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ABSTRACT

Application of the conventional drift-diffusion model to certain sub-micron devices may be
inappropriate due to hot carrier effects. These may include localized velocity saturation
overshoot and impact ionization. Silicon device models based on the conservation of carrier
momentum and energy have been shown to model such effects more accurately. However, to
date, these energy-momentum transport (EMT) based simulators have been limited in scope or
designed for specific device application only. This paper describes the implementation of an
EMT model {1] into the modular semiconductor device simulation tool CHORD {2]. The simu-
lator fully couples energy-momentum transport equations for electrons and holes with the lattice
heat equation in two space dimensions and time. Our EMT model is basically a hydrodynamics
based formulation [1]. The EMT model is designed to be consistent with the general purpose
nature of the CHORD simulation system ([2] and thus can accommodate arbitrary device struc-
tures and bias conditions. A major strength in the CHORD system is that it allows for the addi-
tion of new models with minimal interface between the user and the simulator infrastructure.
Passive elements such as resistors or capacitors can also be attached to a terminal of the device
under test.

Using our EMT model we succesfully modeled small geometry MOSFET and CMOS dev-
ices including latchup. In this paper we shall describe our EMT computer model and also give
some typical results on devices. The model and general expressions for carrier generation (GR),
carrier energy scattering (T, scan Tp scar) @nd lattice heat loss/gain (T 4,,) have been developed

and are listed below. In this abstract we also give a contour temperature plot of a short channel
MOSFET device.
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Figure 1: Electron temperature contour plot for an nMOS transistor with a 0.1 pm channel

length. Contours represent a change in temperature of 100K. Bias voltages are shown on the fig-

ure.
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