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A Brief Summary

Lectures 24: Conductivity
Fermi function: f(E)=1/(1+exp((E! U)/kT))

Current I =% | dE " #D(E) (f,(E)$ f,(E))
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Lectures 57: Electrochemical 7 = O 7 = |_

Potential Profiles
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Lundstrom, Fundamentals of Carrier Transport, Cambridge (2000).

where O(E)= , cf. Egs.(4.33) and (4.60) in

Lectures 810: Scattering Theory of Transport {i’} = [9 {i*} = [ShM] {u*}

" (8]




Two-probeconductance

Y= (g*/h)[I! §I[M]= (q°/h)[M! S] (Total)
Y= (¢*/h)2[I' S][I+S]" [M] (Channel only)
= (@°/h)2[M-S] [M+S]" [M]
Four-probeconductance  S= ;;g g; P= [A]+[C][I! B]''[D]
)

Al [Al[M,], B! [Bl[M,], C! [C][Mg], D! [D][M,]
[P]! [P][M,]=[A] +[C][Mg" B] *[D]
Y, =2 = (/N[ PIM]= (q2/h)[M, " P]
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Lectures 1112, Semiclassicatlensity of states is calculated from E(k) relation by noting

that eab state occupies a volumeg2( /L) in k-space, d being the number of
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Lectures 1323: NEGF equations
"Input”: H -matrix parameters chosen appropriately to match energy levels or

dispersion relations. ! j for terminal 'j' is in general obtained from7; & ; T;T where
the surface Green function OgQOis calculded from a recursive relation:
g =El-a-pgB".
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NEGF equations: .Ul H ,UZ
1.G(E)=[EI' H! "{! "1 " ' ‘1 I 5
2. [G"(E)]=[G! "G"]
3. A(E)=i[G! G']=G"G"'=G™G
4.1 I, =[HG"! G"H]+["G"! G" "|+[""G"! G" "]

4a. 1, ,(E) =%i [HaGha—GhHual &, b Internal Points
4b. I;,(E) = % ((Trace! "A" #G"])  Current/energy at terminal 'i'

4.1 (E)=11 X Trace[GIG'I(,(E) - 1,(E)) (used only ifz, is zerg

J
1%="_f. but T cannot in generalbe written as! . f., has to be calculated self
consistently. For elasticscatterers in equilibrium:
[']=D[q]. [ 1]=D[c"] (S)
where D= U, U, describes incoherent processesD(gr=[U,], [u.) -
Lectures 2432: Spin
Including spin makes all matrices twice as big since each "grid point” has an up and a

down componentAny quantity of interest can be obtainedising the corresponding

operator. For example(per unit energy)spin density =TracgG"/"]/2", spin current



density = Tracgl,/ ]/2" where! is the Pauli spin matrix at the grid point of interest

and zero elsewhere.

oaul soin matrices o |0 L o [0 T, _# 08
auli spin matrices: o, =\ 1, 0, =| . ,.2-9@ o

'Im', n= mnI +I$ #mnp', p
p

. |C$ . _S* " . . 17 i
+ 0" 9, —l’li{ « }’ where C! cos— e#|$/2’ s! sin— e+|#/2
Eigenspinors: #& ¢ 2

Lectures 3337: Energy exchange

lo; = 1dE (E" 1) I,(E)  Energy absorbed per unit time frotterminal 'i'
For inelastic scatterersith dissipation occurring due to interaction with a reservoir
with spectrumD (+/) for absorption and (! ") for emission, replace (S) with
[ "(E)] =D [G"(E#™] and [l (E)]=D(+")[G"(E#")]|+DH+")[G"(E+")
(Note thatG” (E) is the "hole density" given bA(E)! G"(E))
More generally replace (S) with (summation over repeated indices is implied)
[t 1(B)], =Dy, (+)[6" (E# "), and
[FS(E)]”' = Dy, (+€) [Gn(E _3)]k| + Dy (+¢8) [GP(E +3)]k|

LBy = [EY ;[#S(E>]u

Hilbert
Transform

DijkI (+l) — A" TkgT

Scatterers in equilibrium with tempature T, then D, (1)
Ikji \ -

Lectures 3843: Strong correlations

"Strong correlations” cannot be included in mean field treatment, need to start from

multiparticle Hamiltonian H: For equilibrium problems use
1 . . . .
I = Z exp(" (H" uN)/k;T). Expectation alue of any quantity of interest obtained from

corresponding operatdfor example,(N) = Trace(! N,,)

For norrequilibrium problems can use rate equations in multiparticle or Fock space, but

no standard method for including broadening.



