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BACKGROUND

® Nano-scale MOSFETs with L, < 10nm have been
realized in several research laboratories.

® A quantum mechanical modeling of nano-scale

MOSFETs involving carrier’s quasi-ballistic behaviors
will be indispensable.

» Non-equilibrium Green'’s function approach (NEGF)
» Quantum-corrected Monte Carlo approach (QMC)

|

We present a joint study on comparison between

the NEGF and QMC approaches for a nano-scale
MOSFET.



Quantum-Corrected MC Approach
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Quantum-Corrected MC Simulation
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Quasi-2D NEGF Approach

B 1D Schrodinger equation at each cross-section
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B 1D Green’s function equations along channel direction
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Simulation Model

y BT, =3nm
- [ B, = 1l0nm
l BT, = 15nm
X B Channel: undoped

BN, = 10®%cm-3
(source and drain)

YR-Scatt

€ Drain current as a function of right boundary of scattering, Y IS

calculated.

R-Scatt

€ Only electron-phonon scattering is considered.

€ Only the lowest quantized subbands for 2-fold and 4-fold valleys is
considered in the NEGF method.

€ Drain voltage is 0.6 V. Gate voltage is adjusted so that the injection
electron density at the source edge of the channel becomes identical.
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There is a good agreement between the NEGF and QMC
results, while the classical model underestimates the
drain current.



Averaged Electron Velocity Profiles
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because an increase in the occupancy of the 2-fold valleys due to

the energy quantizatization is not taken into account in the classical
model.



Sheet Electron Density (cm'z)

Energy (eV)

Concentrations and Potentials

YR-Scatt = 20n m

NEGF vs QMC NEGF vs classical MC
5 —— r 1 - 1 T 5 L N L
! —NEGF —NEGF
4 —— quantum-corrected MC _ 4 —classical MC -

Sheet Electron Density (cm 2)
N w

Z 1r
TN 0 10 o o 10
y (nm) y (nm)
| ' I i [ ' I ' |' ' I ' ] | ' I i i I i I i I '
0.2 — NEGF ] 0.2 — NEGF ]
[ —quantum-corrected MC| ] [ —classical MC
or ] ~ Of ]
] P
L
0.2 = -0.2f .
>
-0.4F chj -04F ]
-0.6} -0.6} \ .
080 0 10 08T 0 10



Influence of Impurity and Plasmon Scatterings
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e Impurity scattering in source region
e plasmon scattering at drain-end of channel

are important to estimate drain current of MOSFET.



SUMMARY

® \We have found that the non-equilibrium Green’s
function and quantum-corrected MC approaches are
equivalent Iin the quantum transport simulation of
nano-scale MOSFETSs.

» This result may be applicable to quantum correction models

such as effective potential and Bohm potential, if the subband
splitting is adequately incorporated.

® \We have also demonstrated that the impurity scattering
In the source region and the plasmon scattering at the

drain-side of the channel are important to estimate the
drain current accurately.



