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Nanoscale Computing
From the assigned reading it is obvious that scientists and engineers will quickly approach the limit of Moore’s Law, using CMOS technology.  As devices get smaller and smaller the semiconductor industry faces problems such as “power density, interconnect scaling, defects and variability, performance and density overkill, design complexity, and memory-bandwidth limitations.”  Nanotechnology has been identified as a feasible replacement to CMOS technology in addition, molecular, optical, or quantum devices which could be integrated with CMOS logic to create hybrid systems.  However, the new technologies which can further Moore’s Law, are still in the research phase and not without problems, mainly reliability [1].  
As the end of CMOS technology is clearly in sight, it is necessary to search for suitable replacement technology before there are no other options for improvement in the current methods.  The articles gave a glimpse as to why the scientific community must explore architectures that exploit nanotechnology’s benefits and minimize its pitfalls.  One solution to issues with reliability is to create redundant circuitry.  But a question that arises is how much redundancy is needed if faults are caused by flawed devices.  It is my opinion that the better solution is to refine the technology and integrate the reliable devices into CMOS logic.
“The current silicon-based technology has been a ‘top-down’ approach, starting at the macroscopic level, going downward to smaller and smaller size while achieving faster computing and higher density of memory along the way.”  To combat the limitations caused by reducing feature sizes, a   “bottom-up” approach has been explored.  This means that future computers will consist of basic computing elements which will be atoms and molecules of nanoscale such as carbon nano-tubes. The systems will be constructed from these elements.  “Computing by carbon nano-tubes, with such positive features as nanometer-sized diameters, potential speeds in the pico-second range, and less electron scattering, is very attractive as an approach to next-generation computing components.”  This technology shows great promise as logic gates and memory cells have already been fabricated using these nano-materials.  The next step for this technology is to implement these devices into more complex integrated circuits; however the authors believe the use of these devices “may come sooner under an alternative operating mechanism, such as nano-electromechanical switches for high-speed, high-density memory in RAM and flash memory [2].”
Other methods which use nano-technology for specific device structures are also being investigated.  Figure 1 shows an illustration of a nano-imprint used to create a wire pattern, which could be used for CMOS interconnects or memory arrays.  This appears to be the best short term solution to the problems with current silicon technology.
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Figure 1
The advantages of the nano-wires include, an increase in chip density and a reduction in interconnect capacitance.  If interconnects can be fabricated utilizing nanotechnology, more space on the chip can be used for active CMOS devices.  Also, the wires can be used to create memory arrays, by placing an active layer across the nano-wires.  Memory is notorious for taking up space in logic circuit designs.  The replacement of these modules with nano scale arrays will result a huge space savings, in chip designs.  An example this type of nano-memory can be seen in Figure 2 [3].  
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Figure 2

Replacing interconnects with nano-wires will reduce the size, intern reducing the parasitic capacitance which hinders device performance.  The use of this can be seen in a hybrid technology called a field-programmable nanowire interconnect (FPNI) from Figure 3.  “The basic idea is to make a hybrid nanoswitch/CMOS chip, using the switch components only for configurable interconnect, and using standard CMOS microcircuitry for all other functions, such as logic and configuration of the interconnect [3].”  These applications help prove that hybrid CMOS designs can have many short term advantages, when it comes to scaling down integrated circuitry.
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Figure 3
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