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Abstract: A drain current model for the full depletion cylindrical gate metal-oxide-semiconductor
field-effect transistor (MOSFET) is proposed to address the issue that free carrier has a signifi-
cant impact on surface potential when deep submicron MOSFET is in the accumulation or inver-
sion region. Accounting for the effects of depletion charge and free carrier, the potential
Poisson’s equation is solved using the gradual channel approximation to get the analytical model
of surface potential which is valid from the accumulation region to depletion region, and to inver-
sion region. The continuous current model from linear region to saturation of cylindrical gate
MOSFET is obtained from the surface potentials of source and drain. The surface potential and
current model are verified by the device simulation software Sentaurus. The results show that the
surface potentials in the accumulation and strong inversion regions tend to be saturated respec-
tively, while the surface potentials in the depletion and weak inversion regions increase as the
gate voltage increases. As the drain voltage increases, the channel is pinched-off which leads to
the invariability of surface potential. The increase of channel doping density causes both rising
the negative bias voltage needed by flat voltage and increasing the surface potential. Comparisons
with the threshold-based models show that the precision of the proposed analytical model im-
proves by more than 16%.
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