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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.
As electronic device dimensions become progressively smaller and fabrication tolerances become more exacting, a fundamental understanding of the underlying physical processes involved in constructing devices becomes more essential.  Important in the development of this understanding is the capability to accurately model fabrication processes.  

Our focus is on modeling crystal growth where stress is an important factor, such as in strained layer heteroepitaxy. Strained-layer heteroepitaxy is a useful tool for device designers looking to enhance and extend the capabilities of Si-based electronic and optoelectronic devices. As a result, an increasing number of Si-based devices involving strained layers are being investigated for use as high-speed field-effect transistors, heterojunction bipolar transistors, photodetectors, etc.  Ion-implantation followed by solid-phase epitaxial growth (SPEG) to restore crystallinity and activate dopants, is potentially a cost-effective fabrication technique.  SPEG is the process in which an amorphous solid is transformed to a crystal. However, the application of the SPEG technique to Si-based nanofilms is currently limited.  The reason is that roughening (instability) of the amorphous-crystal Si interface occurs, followed by dislocation and stacking fault generation, leading to severely degraded materials not suitable for electronic and optoelectronic devices.

The observed interfacial instability has been extensively and independently investigated.  It is well known that the surface of a non-hydrostatically stressed solid is subject to an elastic strain energy-driven morphological instability. Up until recently, little attention had been paid to the effect that stress has on the mobilities of the interface atoms involved in the growth process, and the resulting effect on the interface morphology.  In the absence of ion-implanted impurities, our recent experimental and simulation works [1,2] have demonstrated that the kinetic effect, i.e. the effect of stress on the mobilities, is responsible for the observed growth instability.  

The simulations were carried out using advanced numerical methods in which boundary integral methods for calculating stress were coupled to Level Set methods for tracking the moving interface.  We have extended this computational capability to model Si-based nanofilms in the presence of rate-enhancing dopants (i.e. dopants that increase the local crystallization rate relative to that of pure Si).  This enhanced simulation capability has recently been applied to study the recrystallization of boron doped amorphous Si.  Our simulations accurately predict the interfacial roughening. (See Fig. 1 for a comparison of simulation and experiment and Fig 2 for experimental pictures of the film.)  Future calculations will examine methods for controlling the roughening.  It is this capability that can lead to improved fabrication processes for electronic devices.
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Figure 1.  Interface roughness data compared to simulation for a stress of -0.5 GPa.
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Figure 2.   Experimental results for the evolution of amorphous-crystalline interface: (a) initial, (b) after 90 nm growth and a compressive stress of -0.5 GPa, (c) after 180 nm growth and a compressive stress of -0.5 GPa, (d) after 150 nm growth in the absence of stress. 
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