Silicon Nanoparticle Evaporation and Crystallization in Plasma Synthesis
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Abstract: Plasma synthesis of crystalline nanoparticles (NP) occurs through in-situ anneal-
ing due to selective heating and cooling of the NPs. We report on the modeling of plasma
synthesis of silicon NPs including evaporation and crystallization through tracking of NP
temperatures in capacitively and inductively coupled plasmas (CCPs and ICPs). The impact
of plasma type and operating conditions on NP melting and crystallization will be discussed.

1. Introduction

Group IV nanoparticles (NPs) have a wide range of
applications in the semiconductor, catalyst and biomedi-
cine fields due to their favorable electrical and optical
properties. Nonthermal plasma synthesis is a method to
control NP size uniformity and produce crystalline NPs.
Prior experimental and computational work [1,2] have pro-
posed that the crystallinity of NPs synthesized in plasmas
is likely the result of stochastic particle heating by surface

and ion-driven collisions, and cooled by radiation and elas-
tic gas collisions. Small particles (< a few nm) can be
heated above their annealing temperatures, after which
crystallinity is maintained by epitaxial growth. The NPs
can also be heated to the degree that they will evaporate,
thereby reducing their size. Particles must statistically sur-
vive this intense heating and evaporation stage in order to
grow to sizes greater than several nm. For example, NPs
0.75 nm in radius may statistically evaporate in 0.35 ms
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3. NP Evaporation, Annealing and Growth
NPs in nonthermal plasmas grow by accretion of radi-
cals and are heated through stochastic neutral chemistry
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