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Abstract:

Nanoscale devices, whether assembled lithographically3 or self-assembled chemically1,2,6, will have a high probability of failure.  Therefore, any architecture built from large numbers of nanoscale devices will necessarily contain a large number of defects, which fluctuate on time scales comparable to the computation cycle. The challenge for engineers is to develop an architecture that is dynamically defect tolerant.  

In this paper, we propose fault-tolerance Y-junction nanotube-based computer devices and architectures. These Y-junction nano-scale devices have been proven to possess good transistor behavior and they can be synthesized by chemical vapor deposition 4,5.  We use DNA molecules to help alleviate the problems of Y-junction nanotube wiring and positioning at the nanometer scale because of DNA’s self-assembly and molecular recognition abilities. To circumvent the DNA conductivity problem, we substitute the imino proton of each base pair with a metal ion (Zn2+) to alter DNA electronic properties, which controllably converts the normal DNA into Metallic-DNA. In addition, we propose a probabilistic-based design methodology for designing nano-scale computer architectures based on Markov Random Fields (MRF). The MRF can express arbitrary logic circuits and logic operation is achieved by maximizing the probability of state configurations in the logic network.  Maximizing state probability is equivalent to minimizing a form of Gibbs energy that depends on neighboring nodes in the network.  We expect that this relationship will provide an important bridge between physics and computation. Once we develop a library of elementary logic components, we can link them together to build desired architectures based on the belief propagation algorithm7. Finally, we will illustrate the proposed design methodology with some elementary logic examples.
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