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Optical transitions in semiconductors

• Band-to-band (interband) transitions will be the focus of this course
• Most relevant interband transitions occur at the “bandedge” such that

the photon energy is roughly:
• In terms of wavelength:
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Energy band diagram
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Momentum conservation
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• Energy conservation:

• Momentum conservation:
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Optical transitions
are vertical transitions in k-space



Direct vs Indirect bandgap



Valence band

𝐸

𝑘

Split-off

Conduction
• Three primary valence bands:

➢ Heavy hole
➢ Light hole
➢ Spin-orbit split-off

• Heavy-hole has higher mass then
light-hole and therefore larger
density of states. Most holes
will occupy heavy hole states.





Fermi-Dirac function
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g(E): Density of states
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Bloch Theorem
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𝜓 𝒓 = 𝑢 𝒓 𝑒𝑖𝒌⋅𝒓 (Bloch Theorem)

V 𝐫 = V(𝐫 + 𝐑)

𝑢 𝒓

𝑒𝑖𝒌⋅𝒓



Bloch Theorem (1D proof)

𝑎

Linear chain of N periodic atoms
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Bloch Theorem (1D proof)

( ) ( )x x Na = +

Periodic boundary condition
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=Note: N is very large therefore
radius of curvature of this circle will
be very large unlike what is drawn here.



Bloch Theorem (1D proof)

/ )   0,1,2,..., 1exp(2C is N s N= = − (roots of unity)
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Envelope wave function
𝐸

𝑘

General linear superposition of Bloch states
(i.e. a wave-packet)
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Assumptions:
(1) Include only one band
(2) Expand near k=0 and 

assume 𝑢𝑘 𝒓 ≅ 𝑢0(𝒓)𝐸𝑘 =
ℏ2𝑘2

2𝑚𝑒
∗ + 𝑉(𝑟)

kinetic
energy

potential
energy



Envelope wave function
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Schrodinger equation in terms of envelope wave function and macro potential
Periodicity of crystal potential is captured in 𝑚𝑒

∗



Envelope wave function

Figure from Coldren et al. Diode Lasers and Photonic Integrated Circuits



Density of states
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Number of states per unit length:
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Linear chain of N periodic atoms in k-space

(Factor of two from spin degeneracy)



Density of states
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Number of states per unit area (2D crystal):
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Number of states per unit volume (3D crystal):
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Density of states (3D)
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(conduction band)
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Carrier density
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(Boltzmann)

(Degenerate)

(Fermi-Dirac
integral)


