FUNDAMENTALS OF NANOELECTRONICS

B. Quantum Transport 2.1. Introduction

2.2. Semiclassical Model
2.3. Quantum Model
2.4. NEGF Equations

1. Schrodinger Equation

Contact-ing Schrodinger—

3. Advanced Examples 2.5. Current Operator

2.6. Scattering Theory

o S NI 2.7. Transmission
2.8. Resonant Tunneling

2.9. Dephasing

et e

2.10. Summing up ..

Supriyo Datta May 2015 http://nanohub.org/groups/Inebook



2.1a Introduction

Ely} = [H\y|
Schrodinger + % = NEGF

= E{y} = Quantum Transport Part B
— [H]{w}-
Semiclassical Part A
Transport
Newton + \ -
Entropy-driven
processes '
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2.1b Introduction

E\y} = [H{y}
Schrodinger + % = NEGF

Quantum Transport Part B

_ — _(Vl + V2)N OUTfIOW

+ (S;+8,)Dy, Inflow
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2.1c Introduction

d . -
h—ry = [HIW) ) =
{w}eiEt/h
From boundary
= = : conditions
By = Ely} = H{y N
- [Hl{w} [ Outf
§ Dy s,p, Carmlivl | o
—> D, = dE D(E)€—— +{s1} + {52} Inflow
v N _ ot v N
: N=wyl"2 dy _ ~(y+w)N Outflow
_ W+l// dt
+ (S;+8,)Dy, Inflow
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2.1d Introduction
Ly =Hy

+ (Zl 4 ZZ)W OUT'HOW

+ ($;+5,) ? Inflow?

W o~ (8,+5,)
W+WN (5 +5,)" x(s,+5,)
S1 Dy Sy Dy =88 +88 +Xs, +5
D, = dE D(E) 191 T 979 X2 Xﬁ
€< —
VlN . V2N
N W+ v 62_];[: “(y+v,)N  Outflow
_ v v + ($1+S8,)Dy  Inflow
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2.1e Introduction

Ey=Hy+ (Z,+X,)y+ s

SS—I_""‘ [Zm]
(1) 1,1 1.2 13 °
wwt =il v v =2 ~[G"] .3
V) 31 32 33
——> Dy =dE D(E)€——
e —
B * * * l/jl 1 2 3
gty o= why ={V/1 W2 l//s}ﬂ//z%_x_x_x_
Y3,
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2.1f Introduction
Ly=Hy+ 2Xy+ s
|EI-H-2]lyw = s

R
y = G" {s}
l//+ _ {S}+GA

G = G X G

G* = [EI-H-X]" G = Gty G

A R+
G —[G] W—I— _ GR SS-I— GA

—-iG=G" —-ix==x"
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2.1g Introduction

Ly=Hy+ 2Xy+ s

G" = [EI-H-X]"

51 + % El// = % Gn _ GR Zin GA
LYt Hy —tLY = O <
&T Prlilc?essti;es DEIE
\ Cambridge (1995, 2005)

L= L+, +2 +(20)diss
Keldysh (1965):
Diagram technique for

non-equilibrium processes

D S D L o

diss
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AMAMAL A 2.1h An Example

Semiclassical

C oherent
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Ev=Hy+ Sy+ s Coming up next ..

G* = |EI - H - Z]_l i 2.1. Introduction
NEGF 2.2. Semiclassical Model
Equations 2.3. Quantum Model

>G"-G"Y" yirGR _GAsn 2.4. NEGF Equations
ih " ih 2.5. Current Operator

— GR Zin GA

Current Operator
2.6. Scattering Theory

UNIT 3 2.7. Transmission
More advanced i | 2.8. Resonant Tunneling
I -
examples ! 2.9. Dephasing
1
1
1
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