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 Absorption coefficient
• Direct semiconductors
• Indirect semiconductors
• Tauc plot

 Optical phenomena in real crystals
• Urbach tail
• Amorphous vs crystalline
• Excitons
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𝑤𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ (λ)

Wave-particle dual nature

𝑬 =
𝒉𝒄

𝝀
= 𝒉𝝂 = ħ𝝎
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Light absorption

Lambert-Beer’s law

Light propagation in vacuum 

𝐸 𝑧, 𝑡 = 𝐸0 ∗ exp[𝑖 𝑘𝑧 − ω𝑡 ] 𝑤ℎ𝑒𝑟𝑒 𝑘 =
ω

𝑐

Propagation velocity in an absorbing medium 

𝑣𝑝 =
𝑐

ň 𝑘 =
ňω

𝑐
𝑤ℎ𝑒𝑟𝑒 ň = 𝑛 + 𝑖κ

Light propagation in an absorbing medium 

Complex refractive index

𝐸 𝑧, 𝑡 = 𝐸0 ∗ exp −
κω

𝑐
𝑧 ∗ exp[𝑖

𝑛ω

𝑐
𝑧 − ω𝑡 ]

𝐼(𝑧) = 𝐸 2 = 𝐸0
2 ∗ exp −

2κω

𝑐
𝑧 = 𝐼0 ∗ 𝑒𝑥𝑝 −

2κω

𝑐
𝑧

𝑰 𝒛 = 𝑰𝟎 ∗ 𝒆𝒙𝒑 − 𝜶𝒛
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Band to band absorption

GaAs Si

ħω1 ħω2

Vertical transitions Non-vertical transitions
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Photon absorption in direct semiconductors

ħω

Conservation of Energy

𝐸𝑣 = −
ħ2𝑘2

2𝑚ℎ
∗

𝐸𝑐 = 𝐸𝑔 +
ħ2𝑘2

2𝑚𝑒
∗

ħω= 𝐸𝑔 +
ħ2𝑘2

2

1

𝑚𝑒
∗ +

1

𝑚ℎ
∗ = 𝐸𝑔 +

ħ2𝑘2

2𝑚𝑟
∗

𝟏

𝒎𝒓
∗

From
DOS

Joint Density of States (density of states available for a transition ħω)

Gradient of Ec - Ev in 
k-space

g(E) ∝ 𝑬

𝒈 ħ𝝎 ∝
ħ𝝎 − 𝑬𝒈

ħ𝝎
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Photon absorption in direct semiconductors

ħω

Conservation of Energy

𝐸𝑣 = −
ħ2𝑘2

2𝑚ℎ
∗

𝐸𝑐 = 𝐸𝑔 +
ħ2𝑘2

2𝑚𝑒
∗

ħω= 𝐸𝑔 +
ħ2𝑘2

2

1

𝑚𝑒
∗ +

1

𝑚ℎ
∗ = 𝐸𝑔 +

ħ2𝑘2

2𝑚𝑟
∗

𝟏

𝒎𝒓
∗

Absorption coefficient

α ħω ∝
ħω − 𝐸𝑔

ħω

Joint Density of States (density of states available for a transition ħω)

Gradient of Ec - Ev in 
k-space

Transition rate  (  ̴ absorption coefficient)

𝑊𝑓𝑖 =
2π

ħ
𝑀 2𝑔 ħω δ 𝐸𝐶 − 𝐸𝑉 − ħω

Rate of transitions from an 
initial state (ψi) to a final 

state (ψf)

QM matrix to account for 
the symmetry of the system 

(=1 for bulk)
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Photon absorption in indirect semiconductors

ħω

ħΩ

3- particle interaction (electron, photon, phonon)
Due to the increasing complexity of the interaction, the transition rate is expected
to be lower than in the case of direct semiconductors.

Conservation of Energy

ħω= 𝐸𝑔 +
ħ2𝑘2

2𝑚𝑟
∗ ± ħΩ

The interaction with phonons allows
energy exchange from/to the charge  

Absorption coefficient

α ħω ∝
𝐸𝑔 − ħω ± ħΩ

2

ħω
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Absorption coefficient of real crystals

Question:
Can you identify the direct semiconductors in the plot? 
If so, how?
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Absorption coefficient of Ge



11

Urbach Tail

Urbach Tail
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Which is the direct 
transition associate 

to this kink? 

Absorption at higher photon energies
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Direct vs indirect transitions in indirect semiconductors
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Exciton (X)

e-

h+

Coloumbian attraction 
(Exciton binding energy)

Due to the binding energy, the 
excitonic peaks lies below the BG 

Different excitons can exists 
depending on their interaction with 
the surroundings

Exciton
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Neutral donor 
bound exciton

Atom-like energetic 
quantization

Excitonic peaks 
below Eg

Quantum nature of exciton
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Excitation Energy

Emission Energy

Photoluminescence 

Low T PL spectra for doped GaAs


