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Abstract:
Real-time quality monitoring is considered essential for the translation of various ultraprecision and nanomanufacturing
technologies into viable industrial processes. For instance, many microelectronics and structural applications necessitate
precise in situ control of the lengths of carbon nanotubes (CNTs) and other nanostructures. Atomistic Monte Carlo (MC)
models are particularly suited for real-time monitoring of nanomanufacturing processes as they can bridge the timescales of the complex nanostructure growth mechanisms (picosecond range) with the time-resolutions of online sensors
and characterization instruments (10-3–102 sec). However, computational overhead currently limits MC models to
simulating only the early stages of nanostructure growth from nanomanufacturing processes.
This talk will introduce an approach to speed-up MC models for real-time monitoring and control CNT lengths in a
chemical vapor deposition process. The approach is based on a finding from simulation experiments that the CNT
growth process exhibits nonlinear and recurring near-stationary dynamics. Topological characteristics of this complex
dynamics are employed as part of a nonparametric local Gaussian process (LGP) meta-model for predicting the
nanostructure evolution. Initialization of the relaxation procedure (the most computationally intensive step in MC
simulations) with LGP predictions reduces the simulation time by an order of magnitude (70-80%) compared to
conventional atomistic and meso-scale models, leading to the growth of one of the longest (~194 nm) reported CNTs
from atomistic simulations. Extensive simulations and limited experimental studies indicate that the length estimates
together with intermittent measurements from characterization instruments can be used to control CNT lengths to
within 1 nm of the specifications.
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