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In this paper we focus on developing an efficient method to
obtain a crystalline SiGe layer on top of an insulator. The method
is aimed at enabling the fabrication of different concentration of
crystaline SiGe alloy through structure engineering. This
technique could enable the alloy composition to be different by
design across a single wafer by using a single Germanium
deposition step.

Introduction

Ge or GeSi-on-insulator (SGOI) is a desirable system with applications in electronic and
photonic devices such as photodetectors, mid-infrared waveguides and high mobility Ge
complementary metal oxide semiconductors (CMOS). A number of methods have been
proposed to produce blanket SGOI films on Si wafers, including layer transfer [1, 2] and Ge
condensation [2, 3]. A complementary technique to fabricate localized SGOI regions on a Si
wafer is rapid melt growth (RMG) in micro-crucibles [4].

Results and discussion

In order to realize RMG a thin insulating layer is deposited onto a silicon wafer and patterned
to expose seed areas. A blanket Ge layer is then deposited using a non-selective technique
such as chemical vapour deposition (CVD) and patterned into strips protruding from the
exposed Si seeds. These strips are then encapsulated with an insulating layer in order to form
micro-crucibles which contain the Ge during the RMG. The wafers are heated using a rapid
thermal annealer (RTA) at approximately 80 °C/s to a temperature above the melting point of
Ge, in order to initiate the RMG process, and cooled naturally. All dislocation defects formed
as a result of the lattice mismatch between Si and Ge are contained in the seed area due to
defect necking, resulting in localized single crystal SiGe-on-insulator formation.

Control of the Si concentration in the SiGe strips is extremely challenging. As the samples
are heated Si diffuses from the seed into the Ge strips forming SiGe alloys with a solidification
temperature dependent on the Si concentration. Therefore at any given temperature, once
the Si concentration reaches a certain concentration recrystallization commences in the seed
area and propagates along the SiGe strips during cooling. However, since there is a large
separation between the solidus and liquidus phase of a SiGe alloy [5], and the Si diffusivity is
high in the liquidus phase, at the regrowth front a Si rich solid phase and a Ge rich liquid phase
is apparent. This leads to a lateral gradation of the Si concentration along the strips with
approximately 100% Ge at the end of the strips.
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Figure 1 — Phase diagram of SiGe alloys showing separation of the solidus and liquidus phases —

modified from [5]

Here we present a method of engineering the SiGe interdiffusion using tailored structures in
order to modify the RMG kinetics resulting in a more consistent Si concentration along a SiGe
strip. The approximate Si concentration in the SiGe strips has been characterised using 532
nm Raman Spectroscopy by taking the ratio of the SiGe peak (seen at approximately 380-400
cm™?) and the GeGe peak (seen at approximately 300 cm?), as shown in Figure 2.
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Figure 2 — Ratio of SiGe:GeGe Raman peaks showing more consistent Si concentration in the tailored

This improved control of the Si concentration in single crystal SGOI could lead to a new breed

10 20 30 40 50
Distance from Seed (um)

structure when compared with a straight strip

of photonic and electronic devices on insulator.
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