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The course provides the essential knowledge to understand the quantum properties of]
After a

comprehensive review of quantum mechanics, formulations of electronic band structures

semiconductor optoelectronics at microscopic and mesoscopic levels.

and light-matter interactions will be derived in the framework of single-particle state.
Some special topics shall be selected for inspiring discussions at the end of this class,
including the theory and practice of low-dimensional structures, cavity quantum|

electrodynamics and light detection.
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Students shall learn the theoretical and practical aspects of low-dimensional structures
and gain the knowledge of quantized effects. After establishing the knowledge of novel

optoelectronic devices, students can get inspired and are creative in thinking.
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1. Quantum Mechanics for Scientists and Engineers, D. A. B. Miller (2008)

2. Physics of Photonic Devices, S. L. Chuang (2009)

3. Quantum Theory of the Optical and Electronic Properties of Semiconductors, H.
Haug and S. W. Koch (2009)

4. Quantum Optics, Y. Yamamoto (APPPHYS 387, Stanford University)

Mesoscopic Physics, Y. Yamamoto (APPPHYS 388, Stanford University)

6. Semiconductor quantum dots: physics, spectroscopy, and applications, Springer Y.
Masumoto, T. Takagahara (2002)
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Basic Quantum
Mechanics

Schrodinger Equation
The square well

The harmonic oscillator
Perturbation theory
Hydrogen atom and exciton in 2D and 3D

Electronic Band

Structures

Bloch theorem and k-p method

Kane’s model for band structure




Luttinger-Kohn Hamiltonian —degenerate valence bands

Effective mass theory

Pikus-Bur Hamiltonian —strain effect

Band structures of confined system

Light-Matter
Interactions

Interband transition via Fermi's golden rule

Einstein's A and B coefficients

Absorption, gain, and spontaneous emission spectrum

General absorption due to electron-hole pair & exciton effect

Fully-quantized theory of absorption and emission

Coherent regime: optical Stark shift & optical Bloch equations

Special Topic I:
Low
Dimensional
System

Electronic, optical and magnetic properties of quantum dots

Single quantum dot

Special Topic I1:
Semiconductor

Cavity Quantum
Electrodynamics

Jaynes-Cummings Hamiltonian

Weak coupling regime and Purcell effect

Strong coupling regime and Rabi splitting/oscillation

Thresholdless photon laser

Quantum dot in microcavity

Special Topic III:
Light Detection

Photodetector

Avalanche photodiodes

Quantum dot infrared detector
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