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ABSTRACT: Electrical circuits on a chip are simulated using software packages with the generic name SPICE. With > 10**6 transistors on a chip, each transistor must have a simple representation in SPICE.

The current/voltage characteristics of a single transistor (MOSFET) are derived from the fundamental equations governing the flow of electrons and holes. These are stiff, non-linear partial differential equations, the so-called drift-diffusion equations. (In the classical limit.) Simple approximations were found adequate in early models, and as device sizes reduced the industry has adapted the formulae empirically to fit data. There now can be more than 400 fitting parameters. To reduce the expense of data acquisition and parameter extraction, there is work progressing on re-visiting the physics to obtain better approximations with fewer empirical constants.
In this talk I give a brief introduction to the modeling of electron/hole flow in a semi-conductor, followed by descriptions of various approaches that yield accurate formulae. Also I shall describe enhanced equations that have been introduced to model quantum effects that are present in ultra-small devices. Results are compared with exact numerical solutions and/or data. Work on new designs (double-gate MOSFET) is progressing, and the carbon-nanotube anticipated.
