
Square potential Wells



How many electrons are in a material?

g(E): Density of states (DOS) (two electrons per state)
f(E,μ): Fermi distribution (μ=Ef)

If electrons are described by plane waves then the energies that can occupy are given by



Current flow

Quasi Fermi levels: F+ is the energy level when the states with kz > 0 are half full, 
F- is the corresponding energy level for states with kz < 0. 



Metal vs Insulator

If there are no electrons between F+ and F-, then the material is an insulator and cannot 
conduct charge.



Metal vs Insulator



Degenerate case: EF-EC>>kBT



Non-degenerate case: EC-EF>>kBT



Particle in a “box”

Confinement: the size in a dimension is equal to the electrons wavelength
Un-confined electrons are assumed as plane waves



Bulk material (3D)
k-space = F (x,y,z) Only discrete values are allowed. Each point defines a state. 

The minimum distance in any axis between two states is
Δk=2π/L

Volume of the material: V=LxLyLz

What is the volume occupied by one state?
Δk3=ΔkxΔkyΔkz=8π3/V
How many states do exist in an elementary sphere of
radius dk?
dV(k)/(8π3/V)=4πk2dk/(8π3/V)
For electrons these states must be multiplied
By 2 (spin-up, spin-down)
But E=(h/2π)2k2/(2m) -> k=(2π/h)(2mE)1/2

So the density of states per per unit of energy
per electron is



2D material
The minimum distance in any axis between two states is

Δk=2π/L
Area of the material: A=LxLy

What is the area occupied by one state?
Δk2=ΔkxΔky=4π2/A
How many states do exist in an elementary area of
radius dk?
dA(k)/(4π2/A)=2πkdk/(4π2/A)
For electrons these states must be multiplied
By 2 (spin-up, spin-down)
But

So the density of states per per unit of energy
per electron is



1D material
The minimum distance in any axis between two states is

Δk=2π/L
Length of the material: L=Lz

What is the length occupied by one state?
Δk=2π/Lz

How many states do exist in an elementary length dk?
dL(k)/(2π/L)=dk/(2π/L)
For electrons these states must be multiplied
By 2 (spin-up, spin-down) and by 2 (left, right)
But

So the density of states per per unit of
Energy per electron is



DOS scaling rule



Potential well

Vx(x) = 0
Vy(y) = 0
Vz(z) = V0 u(z-L) + V0 u(-z)

Ψ(x,y,z)=Ψx(x) Ψy(y) Ψz(z)
zL0

V0

u(z)=1  , z<0 else 0.



…flash back



Note



Solution in 1D

V=V0≠0
x0=-L/2, L/2

Calculate A, B, C, and D



Infinite Quantum Well

V0 ➔∞, a ➔∞

ψ=0 then kL=nπ 



Potential well



The End

THANK YOU
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