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Preface

Everyone is familiar with the amazing performance of a modern smart
phone, powered by a billion-plus nanotransistors, each having an active
region that is barely a few hundred atoms long.

These lectures, however, are about a less-appreciated by-product of
the microelectronics revolution, namely the deeper understanding of
current flow, energy exchange and device operation that it has enabled,
which forms the basis for what we call the bottom-up approach.

I believe these lessons from nanoelectronics should be of broad
relevance to the general problems of non-equilibrium statistical
mechanics which pervade many different fields. To make these lectures
accessible to anyone in any branch of science or engineering, we assume
very little background beyond linear algebra and differential equations.
We hope to reach all those who have an interest in basic physics, even if
they are not specializing in devices or transport theory.

For dedicated graduate students and the experts, I have written
extensively in the past. But they too may enjoy these notes taking a fresh
look at a familiar subject, emphasizing the insights from mesoscopic
physics and nanoelectronics that are of general interest and relevance.

Finally I should stress that these are lecture notes in unfinished
form, with typos included to enhance the readers’ attention, as my
colleague Gerhard likes to put it. With your feedback and suggestions, I
hope to have a better version in the future, one that requires less
attention!

April 21, 2012 Supriyo Datta
Purdue University
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Some Symbols Used

Constants
Electronic charge -q
Unit of Energy leV
Planck's constant h
h=h/2rx
Boltzmann constant k
Free electron mass my
Effective mass m
Other Symbols
1 Electron Current
(See Fig.3.2)
Vv Electron Voltage
U Electrostatic Potential
u Electrochemical Potential

- 1.6e-19 coul.
+ 1.6e-19 Joules
6.626¢€ -34 Joule-sec

1.055e -34 Joule-sec

1.38e-23 Joule / K
~25 meV /300K
9.11e-31 Kg

amperes (A)

volts (V)
eV
eV

(also called Fermi level or quasi-Fermi level)

Q™I g‘-’”’

Equilibrium
Electrochemical Potential

Resistance
Conductance

Conductance at OK with po=E

Diffusivity
Mobility
Resistivity
Conductivity

eV

Ohms (V/A)
Siemens (A/V)
Siemens (A/V)

m? /sec
m? /V-sec

Ohm-m (3D), Ohm (2D)

S/m (3D), S (2D)



ORI

J(E)

-3%)

(%)

D(E)
N(E)

M(E)

Vv
y=hv

X

H
GM(E)

GNE)=[G"(E)]* (Matrix) Advanced Green’s function

G"(E)I2x
A(E) 27
['(E)
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Area
Width
Length

Energy
Fermi Function

Thermal Broadening

Function (TBF)

Normalized TBF

Density of States

Number of States with Energy < E
Equals Number of Electrons at 0K
with py=E

Electron Density (3D or 2D or 1D)
Number of Channels

(also called transverse modes)
Temperature

Transfer Time

Transfer Rate
Energy Broadening

Complex conjugate of

transpose of matrix

(Matrix) Hamiltonian

(Matrix) Retarded Green’s function

(Matrix) Electron Density
(Matrix) Density of States
(Matrix) Energy Broadening

2

m
m
m

eV
Dimensionless

/eV

Dimensionless

eV
Dimensionless

3
/m® or /m” or /m
Dimensionless

degrees Kelvin (K)
seconds

/second
eV

X7
eV
/eV
/eV
/eV, per gridpoint
/eV, per gridpoint
eV
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