Modeling of Electron
Transport in Thin Films

with Quantum and
Scattering Effects

Anuradha Bulusu

Advisor: Prof. D. G. Walker

Interdisciplinary Program in Material Science
Vanderbilt University

Nashville, TN




Viotivation

L =~ A ]

Gate

Insulator
e tunneling

Device de Broglie

quantum and S e

scattering effects

Channel
e scattering
e confinement

Drain

cannot be ignored.

Insulator

e L

device

equilibrium no-longer valid 0 BTE moments cannot be

applied to extreme non-equilibrium.

<1 [ assumption of minimal deviation from local

* Increased need for microelectronic device simulation models

that incorporate both quantum and scattering effects without

being computationally intensive.




Nanoscale Device Vodels
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Advantages of Non-Equilioriurn Green's Function
Metnhod

B |ncorporation of quantum interference effects such as
tunneling and diffraction, not possible through the
Boltzmann equation.

® Mathematically accurate approach to include rigorous
scattering (electron-phonon scattering, surface
scattering etc).

® Eliminates periodic boundary conditions as outgoing
waves are planar.

® Multiscale formulation: Can be used to solve atomistic
systems to mesoscopic systems.



Non-equiliorium Green’s Function rorralism
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Nonequilioriurn Green’s Function Metnod
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Obtain terminal currents
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inflow and outflow
electron density p
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Example of a Very-Srnall Scale Device Proolem
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Source |Device Drain
y U1, 21 E, 2, H2, 22
Y
M1 — M2 =qV

2-D nanoresistor
connected to source
and drain contacts.

L 1,1 2-source and drain
chemical potentials.

Energy states along
Z-axis are quantized.

Electron-phonon scattering assumed to be independent of

gla@non Bre(gy.

e.g.D,=0.1eV= 0 E = 20meV
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|-V Characteristics of Silicon Tnin Fllrns witn
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Resistivity (Ohm-m)
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* Continuous density of
states from source and

fap drain contacts spill over
/ into the channel causing
0.015 energy level broadening.
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Increase in phonon energy from 0 to 20m eV for various resistors
increases corresponding channel resistivity by a factor of 4.



Thermoelectric Properties of Silicon Tnin Fllms
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Predicted Seebeck coefficient value of 2501 V/K matches well

with experiments. (Geballe, T. H. et.al, Physical Review, 98, 4, 1955).



Seepeck Coefmicient tor SiGe Superlal
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Calculated Seebeck value of 100 p V/K matched well with

experimentally measured values of 3121 V/K (B.Yang et. al.
Applied Physics Letters, 80, 10, 2002).
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Conclusions and Future YWork

® The NEGF formalism successfully couples
guantum effects with electron-phonon scattering.

® A 33% to 70% drop in channel current was
noticed due to near-elastic electron-phonon
scattering.

B Predicted Seebeck coefficient values are in good
agreement with experiment for Silicon and SiGe
superlattices.

B Extension of the present work to include energy-
dependent electron-phonon scattering.
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Non-equilioriurn Green

Modified wave equation [, ,;745 +5 45 T
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