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3.1a Introduction

Resistance Is associated with
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3.1b Introduction

-V
Where Is the voltage drop?
channel
What Is Voltage ?
z=0 z=L
lul I Common answer

\ " Electrostatic Potential

\ || o, dU

\ J~ ogF ~ 22—

qlV NG XJ= o~ 0%
| N\

Correct answer
n n Electrochemical Potential

Ry L Ry J~ o dH
2 R,— 2 qg dz
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= What is Voltage? 3.1c Introduction
E

Equilibrium

U is difficult
to define under
non-equilibrium

conditions
dan on d
Electron g— S og= _%0 H
Current dz g dz

DRIFT DIFFUSION
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3.1d Introduction

Electrostatic
Potential

channel

Electrochemical
Potential

Hy---
/U z T 0 z T L McLennan et al.
1 Phys. Rev. B43,
13846 (1991)
NEGF-based 5 __ u
Calculation 2
o Boltzmann
|| I u is difficult é) ’['a -
H> o define under olalellle
Ry I Rs non-equilibrium ;90 du
2 Ry Z 2 conditions g dz
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3.1e Introduction

Spin Potential

M Quasi-

N — Fermi

& p
Levels
Topological ,
Insulators (QFL’s)
du ~ Nlll Spin-momentum N TE——
I H , locking e .
y7A quation
Ry [ Rg J— _0oau
2 RBZ 2 qg dz
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Coming up next ..

3.10. Summing up ..
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3.2a A New Boundary Condition

L
channel L
Ry= Ry + RBZ
,V.V.NW.V.V V.V, Resistance is associated with
Rp R £ »> Voltage drop: IR
2 B 2
L. j= Geddn A,
:lk g dz dz
\ [
AN I
(AR N P
|| \\ | dz L 9
|| ! Instead of
I I 1 0. 4
z=0 z=L Mo [ = —— -
gL+ (ﬂl H, )
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3.2b A New Boundary Condition

L
channel
Equation is fine !
il NN /NN /NN L
R L
TBRB_ I _O'OAdﬂ,g:O
A q dz dz
H, || ||
\ ||
D | Boundary condition is wrong !!
n n
qV :\l
SRS uz=0)= 4,
n n
2=0 z=1 uz=L)=

Supriyo Datta <PrNg 2015 http://nanohub.org/groups/Inebook



-V 0,4 =GzA3.2c A New Boundary Conditior

L - c,A du
channel = g dz
z=0 z=L
H, || ||
\ ||
I\ ||
y \ ||
|| ||
g :N\l
|| N
|| \
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3.2d A New Boundary Condition

L
channel [ o, 4 du
q dz
z=10 z=1 Same equation !
H, ) ) N
\ || New boundary condition !!
n n
v o\ ||
n n
. :\\|
n \
|| |
H
Kp Kp
2 2
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Coming up next ..
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3.3a Quasi-Fermi Levels (QFL’S)

L

channel

IS e
l I T y75
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L 3.3b Quasi-Fermi Levels (QFL’S)

channel

z=0 z=1L
e .

e e -
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L 3.3c Quasi-Fermi Levels (QFL'’S)

channel

Lafayette Chicago
z=0 z=L
e L —
| T |
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3.3d Quasi-Fermi Levels (QFL’S)

L

channel
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3.4b Current from QFL’s

I'= L M) * r(E)dE

h
So + D(E)ﬁ +
~ I = * * E dE
N q* == *[(E)
[
. D(E)dE 1
H, I'= g* *fE) * —
2 L/u
1~ Ce ) 2 LE
q f t
Number of Time
right-moving electrons spent
Graduates = #of students * !
year Years spent

Supriyo Datta <PrNg 2015 http://nanohub.org/groups/Inebook



3.4c Current from QFL’s

I = %M(E) * ((E)dE
[=I"-T

= L M(E) * ([ (E)-f(E)) dE

M,= [ M(E)* [—Z—fg] dE
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3.4d Current from QFL’s

p-p = (- ) &
T 2 L—l—/l

L G
pt- = (ul—uz)G—Z
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H,
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E
H—H, = qV | ¢
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V= V(Q1-T)
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3.5¢c Landauer Formulas

== qVy
oV= V{1-T)
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Q 3.5d Landauer Formulas

Two approaches
to making it
‘concrete”

|| T 4.6. Measure with a probe
4.7. Electrostatic potential
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