ECE-656 Key Equations (Weeks 1-15)

Physical constants:
n=1.055x10"" [J-s] m,=9.109x107" [ke]
k,=1380x107 [I/K] ¢=1.602x10" [C] €, =28.854x107" [F/em]

Density of states in k-space:
1D: N,=2x(L/2z)= Lz 2D: N,=2x(4/4n*)= 4/2n’ 3D: N,=2x(Q/8n’) = Qf4n’
Density of states in energy (parabolic bands, per length, area, or volume):
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Fermi function and Fermi-Dirac Integrals / Bose-Einstein function
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Boltzmann Transport Equation:
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With a small B-field, the resulting 2D current equation is jn = GSZ': -O U, (7:: X B) (a)crm << 1)

wo=n, =)/ ()) (o)=()E)/(E)
Isothermal Near-Equilibrium Transport: Summary of Landauer Approach

d
I:%IT(E)M(E)(f] — f,)dE - small bias, isothermal: f, (E)- f,(E) = (—a—gj(qV)

Linear response (also called low bias, near-equilibrium):
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Modes / channels (general):

M(E)= 2! (E))D,, (E) (v (B)=v(E)
ME) =W, =W (0 (E) Doy (E) (v (E)) =2 0(E)
M(E)=AM., = AL(vl (E)D, (E)  (v](E))=0(E)

Modes (Parabolic bands): (E (k) =E +1'k*/ 2m*) Modes (graphene):

M(E)=M,(E)=¢,
2m'(E-E,)
TTh

M(E)=W M, (E)=gW M(E)=W?2|E|/rhv,

m (E_Ec)

M (E)= A, (£)= g 4

Transmission: 7 (E)=
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Mean-free-path for backscattering:

ID: A(E)=2v(E)r,(E) 2D: /I(E):gv(E)rm(E) 3D: /I(E):%U(E)fm(E)

Diffusion coefficient: D, =(v')((1))/2 D,=v, 4,/ D,(E)=(v’(E))A(E)/2
Uni-directional thermal velocity: <v;> =V, = «/ 2k, T / Tm (n » << 0)

Thermoelectric transport:

Coupled current equations (diffusive): J =o0Z -o0SdT/dx J?=ToSE —x,dT/dx
dT
Coupled current equations (inverted): £ =pJ +S d—L Je=mJ -« cé—T
! X X

Transport coefficients:
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n=T,S (Kelvin Relation)
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—e=| L E1)= T=LT (Weidemann-Franz “Law” )
o q A k,T

k
k, (kY
2( £ j <L< %(—BJ (parabolic bands with energy-independent scattering)
q

S*cT
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Thermoelectric material Figure of Merit: z7 =

2k2

. o M (ha))
Lattice thermal conductivity: x, = Jﬂ,ph h(o Tth(ha))d(ha))
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General balance equation

on, -
X:—V°F¢+G¢—R¢
Prescription:
. 1 o o = -1 N o= =
n (7)== 29D f (7. p+t) , =g 29(p)0s (7.5.1)
p p
G,=—gE L3V or P
o= 4 Q< (A <T¢>

Current equation:
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