
Lectures 23: Luminescence



Model: Occupancy Factors
• Two level system:

Intensity is determined by the occupancy factors N

• Absorption in a solid:

Matrix element M and the density of states g(hν)

• Emission in a solid:
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Model: Relaxation Path
Another difference with absorption: narrow emission 
band hν ~ Eg due to fast relaxation



Direct Gap Materials

• Small radiative lifetimes ~10-8 – 10-9 s and high efficiency
• k-vector conservation – vertical transitions

Emission and absorption 
spectra are different!



Indirect Gap Materials



Photoluminescence

Hierarchy of time scales:

Excitation – fastest

Relaxation – fast (~100 fs
or 10-13 s)

Thermalization – fast 
(~1ps or 10-12 s)

Radiative recombination ~ 
1-10ns or 10-8-10-9 s

Nonradiative
recombination - slowest  



Attempting to reduce to two level system
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Straightforward consequence of 3-D case

Fermi-Dirac distribution at T

Different Fermi levels 
for electrons (EF

c) 
and holes (EF

h) 
measured from the 
edges of the 
corresponding bands

Ne = Nh

Lectures 24: Luminescence (continued)



Classical (Boltzmann) Statistics
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Degeneracy



Photoluminescence Spectroscopy



Electroluminescence



Lattice Matching



Junction Electroluminescence
Lectures 25: Diode Lasers



Diode Lasers



Diode Lasers

• Threshold current Ith
• Below the threshould – spontaneous 
emission
• Above the threshould – stimulated 
emission

All characteristics are changed at Ith:

• Output power
• Directionality
• Spectral Properties
• Coherency

l



Diode Lasers
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Optical Refrigerating Breaks Record
J. Thiede, J. Distel, S. R. Greenfield, and R. I. Epstein
Applied Physics Letters 86 154107 (2005)

• A prototype laser fridge cools to 
a record low temperature of 208 K
• Pumped with up to 11 W of 
diode-pumped Yb:YAG laser 
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To observe quantum confinement effects:

∆x < λdeB

• Quantum wells (1-D) confinement (epitaxial
growth)
• Quntum wires (2-D) confinement (etching of 
QWs or patterned substrates)
• Quantum dots (3-D) confinement (self-
organized III-V dots, doped glasses)

Confinement energy > 
thermal energy ∆x
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Size quantization

No size quantization: ∆x > λdeB

Size quantization: ∆x < λdeB

Electron

Electron

Lectures 26-27: Quantum Confined Structures



Semiconductor Quantum Wells
Quantization along z
Free motion along x,y

Multi-QWs: b ≥ 10-20nm
Superlattice: b < 10nm



Separation of Variables
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Infinite Quantum Wells: 1-D problem (z)
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Infinite Quantum Wells: 1-D problem (continued)



If we select 0 in the middle of the well:
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Finite  QWs



Optical Transitions



n=2

n=1
z

Selection Rules

The selection rule ∆n = 0 appears as a result of maximizing the matrix 
element proportional to the overlap of the electron and hole states.
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Optical Absorption



GaAs Quantum Wells


