
 

 

Tutorial 2 answers  

Exercise 1: Fundamental Absorption & Indirect Transitions  

 

 

The maximum energy absorption  

 

 

Exercise 2: Exciton & Impurity Absorption  

An exciton is a neutral, hydrogen-like bound state of an electron and a hole in a semiconductor, 

playing a central role in optical and electronic processes, particularly near the bandgap. 

  

 



 

 

 

 

Exercise 3: Electric Field Effects (Franz-Keldysh & Stark Effects)  

The effective mass is a concept in solid-state physics that describes how a charge carrier 

(electron or hole) behaves inside a crystal as if it were a free particle, but with a modified mass 

that accounts for the influence of the periodic lattice. 

The effective mass is a parameter that describes how charge carriers in a crystal respond to 

forces, incorporating the effects of the lattice by modifying the inertia of the particle through 

the curvature of the band structure. 

 

Key Physical Phenomena 

Redshift: The absorption edge shifts toward longer wavelengths (lower energies) due to the 

presence of the electric field. 

FK Oscillations: Above the bandgap energy, the absorption spectrum exhibits oscillatory 

behavior. 

Quantum Confined Stark Effect (QCSE): While FKE occurs in bulk semiconductors, QCSE 

is the analogous effect in quantum wells, where the electric field causes a redshift specifically 

in the exciton peak. 

Exercise 4. Radiation & Emission-Absorption Relation  

The Van Roosbroeck-Shockley (VRS) relation is the fundamental link between how a 

semiconductor absorbs light and how it emits light. It is essentially an application of 

the principle of detailed balance, which states that in thermal equilibrium, every process (like 

absorption) must be exactly balanced by its inverse process (like emission). 



 

 

Here is the detailed breakdown of the relation and the physics behind it. 

 

 

 

3. Spectral shapes 

Note that the spectral shape of emission in semiconductors results from the interplay between 

density of states, carrier statistics, and broadening mechanisms, producing a generally 

asymmetric, broadened profile with possible sharp excitonic features under suitable 

conditions. 

Mechanism Spectral Shape 

Band-to-band Asymmetric, broadened 

Exciton Sharp peak (narrow) 

Thermal Exponential tail 

Lifetime Lorentzian 

Disorder Gaussian 



 

 

 

 

Exercise 5: 

Process  Governing Energy Condition Key Feature 

Direct Intrinsic ℎ𝜈≥𝐸𝑔 Sharp absorption edge 

Indirect Intrinsic ℎ𝜈≥𝐸𝑔±𝐸𝑝 Requires phonon for momentum 

Exciton ℎ𝜈=𝐸𝑔−𝐸𝑒𝑥 Sharp resonance peaks below 𝐸𝑔 

Impurity ℎ𝜈=𝐸𝑔−𝐸𝑖 Discrete lines or bands in the IR 

Exercise 6: 

 



 

 

 

 

 

 

 

 

 



 

 

 

 

 


