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Frontiers in Semiconductor Light Emission and Solid-State Lasers
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Course
7. % 1B H M Prerequisite(s): College Physics* (*Recommended, not required as

prerequisite)

8. UEMEEL Course Description: 100 FPAN , I WAREAR B H I,

This course explores the fundamental principles and recent advances in
semiconductor light-emitting devices and solid-state laser systems. Emphasis is
placed on the interplay between material structure, electronic properties, and
optical performance. Topics include radiative recombination mechanisms,
guantum-confined structures, laser physics, device architectures, and emerging
photonic materials. Students will engage with current literature and develop the
ability to analyze and evaluate cutting-edge research..

9. FETIIIZ ) R Course Outcomes:

By the end of successful completion of this course, the student will be able to:
(1) Understand physical mechanisms of light emission in semiconductors
(2) Analyze the structure—property relationships in optoelectronic materials
(3) Explain the operating principles of solid-state lasers
(4) Evaluate advanced device designs such as quantum wells, quantum dots, and
nanostructures
(5) Critically read and present recent research papers
(6) Propose innovative ideas in semiconductor photonics
10. #F N A 5% 4B Course Content, Laboratories and Laboratory Hours (£ JIJH,

B A |, Colloquial Hours CHIEE, B4 NAE)

1. Fundamentals of Semiconductor Optoelectronics
1) Band structure and optical transitions



2) Radiative and non-radiative recombination
3) Carrier dynamics and excitonic effects
2. Semiconductor Light-Emitting Devices
1) Light-emitting diodes (LEDs)
2) Laser diodes
3) Efficiency limits and loss mechanisms
4) Thermal and reliability issues
3. Quantum Structures and Nanoscale Emitters
1) Quantum wells, wires, and dots
2) Density of states engineering
3) Single-photon sources and nanophotonics
4. Solid-State Laser Physics
1) Laser fundamentals (gain, threshold, cavity design)
2) Laser threshold condition, rate equations, laser characteristics
3) Optical modes of a laser resonator, vertical modes, beam properties and coherence
5. Laser Heterostructures and Materials
1) Semiconductor alloys, heterojunction, double heterostructure and separate
confinement heterostructure laser
2) Quantum wells and quantum well lasers
3) Pseudomorphic heterostructures, quantum dots, QD lasers
6. Advanced Topics and Frontiers
1) Perovskite and emerging optoelectronic materials
2) Integrated photonics and on-chip lasers
3) Quantum light sources and applications in quantum technologies
4) Recent breakthroughs and research trends

11. FZE5WSHFE Grading:

Class Participation Discussion: 20%;

Presentation: 80%.

12. #H M, =% Text & Reference Book:

13. %w5 £ Jfi Course Lecturer: Fangze Liu

HEZ0T Course Lecturer (Z55):




