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It has been shown that energy transport and Monte Carlo calculations of hot carrier transport in
MOSFET’s seldom yield the same results [1]. The reason for this discrepancy is that the assumptions made in
deriving the energy balance equations are too restrictive. In recent years, less restrictive energy balance equations
have been developed [2,3,4] These equations have been shown to predict hot carrier characteristics that match
Monte Carlo calculations to a greater extent [3]. Here, we investigate the Monte Carlo calculation of the electron
temperatures and effective mass as used in the general hydrodynamic model and present relations for the simple

incorporation of these parameters into present energy transport device simulators.
Making no assumptions on the band structure of silicon, two electron temperatures are obtained in the

derivation of the conservation equations. One, T,, is found in the momentum equation and the other, Tw, is

found in the energy conservation equation. They are defined as:
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Tv and Tw were calculated using Monte Carlo techniques. The Monte Carlo parameters and models used
are those described in [5]. A simple non—parabolic band was assumed of the form w(l + aw) = ¥k'k/2m.. Fig-

ure 1 shows a comparison between kpTr(T,)/2 and kgTr(T,)/2 as a function of average carrier energy for elec-

trons in  silicon. It is seen that T, can be simplified to an analytical form:
w = (1/2)m*(w)v(w)? + (kp/2)Tr(T,). By  normalizing w to w’ using  the  expression
w' = w(l+aw)/(1+2aw)?, T, can be cast into a similar form, that is,

w' = (1/2)m*(w " )v(w)? + (kB/Z)Tr(Tv). Figure 2 shows this relationship. By ignoring the kinetic energy term
introduces less than 15% error for the T,, energy relation and less than 7% error for the Tw energy relation.

Continuing to use the same energy-wavevector relationship as shown above, the components of the effective

mass tensor as used in the equation of momentum conservation are defined as:
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The off diagonal elements will be ignored here since their values were found to be negligibly small. Figure 3

shows results of Monte Carlo calculations of Tr [1/?} /3 as a function of energy. We can see that the expression

m*(w) = mJ(1+2aw)/ 1—MJ, directly derived from the differentiation of the energy-wavevector rela-

3(1+2aw)?

tion is a very reasonable representation of the Monte Carlo calculation.

We have shown Monte Carlo calculations of electron temperatures and effective mass. Relations were
shown that approximate the Monte Carlo data to recasonable accuracies. We believe that these relations can be

used in present energy transport simulators to more accurately calculate hot carrier transport.
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Figure 1. Monte Carlo generated temperatures for

electrons in silicon. The calculation of T, assumes a
constant effective mass whereas the calculation of T,
assumes that the effective mass is dependent on the
wavevector. By adding the kinetic energy to T, we
find a simple relationship between T, and average
carrier energy. The symbols indicate Monte Carlo
data and the lines are drawn through the data for
case of visualization.
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Figure 2. Monte Carlo generated temperature T, for
electrons in silicon. By scaling the average carrier

energy we see that a simple relationship between T
and average scaled carrier energy can be formed.
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Figure 3. Comparison of Monte Carlo generated effec-
tive mass and an analytic expression for the effective
mass as a function of average carrier energy for clec-
trons in silicon. We can see a very good {it between
the expression and the data.



