6.5 Electrons in solids

Free electron transport properties
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“For an electric field varying as e
bHolds for an arbitrary band structure.

“The charge on an electron is —e, where e is the elementary charge (approximately +1.6 x 1071°C). The Hall
coefficient is therefore a negative number when the dominant charge carriers are electrons.
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Fermi gas

- V 2me / 1/2
Electron density & (E)= 272 ( K2 > E (6.69)
of states” 3InV
Ep)=-— 6.70
g(Er) =5 Er (6.70)
Fermi k = (3n2n)!/3 6.71)
wavenumber
Fermi velocity — vg =hkg/me (6.72)
Fermi energy ki 05
Fermi _Ep
temperature Tr= kg (6:74)
2
Electron heat ~ Cye= % g(Ep)k3T (6.75)
capacity” 20
(T < Tf) "% 6.76
e (6.76)
Total kinetic 3
energy (T _ 0) U() = gnVEF (677)
P M= X;,pH (6.78)
paramagnetism _ " AH 6.79
2E; oK (6.79)
Landau 1
diamagnetism ZHL= "3/ HP (6.80)
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“gas” volume
electronic mass
(Planck constant)/(27)
Fermi wavenumber

number of electrons per unit
volume

Fermi velocity

Fermi energy

Fermi temperature
Boltzmann constant

heat capacity per electron
temperature

total kinetic energy

Pauli magnetic susceptibility
magnetic field strength
magnetisation

permeability of free space
Bohr magneton

Landau magnetic
susceptibility

“The density of states is often quoted per unit volume in real space (i.e., g(E)/V here).
bEquation (6.75) holds for any density of states.

Thermoelectricity
J & electrochemical field?
Thermopower®  &=—+S;VT (6.81) | J  current density
a g  electrical conductivity
St thermopower
Peltier effect H=I1J—-/VT (6.82) T  temperature
H  heat flux per unit area
Kelvin relation =TS, (6.83) ? Peltier coefficient

thermal conductivity

“Or “absolute thermoelectric

bThe electrochemical field is the gradient of (u/e)— ¢, where u is the chemical potential, —e the electronic charge,

and ¢ the electrical potential.
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Band theory and semiconductors

Bloch’s theorem W(r+ R)=exp(ik-R)¥(r) (6.84)
Electron 1
velocity vp(k)= ﬁVkEb(k) (6.85)
Effective mass 0%Ey(k) -1
2 b
tensor mij=h [8ki6kj ] (6.86)
Scalar effective 0%Ey (k) -1
* 2 b
mass® m = [sz ] (6.87)
o lvg] eD
M b 1 t [ jniiy .
obility U E| kT (6.88)
Net current J— E 6.89
density = (epte +nnpin)e (6.89)
3
Semiconductor  p_p, = (ks Tz) (mZm;)>/ e b/ (ks T)
equation 2(nh7)3
(6.90)
eV
I=Iy|lexp| — | —1 691
’ [ P <kBT) } (691
D Dy,
— o2 e
p-n junction Iy=en;A (LeNa LhNd> (6.92)
L.= (Defe)l/2 (6.93)
Ly=(Dyth)"/? (6.94)
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electron eigenstate

Bloch wavevector

lattice vector

position vector

electron velocity (for wavevector
k)

(Planck constant)/27n

band index

energy band

effective mass tensor
components of k

scalar effective mass
=|k|

particle mobility

mean drift velocity

applied electric field

electronic charge

diffusion coefficient
temperature

current density

electron, hole, number densities
electron, hole, mobilities

Boltzmann constant
band gap
electron, hole, effective masses

current

saturation current

bias voltage (+ for forward)
intrinsic carrier concentration
area of junction

electron, hole, diffusion
coefficients

electron, hole, diffusion lengths

electron, hole, recombination
times

acceptor, donor, concentrations

4Valid for regions of k-space in which E,(k) can be taken as independent of the direction of k.
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