Project Summary
This proposal will explain how the circuit design and computer architecture communities can create a roadmap/design methodology (DM) that will help bring computationally interesting circuits made from nano-scale devices to realization.  Specifically, it will provide the infrastructure for one nano-scale device – the Quantum-dot Cellular Automata (QCA).  It will also explain how to tailor curriculum, education, and collaborations in order to teach students and researchers what they need to know to best assist in the evolutionary process of nanotechnology.  I will address this problem by working with everyone from the youngest 9th grader to the oldest full professor
The work proposed here will essentially answer the following two questions:  (1) “Can we design and build something in QCA that is better – in a signficant way – than end of the roadmap CMOS?”, and (2) “How can we best prepare students – interested in design or physical science – to assist with, and accelerate a nano-scale systems’ time to realization?”  
Intellectual Merit

The infrastructure needed to answer to the first question:  “Can we design and build something in QCA that is better – in a significant way – than end of the roadmap CMOS?” is the intellectual merit of this proposal.  Thus, it will introduce a design methodology that itself is designed to output computationally interesting and buildable circuits and systems of QCA devices; it not only provides the infrastructure needed to explicitly answer the first question, but also provides insight needed to answer the second question (the broader impact).  The importance of, expected outcomes of, and work to be done in each step will be explained for each step of the DM.  When the complete DM infrastructure is finished, we will be able to address “whether or not it is possible to build computationally interesting circuits and systems that give us ‘wins’ over silicon systems.”  Without such a plan, device development and research in the physical sciences could become just a scientific curiosity.  Specifically, the design methodology will be comprised of:  (1) a parts library for QCA, (2), tools that can be used to design circuits constrained by physical science, (3) simulation tools that can verify a design’s logical correctness and a design’s susceptibility to defects, (4) a methodology for building redundancy into designs, (5) environmental quality models, and (6) tools to simulate and analyze required physical clocking structures.  They will all be used to answer the above question.  Interestingly, even if the answer to it is “No” – using what is currently seen as implementable as bounds on design – the results from the work proposed here will still form a roadmap for physical scientists. This roadmap will detail desirable and needed device characteristics for computationally interesting systems.  Finally, the DM will also provide insight for completing similar DMs for other emergent devices.  
Broader Impact

The answer to the second question listed above:  “How can we best prepare students – interested in design or physical science – to assist with, and accelerate a nano-scale systems’ time to realization?” provides the broader impact of this proposal.  To address this question, I will:  (1) work in a local high school with physics teacher Alan Gravitt to show his students how fundamental physical concepts that they are currently learning about can help change the future of technology, bring his students into my laboratory to interact with me and my students, create design projects for students in his school (using the tools from the DM), give the students feedback on their work, and recruit other faculty at Georgia Tech to participate as well,  (2) work with students at Georgia Tech’s summer nanotechnology camp, (3) develop and teach a new course in computational nanotechnology for undergraduates and graduates (again, using tools from the DM), (4) serve as a project mentor and research advisor for Georgia Tech students and high school students, and (5) organize seminars and workshops to form smarter collaborations between physical scientists and circuit designers.
































































































































































































































































































































































































































































































































































































































































