
Learning Objectives
Semiconductors

By the end of this lecture, you will be able to:

• Explain the origin of low conductivity in intrinsic semiconductors and the role of band gaps in limiting 
charge carrier concentration

• Describe donor and acceptor doping mechanisms and their effects on semiconductor conductivity through 
band structure modifications

• Understand the temperature dependence of semiconductor conductivity including freeze-out, saturation, 
and intrinsic regimes

• Explain P-N junction behavior including rectification, band bending, and the formation of depletion regions
• Describe practical applications: photovoltaic cells, light-emitting diodes (LEDs), and metal-oxide-
semiconductor field-effect transistors (MOSFETs)







@300k, Si (Eg = 1.1 eV) has  1 
electron per trillion atoms

















See Gradescope Quiz 1

1. What is the primary reason for the low conductivity of an intrinsic (pure) 
semiconductor like silicon?

2. When an acceptor dopant like boron (which has one fewer valence electron than 
silicon) is added, what type of charge carrier is created?

3. How does the conductivity of a semiconductor generally change as temperature 
increases (in the intrinsic regime)?

4.In a doped semiconductor, what is the "saturation regime"?



























See Gradescope Quiz 2
1. In a p-n junction at equilibrium (no external voltage), what is the fundamental origin 

of the built-in electric field within the depletion region?

2. When a p-n junction is formed, the conduction and valence bands "bend" across the 
depletion region. What is the primary physical reason for this band bending?

3. Applying a reverse bias to a p-n junction (e.g., positive voltage to the n-type side) 
stops significant current flow. How does it accomplish this?

4. In an n-channel MOSFET built on a p-type substrate, how does applying a strong 
positive voltage to the gate electrode "turn on" the transistor?

5. Why was it necessary for the semiconductor industry to switch from silicon dioxide 
(SiO2) to a high-k dielectric like hafnium oxide (HfO2) for the gate?



Homework: 
10.11-10.13



Learning Objectives
Conductivity of Transition Metal Compounds

After this lecture, you will be able to:

• Explain how electron-electron repulsions determine conductivity in transition metal compounds
• Apply the Hubbard model to predict metallic vs. insulating behavior by comparing bandwidth (W) and on-site 

repulsion (U)
• Identify Mott-Hubbard insulators and explain their origin
• Predict conductivity trends across rock salt structure oxides based on d-orbital contraction and metal-metal 

distance
• Analyze conductivity patterns in perovskite structures and explain differences between 3+ and 4+ oxidation 

states

























1. Which of the following best explains the dramatic difference in conductivity 
between NiO and TiO, despite both having the rock salt structure and 
partially filled d-orbitals?

2. In the context of the Hubbard model, which condition is most likely to lead 
to a Mott-Hubbard insulator?

3. Considering transition metal oxides with the rock salt structure (e.g., 
TiO, VO, MnO), why does the conductivity trend from metallic (TiO) to 
semiconducting (MnO) as we move across the period?

4. Strontium manganate (SrMnO3) is a semiconductor, even though other 4+ 
perovskites exhibit metallic behavior. This is attributed to a particularly 
large Hubbard U. What characteristic of the Mn4+ (d3) electron configuration 
contributes to this exceptionally large U?

See Gradescope Quiz 3



Homework: 
10.14-10.16




