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Fig.3 Calculated bandstructure for silicon nanowire
with 1-by-1nm cross-section and [ 100] crystal The
direct bandgap can be seen.
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Fig.5 Density-of-states (DOS) on the cross-section
of FInFET channel (corresponding to the lowest 3rd
subband in energy)
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Device Simulation of Nano-Scale MOSFETs Based
on Bandstructure Calculation”

Yu Zhiping' and Tian Lilin

(Institute of Microelectronics, Tsinghua University, Beijing 100084, China)

Abstract: As the device channel length keeps shrunk from several tens nanometers to a few nanometers,it has been common-
ly agreed upon that the multi-gate structure (including FinFET) is an effective means for improving the device I,/ I ratio.
For many years, the effects of quantum mechanics (QM) on the carrier distribution and transport in MOSFETs have been
recognized and studied. When the cross-section of a channel is confined to an order of a few nanometers,a more fundamental
issue in solid-state physics arises. That is,the dependence of bandstructure or electronic structure on the geometry of the ma-
terial can no longer be ignored and has non-negligible effects on device characteristics. In this paper,the efficient calculation
of bandstructure in the channel region using the first principles is discussed. The electrical characteristics of devices are ob-
tained through the solution of Schrédinger equation with open boundary conditions, based on the carrier transport parameters
(such as effective mass and mobility) from bandstructure calculation. The relationship between carrier mobilities and the
crystal orientation is also studied,taking into consideration the stress effects on the bandstructure and scattering mechanisms.
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