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Given that silicon provides the basis for almost all complex microelectronic devices, it may come as a surprise that silicon, alone, is almost incapable of conducting electricity.  Its conductivity is instead provided by the addition of trace amounts of impurities (called dopants) that either contribute or steal electrons from the silicon in which they are embedded.  The concentration of these impurities is typically only about one part per million and this is beginning to create some big problems as microelectronics devices get smaller and smaller.  For instance, a nanoscale transistor might only include a few million silicon atoms.  But one would then be left with only a very coarse means of adjustment:  No dopant, no conductivity vs. one dopant, full conductivity.   Or what if, by chance, the single dopant is at the far end of the transistor: that end of the device would conduct, but the other end would not, unexpectedly blocking the flow of electrical current.  

What is required is a much more subtle way of introducing electrical conductivity.  In this project it is proposed that this might be accomplished by adding single organic (i.e. carbon based) molecules to the surface of silicon crystals.  Some molecules might act as “dopants” contributing or stealing electrons from the silicon to which they are bound.  But other molecules might only “share” electrons.  Such sharing would be facilitated by the fact that, when examined at the nanoscale, rather than tiny hard balls, electrons act more like fluffy clouds that might easily be shared between the organic molecule and silicon.  

This project has already demonstrated that organic molecules can indeed be tightly bound to silicon surfaces.  Further, by carefully designing the precise structure of the molecules, it has been shown that the degree of electron sharing can be subtly engineered.  This has, for example, produced electrically inactive silicon surfaces as well as surfaces where conduction is provided by adjustable addition or subtraction of mobile electrons.  These effects have been verified by both electrical and optical assessment tools, and the results accurately explained by detailed computer-based theoretical models.  And the team is now developing full nanoscale transistor test structures in which the larger technological potential will be assessed. 

[image: image1.png]GATE

Potential Scattering Charge Scattering Vibration Mediated Scattering Phase Scattering




