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Summary: In this paper we discuss a new diserelization method for the inner produet E-J,
which eppears in the hydrodynamic model of the semiconductor equaiions. The obiained
resulls are very satisfactory so long as the mesh is suitably refined in the hot spots of the
simulated device. Thus, an adapiive refinement scheme accounting for eleciron-temperature
varialions {urns oul to be necessary.

Abstract

In recent papers, a new discretization strategy of the semiconductor equations comprising
momentum and energy balance has been proposed [1,2]. A major discretization problem still
to be solved regards the inner product E-J,, (2], which represents the forcing term for carrier
heating. In this paper we address the above problems by proposing a new discretized form
for E - J, and show that, by using a suitable adaptive mesh-refinement technique, smooth
solutions can be achieved with a reasonable number of mesh points.

The proposed discretization scheme for E - J,, is based on the simple vector relationship

E-J, = —div(eJ,) + ¢divl, (1)

By remembering that, in steady-state, div], = qU, U being the net recombination rate, eq.
(1) leads to the following form of the energy-balance equation

Hw,

div(S, + ¢J.) = (gp — wa)U +n (B_) (2)
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where S, is the energy flow and w, is the mean electron energy. The term on the LHS of
(2) can be interpreted as the divergence of the tofal energy flow, while the first term on the

RHS of (2) represents the total-energy density lost per unit time due to recombination.
The discretized form of E - J, at the ith node turns out to be

-5 [“_lii;._-} M] + qu: Ut (3)
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where J.-';- is the projection of the current density over the element side (2,7), dsj is its cross-
section, a;; is the length of the side (i,7) and {); is the arca of the ith box. It is worth
mentioning that (3) does not involve the problem of computing the current density J, in
the ncighborhood of the ith node; rather all the physical parameters appearing in (3) are
either nodal values of scalar quantities or projections of the current density over the sides
emanating from the rth node.



Figure 1 shows a 3-D plot of the carrier temperature in a typical 1 prn FET biased with
Vs = 1V and Vps = 5V. The same plot is shown from a different viewpoint in figure 2,
which clearly exhibits a temperature ridge in the vicinity of the metellurgical drein junction.
As can be seen , the clectron temperature is rather smooth at this refinement level even
around the temperature peak which occurs at the drain end of the channel. This confirms
that the solution adopted for the discretization of E - J, provides satisfactory results, so
long as the mesh is properly refined in the neighborhood of the peak. On the other hand,
due to the difficulty of & priori foreseeing the regions where intense refinement is required,
an adaptive scheme based on temperature variation is necessary. Experiments are currently
in progress in order to combine the solution of the semiconductor equations with such an
adaptive refinement scheme.
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