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THE EFFECTIVE QUANTUM POTENTIAL

As device sizes decrease, the standard mean-field
theory for the treatment of electron-electron forces
becomes less applicable. Motivated by this fact,
effective quantum potentials have been established
as a proven way to include quantum-mechanical
effects into Monte-Carlo (MC) device simulations.
The pseudo-differential operator for the effective
quantum potential we build on here is based on a
perturbation theory around thermal equilibrium [1],
[2] and was first derived in [3]. The approach was
generalized in [4] to the general N-body problem,
i.e., particle-particle interactions. In this work we
present 3D MC device simulation results obtained
from this formulation.

SIMULATION RESULTS AND DISCUSSION

The effective quantum potential is shown in Fig. 1
and Fig. 2. The SOI device used here (Fig. 3) has
the following specifications: gate length is 10nm,
the source/drain length is 15nm each, the thickness
of the silicon on insulator (SOI) layer is 7nm,
with p-region width of 10nm makes it a fully-
depleted device under normal operating conditions,
the gate oxide thickness is 0.8nm, the box oxide
thickness is 140nm, the channel doping is uniform
at 1.45 · 1010cm−3 (intrinsic/undoped), the doping
of the source/drain regions equals 5 · 1019cm−3,
and the gate is assumed to be a metal gate with
a work-function adjusted to 4.188. The device is
designed in order to achieve the ITRS performance
specifications for the year 2016.

The distribution function (Fig. 4) shows that
inclusion of quantum potential leads to an increase

of the high energy tail of the electron distributions
at the transition from channel to drain.

The simulated output characteristics are shown in
Fig. 5 with an applied gate bias of 0.4V. Noticeable
is the reduced short-channel effects even with an
extremely low channel doping density. Inclusion of
quantum potential significantly reduces the drive
current and transconductance and increases the de-
vice threshold voltage as observed from the slope
of the linear region. One can also see that the
impact of quantization effects reduces as the drain
voltage increases (increase in energy) because of the
growing bulk nature of the channel electrons.

CONCLUSION

We showed the applicability of a novel effective
quantum potential not using any fitting parameters
for the N-body problem to 3D MC device simu-
lations. The inclusion of particle-particle interac-
tions, as opposed to the classical Coulomb potential,
shows a notable difference in the current-voltage
characteristics.
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Fig. 1. The effective quantum potential (EQP) compared the
Coulomb potential. For the EQP the momentum vectors are
(p,0,0) and (−p,0,0) for the opposite momentum curve and
(p,0,0) and (0, p,0) for the normal momentum case where
p := 5.40275 ·10−26.

Fig. 2. The effective quantum potential due to the barrier.
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Fig. 3. The structure of the simulated 3D device.
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Fig. 4. Distribution function.
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Fig. 5. Current-voltage characteristics for a gate bias of 0.4V.

Fig. 6. The electron distribution in the device during the
simulation.




