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ABSTRACT

On one hand, ion beam synthesis (IBS) of SiC by using high-fluence carbon ion
implantation in silicon in combination with subsequent or in situ thermal annealing,
which is well compatible with silicon device technology, has been systematically
prove as a possible technique for forming nano-crystalline cubic SiC (3C-SiC) layers
containing a minor amount of foreign impurities at a given depth in silicon subsirate.
On the other hand, the irradiation of swift heavy ion has shown to be able to alter the
crystalline properties of materials. Therefore, the goal of this work is to form and
modify the nano-SiC using ion beam techniques. The study focuses on an
investigation of the crystalline quality of a newly bom phases as well as their
dependence on the implantation conditions and annealing treatments. In this study, a
silicon carbide layer was synthesized by 80 or 40-keV '>C* implantation of a p-type
(100) Si wafer at a fluence of 1.7x10" or 6.5x10'7 jons/cm? at room temperature or
clevated temperature. The implanted samples were subsequently crystallized by 2
techniques; namely solid phase crystallization by thermal annealing and ion beam

assisted crystallization by swift heavy ion-beam annealing. The former was performed
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in a vacuum furnace in the temperature range of 800 — 1100 °C, while the latter was
performed by imadiation of 10 - 30 MeV “Lions to a fluence of 10'? ions/cm? at
temperature ranges from 80 to 800 °C. The distribution of the implanted carbon in Si-
substrate before and after the annealing treatment was investigated by time-of-flight
energy elastic recoil detection analysis (ToF-E ERDA). Infrared spectroscopy and
Raman scattering measurement were used to monitor the formation of SiC, and
detailed information about the SiC film properties was obtained by analyzing the peak
shape of the Si-C stretching absorption mode. The change in crystallinity of the
synthesized layer was probed by glancing incidence X-ray diffraction measurement.
Transmission electron microscopy (TEM) was also used to confirm the results and to
model the crystallization process. All these measurements show results in a coherent
way. (1) The ion implantation structure synthesized at room temperature is an
amorphous Si-C layer embedded in Si-substrate. This amorphous structure has been
transformed to crystalline phase of 3C-SiC at annealing temperature as high as 900
°C. The increasing of annealing temperature significantly improves the crystallinity of
SiC, im a way that, the higher temperature the better crystallinity. (2) For the ion
implantation at 400 °C, the as-implanted samples form a layered structure with a
nano-crystalline 3C-SiC layer centered at the mean projected range of the implanted
C-atoms distribution. Next to this layer, both above and below, are a thin amorphous
Si-C structure and a defected single crystalline Si layer. Upon annealing the
crystallites of the middle 3C-SiC layer increase in size, but the layer becomes
somewhat thinner, while the single crystalline Si-layers above and below, grow in
thickness. At the annealing temperature of 1100 °C, the amorphous Si-C layer above
and below 3C-SiC are completely transformed to crystalline 3C-SiC (carbon-rich
region) or d efected Si (Si-rich region) d epending on the ¢ arbon c oncentration. T he
crystallinity and the.grain size of 3C-SiC increase upon the increasing of annealing _
temperature. The average grain size of 3C-SiC increases from ~6 nm for as-implanted
state to ~10 nm for annealing at 1100 °C. (3) The crystallinity of the SiC layer
synthesized by high-dose high temperature C-ion implantation is enhanced by the
low-fluence swift heavy ion bombardment, and favored by higher energy, higher
fluence and higher substrate temperature. The results are explained in terms of

inelastic thermal spike of electronics deposition energy of the projectiles. The
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formation of this nano-crystalline SiC embedded in the Si-substrate, whether by room
or high temperature ion implantation with subsequently thermal annealing or swift

heavy ion beam annealing, might be beneficial for the opto-electronics applications.
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