Exercise for MOSFET LAB: Long Channel vs. Short Channel Device
Dragica Vasileska (ASU) and Gerhard Klimeck (Purdue)

It is well known that for long channel devices one can apply the gradual channel approximation and consider the MOSFET as a one-dimensional object. This is not true in nanoscale devices where transport is definitely two-dimensional. In addition to this observation, at small gate length scales, because the gate voltages do not scale proportionally, the carrier velocity saturates due to phonon intervalley scattering in Si material system. This behavior is shown in the Figure below.
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Bulk Monte Carlo simulations that illustrate the velocity saturation effect in silicon. Current simulations refers to the simulations performed by Xiaojiang He at ASU.

Because of the velocity saturation effect, the IV-characteristics in saturation regime are no longer proportional to (VGS-VT)2 but they become proportional to (VGS-VT) which means current no longer increases quadratically with increasing gate voltage but has a linear dependence on the gate voltage VG. The gate-length at which velocity saturation effect starts to become important can be calculated by equating the long-channel and the saturated current characteristics. This is done below, from where it follows that:
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Now, if we assume the electron mobility to be 500 cm2/V-s, VGS-VT = 5 V, and the saturation velocity to be 107 cm/s, we get that the critical length bellow which velocity saturation effects become important is 1.25 μm. 
This simplified analysis suggests that if we are going to examine a device with channel length 200 nm we definitely must include in the model the velocity saturation effect. Simulate the output characteristics of 200 nm channel length device with the MOSFET Lab on the nanoHUB to illustrate this behavior. Use oxide thickness = 3 nm, channel doping = 1017 cm-3 and substrate doping 5×1016 cm-3. The gate voltage VGS varies from 1.4 V to 1.8 V in 0.2 V increments. Three curves are sufficient to illustrate the linear dependence of the drain saturation current upon the gate bias.
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