in the rejection of Ge atoms during the Ge condensation with a high Ge content in SGOI
films. Rough and poor crystalline in SiGe films with 15% Ge content are grown on the
SOI wafers of 50-nm-thick Si layer. With post-annealing treatment, it could homogenize
the distribution of Ge atoms in the final thin-relaxed SiGe layer. In this project, we also
used a 20-nm-thick Si on insulator as the buffer, a high quality of SiygsGeg.15 film with
smooth and a clearly interface at SiGe/Si can be successfully achieved. Thickness of Si
layer upon buried oxide is an important factor to decide the crystalline and quality of
SiGe overlayer. Several defects occur in the films of relaxed SGOI films during the
process of Ge condensation, which may result in the yield loss of devices.
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