Analytical models of field effect transistors with thin channel 
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All requirements simultaneously set to transistors in a circuit are controversial, therefore, thorough optimization becomes indispensable. The role of computer simulation significantly grows. Nowadays, the varieties of approaches to classical ballistic and all-quantum simulation of nanoscale transistors are in progress [1]. Along with advanced models the analytical and semi-analytical models have their own niche in the process of transistor design. In particular, they could be used for testing and verification of advanced models. As a rule, simulations based on advanced models are extremely time-consuming. On the contrary, simulations with analytical and semi-analytical models are fairly swift. Moreover, just this kind of models can elucidate the extent to which either of transistor parameters influences on its performance. It is crucial, at least, at the preliminary stage of a design. 

Here the analytical model of ballistic field effect transistor with a thin channel (mainly, a MOSFET with ultrathin SOI) is communicated. It allows in a simple and explicit way to take account of the corrections to the threshold voltage caused by a potential barrier originating in the fully depleted channel and heavily doped source and drain contacts, a transversal quantization inside the channel, a built-in charge in the interior of gate oxide and oxide-silicon interface, a channel length and thickness, and a gate oxide thickness and permittivity. We have also obtained the relevant dependences of the subthreshold rolloff and shown that it approaches its fundamental limit at room temperature for relatively thin channel in a single-gate transistor. From the practical viewpoint, it is important to realize that a multi-gate transistor has an alternative which could be much easier manufactured.
The developed ON-state current model to some extent reminds that of Ref. [2] applied for double-gate devices. It is also based upon a supposition of a fairly small non-homogeneity along the channel (small non-locality approximation). As a result, we also argue that a single-gate MOSFET with an ultra-thin SOI layer can demonstrate the performance not worse than that of a double-gate transistor. 
We have also developed a model for one-dimensional and quasi-one-dimensional gated channels such as carbon nanotubes, nanowhiskers, nanowires, and quantum wires. The doubtless advantage of such a structure is a subthreshold swing very close to its fundamental limit that makes the leakage current in OFF-state to be as small as possible. However, the chance to attain to high ON-state current which is vital for application in fast logic circuits (for instance, in processors) is worthy to be clarified. To develop an appropriate semi-analytical approach we used the integral representation of potential on the basis of Green functions of Poisson equation and a subsequent asymptotic expansion over density derivatives along a channel. Afterwards, the one-dimensional classical ballistic model is employed [1, 2]. It allows calculating of current without solving Newton equations of motion. 
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