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i

Optoelectronic devices such as semiconductor lasers is being used in various application fields including optical
communications and electric appliances. The main part to understand the operation principle of them is to know the physics
of radiation and the properties of light emissive materials. In this lecture the students aim to understand the physics of
optical devices, especially semiconductor lasers, learning the basis of light-matter interactions.

i

FEDEEBIZE Learning Objectives

B | L—YRIRRKROEREZEET 5,

BHBOEFHICL Y XFOREHHRY 5 2 L 2BRT 2,
BF EAXOHEEFROBRRL o F BB RREZEBMRT 5,
BREREAMROR#, KFLEERONY FEEEYEZERT 5,
FHIRFESE L RIRE— FORIEIE L— N AEXZERT D,
BELBHL -V OBE L Y. BT ERT S,

Bt

Review of physi

cal principle of laser oscillation

Learning of light-emissive materials and band structure of semiconductor

Understanding the concept of photon described by the quantization of electromagnetic field
Understanding the basis of optical transitions from the perspective of light-matteri interaction
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Understanding of optical resonator structures and rate equation in semiconductor laser devices

Understanding of device structures and operation priciple of commonly used semiconductor lasers

Y

BE20ERE O FHEEX / Fulfillment of Course Goals (JABEE ES&ERI B D &)

B | IO | ik

REHEIER Course Plan

No. 15 B Topics AZA Content
1 B | EA REME, LY L[ BRLAFEIRR, HHMEL FKHET AR
= | Introduction Introductory talk for this cource, What is "laser", luminescence, emissive materials,
light-emitting devices
2 B | L—V&REROEXRE (1) 777U RO—#HiRF, L -V RIRORBEMA & EREF. HiRE—F
& | Principle of laser oscillation (I) | Fabry-Perot resonator, amplitude and phase conditions for laser oscillation,
longitudinal mode
3 B | L—V&RIROEXRE (2) REDH &R, 3EMRET L, L— AKX, A8
% | Principle of laser oscillation | Population inversion, optical amplification, three-level model, rate equations, gain
() saturation
4 B | #tak (1) HEAMB 0D, LEYHER, BRFEER. ~TOBE
Z | Light-emitting materials (1) Light emission material classes, compound semiconductors, alloy semiconductors,
semiconductor heterostructures
5 B | #&taR (2) FEEONY MBS, BEER L HEER, RKEBRE
& | Light-emitting materials (I1) Light-emitting materials (I1)
6 B | PEER ZZETOFBERNRDBEBETHER
Z | Midterm exam Check understanding of what you learned in the first half
7 B | FEEL—Y (1) RHZTA A — R, FEEL —PL A4 — FOERESE, ¥AE, L—rHER. BFR-
byots: Ak S
Z | Semiconductor laser (1) Light-emitting diodes, basic structure of semiconductor laser diode, optical gain, rate
equation, current-light output
8 B | #8&L—Y (2) H—%— FHiR, SEBEHTEF. DBR L—¥, DFB L —¥
% | Semiconductor laser (Il) Single wavelength oscillation, waveguide grating, distributed-Bragg reflector laser,
distributed feedback laser
9 B | #8EL—Y (3) XL Y BAREBEEHRE
Z | Semiconductor laser (Il1) Vertical cavity surface emitting laser, spontaneous emission coefficient
10 | B | *#&&L—Y (4) FEFEAM, FERL - OBFE. BEEFr— >
Z | Semiconductor laser (IV) Optical modulation, dynamical properties, charping
11 | B | *#&&L—% (5) FEARETHA, RBBELXAG, EFHFAL Y. EEFHF
% | Semiconductor laser (V) Semiconductor quantum well, density of state, optical gain, quantum well laser,
strained quantum well
12 | B | EFHFEDEL BREES. XBUR. KFERFET N, REFHRFOTHBNIIEL., EFHROALFE
BETIL
Z | Evolution of quantum | Black body radiation, photoelectric effect, Bohr model, classical model of dipole
electronics radiation, model of optical transition in quantum mechanics
13 | H | B#HBoEF1 BHORDOERM. T— FBE. LEROEF., TALF—EAFTRRBEXTF. £ - HEE
BF
Z | Quantization of | Expansion of electromagnetic field, mode density, quantization of electromagnetic
electromagnetic field field, energy eigen state and photon, criation and annihilation operators
14 | B | EF & XOHEEER HF-BFRONINZT Y HEBB, 7L I0HESA, 74> 224> 0B%
=
& | Light-matter interaction Hamiltonian of photon-electron system, optical transition, Fermi's Golden rule,
Einstein's coefficients
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H | 5 BEEMICHI>TEFL-ANRZEZ L. BET 5,
& | Summary All contents presented in this class will be reviewed and summarized.

B | ¥EARIFEATL 7 A ROERMBEZE T2 ZENEE LULAH BETIEERL,
Z | Hopefully the students who want to take this cource already have fundamental parts on semiconductor physics and

optoelectronics.

B | B85 X0OBEHRETIIHTITI &,
%= | Be sure to review what you learned that day before the next lecture.

H | BICHEBEERE LAV, 7Y MEf, 2FZRNEOFREOKRITEBNT 2,
= | The students will be received the paper-based text at the start of each lecture. Literature for reference will be introduced in

the introductory talk.

B | Pt 0A0%) 5 L CERFABEIE 60+ a%) & WEHAA TS5, BERREBICOVWTOERE L EARNLEEEZBCHNOBEES
FHMmOEAEL F 5,
I | The students will be marked with results of mid-term exam (40%) and final exam (60 + a %). Fingers crossed!

RREFERANICOHETEREL 7.

This class is basically conducted face-to-face.

w



