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Summary

Advanced numerical methods have been developed to model the formation of silicon based
nanofilms by recrystallization from the amorphous phase in the presence of stress. Our ability
to model this process has led to a better understanding of the underlying physics, and should
lead to improved electronic device fabrication.

Si-based devices can be greatly enhanced
through alloying with Ge and the imposition
of extrinsic strain. The fabrication of such
devices using conventional ion-implantation
followed by amorphization and solid phase
epitaxial growth (SPEG) is strongly limited
by interface roughening and defect
generation. (SPEG is the process by which
an amorphous solid is transformed to a
crystal.) This roughening is not fully
understood, but is thought to result from a
complex interplay of local interface stress,
composition, and orientation effects.

In this work, we combine advanced
numerical methods and experiments to
explore a possible avenue for decoupling
strain from composition and interface
orientation. Instead we are able to examine
them additively in a controlled manner in an
effort to understand their interaction and
influence on evolution. [1] Experimentally
we study SPEG of B-doped amorphous Si
on crystalline Si. Instead of self stress, we
impose stress mechanically. We analyze the
results using a computational model that

" (865) 574-5790, tsk@ornl.gov

combines the individual factors of stress,
rate enhancing dopants or alloying elements,
and growth kinetic anisotropy.
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Figure 1. Breakdown of geometry and
boundary conditions for the simulation.

Our experiments demonstrate that the B-
doped amorphous Si shows promise for
approximating observed behavior in SPEG



of Si-Ge, illustrating the individual roles of
stress, composition, and orientation played
during morphological evolution.

The simulations were carried out by
coupling boundary integral methods for
calculating stress to the Level Set method
for tracking the moving interface. [2] The
simulations showed a rich interplay between
stress, dopant-gradient, and crystalline
anisotropy in determining growth
morphology. Fig. 1 is a schematic of the
geometry and boundary conditions used in
the simulation. Fig. 2 shows a comparison of
the simulations and experiments for the
interface roughening.
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Figure 2. Interace roughness vs. depth:

Solid lines: our simulated roughness
evolution for stresses of (a) o =-0.5 GPa, Ag
= 6.5 nm, (b) 0=-02.5 GPa, Ay = 5.5 nm;
(c) c=0GPa, Ap = 7.2 nm. Data points are
extracted from reflectivity experiments.

Future calculations will focus on examining
methods for controlling this roughening in
order to improve fabrication methods for
electronic devices.
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