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Courses for which this course | This course is optional subject for optoelectronics and communications major; other
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learn fiber optic communications.
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This course is suitable for optoelectronics , communications undergraduate year 3 undergraduate. Through this course,
students will master the basic principles and techniques of optical fiber communication , understanding the various
components related to optical fiber communication. Learn from the fiber structure , light source, optical power
transmission and coupling, optical detector receives, WDM , optical amplifiers, and nonlinear effects of such knowledge .
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Through this course , students will fully understand and master the basics of fiber optical communication architecture,
and fiber optical communications infrastructure with preliminary knowledge and practical ability , the ability to combine
theory and practice , with some analytical skills, and ability.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
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Chapter 1: Overview of Optical Fiber Communications

1.1 Basic Network Information Rates

1.2 The Evolution of Fiber Optic Systems

1.3 Elements of an Optical Fiber Transmission Link
1.4 Simulation and Modeling Tools

1.4.1 Characteristics of Simulation and Modeling Tools
1.4.2 Programming Languages

1.4.3 Sample Simulation and Modeling Tool

1.5 Use and Extension of the Book

1.5.1 References

1.5.2 Simulation Program on a CD-ROM

1.5.3 Photonics Laboratory

Chapter 2: Optical Fibers: Structures, Waveguiding, and Fabrication

2.1 The Nature of Light

2.1.1 Linear Polarization

2.1.2 Elliptical and Circular Polarization
2.1.3 The Quantum Nature of Light

2.2 Basic Optical Laws and Definitions

2.3 Optical Fiber Modes and Configurations
2.3.1 Fiber Types

2.3.2 Rays and Modes

2.3.3 Step-Index Fiber Structure

2.3.4 Ray Optics Representation

2.3.5 Wave Representation in a Dielectric Slab Waveguide
2.4 Mode Theory for Circular Waveguides
2.4.1 Overview of Modes

2.4.2 Summary of Key Modal Concepts
2.4.3 Maxwell's Equations

2.4.4 Waveguide Equations

2.4.5 Wave Equations for Step-Index Fibers
2.4.6 Modal Equation

2.4.7 Modes in Step-Index Fibers

2.4.8 Linearly Polarized Modes

2.4.9 Power Flow in Step-Index Fibers

2.5 Single-Mode Fibers

2.5.1 Mode Field Diameter

2.5.2 Propagation Modes in Single-Mode Fibers
2.6 Graded-Index Fiber Structure

2.7 Fiber Materials

2.7.1 Glass Fibers

2.7.2 Halide Glass Fibers

2.7.3 Active Glass Fibers

2.7.4 Chalgenide Glass Fibers

2.7.5 Plastic Optical Fibers

2.8 Fiber Fabrication

2.8.1 Outside Vapor Phase Oxidation

2.8.2 Vapor Phase Axial Deposition

2.8.3 Modified Chemical Vapor Depositionosition
2.8.5 Double-Crucible Method

2.9 Mechanical Properties of Fibers

2.10 Fiber Optic Cables

Chapter 3: Signal Degradation in Optical Fibers

3.1 Attenuation

3.1.1 Attenuation Units

3.1.2 Absorption

3.1.3 Scattering Losses

3.1.4 Bending Losses

3.1.5 Core and Cladding Losses

3.2 Signal Distortion in Optical Waveguides
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3.2.1 Information Capacity Determination

3.2.2 Group Delay

3.2.3 Material Dispersion

3.2.4 Waveguide Dispersion

3.2.5 Signal Distortion in Single-Mode Fibers
3.2.6 Polarization-Mode Dispersion

3.2.7 Intermodal Distortion

3.3 Pulse Broadening in Graded-Index Waveguides
3.4 Mode Coupling

3.5 Design Optimization of Single-Mode Fibers
3.5.1 Refractive-Index Profiles

3.5.2 Cutoff Wavelength

3.5.3 Dispersion Calculations

3.5.4 Mode-Field Diameter

3.5.5 Bending Loss

Chapter 4: Optical Sources

4.1 Topics From Semiconductor Physics
4.1.1 Energy Bands

4.1.2 Intrinsic and Extrinsic Material

4.1.3 The pn Junctions

4.1.4 Direct and Indirect Bandgaps

4.1.5 Semiconductor Device Fabrication
4.2 Light-Emitting Diodes (LEDs)

4.2.1 LED Structures

4.2.2 Light Source Materials

4.2.3 Quantum Efficiency and LED Power
4.2.4 Modulation of an LED

4.3 Laser Diodes

4.3.1 Laser Diode Modes and Threshold Conditions
4.3.2 Laser Diode Rate Equations

4.3.3 External Quantum Efficiency

4.3.4 Resonant Frequencies

4.3.5 Laser Diode Structures and Radiation Patterns
4.3.6 Single-Mode Lasers

4.3.7 Modulation of Laser Diodes

4.3.8 Temperature Effects

4.4 Light Source Linearity

4.5 Modal, Partition, and Reflection Noise
4.6 Reliability Considerations

Chapter 5: Power Launching and Coupling

5.1 Source-to-Fiber Power Launching
5.1.1 Source Output Pattern

5.1.2 Power-Coupling Calculation

5.1.3 Power Launching versus Wavelength
5.1.4 Equilibrium Numerical Aperture

5.2 Lensing Schemes for Coupling Improvement
5.2.1 Nonimaging Microsphere

5.2.2 Laser Diode-to-Fiber Coupling

5.3 Fiber-to-Fiber Joints

5.3.1 Mechanical Misalignment

5.3.2 Fiber-Related Losses

5.3.3 Fiber End Face Preparation

5.4 LED Coupling to Single-Mode Fibers
5.5 Fiber Splicing

5.5.1 Splicing Techniques

5.5.2 Splicing Single-Mode Fibers

5.6 Optical Fiber Connectors

5.6.1 Connector Types

5.6.2 Single-Mode Fiber Connectors

5.6.3 Connector Return Loss
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Chapter 6: Photodetectors

6.1 Physical Principles of Photodiodes
6.1.1 The pin Photodetector

6.1.2 Avalanche Photodiodes

6.2 Photodetector Noise

6.2.1 Noise Sources

6.2.2 Signal-to-Noise Ratio

6.3 Detector Response Time

6.3.1 Depletion Layer Photocurrent
6.3.2 Response Time

6.4 Avalanche Multiplication Noise
6.5 Structures for InGaAs APDs

6.6 Temperature Effect on Avalanche Gain
6.7 Comparison of Photodetectors

Chapter 7: Optical Receiver Operation

7.1 Fundamental Receiver Operation
7.1.1 Digital Signal Transmission

7.1.2 Error sources

7.1.3 Receiver Configuration

7.1.4 Fourier Transform Representation
7.2 Digital Receiver Performance

7.2.1 Probability of Error

7.2.2 The Quantum Limit

7.3 Detailed Performance Calculation
7.3.1 Receiver Noises

7.3.2 Shot Noise

7.3.3 Receiver Sensitivity Calculation
7.3.4 Performance Curves

7.3.5 Nonzero Extinction ratio

7.4 Preamplifier Types

7.4.1 High-Impedance FET Amplifiers
7.4.2 High-Impedance Bipolar Transistor Amplifiers
7.4.3 Transimpedance Amplifier

7.4.4 High-Speed Circuits

7.5 Analog receivers

Chapter 8: WDM Concepts and Components

8.1 Operational Principles of WDM

8.2 Passive Components

8.2.1 The 2 X 2 Fiber Coupler

8.2.2 Scattering Matrix Representation
8.2.3 The 2 X 2 Waveguide Coupler
8.2.4 Star Couplers

8.2.5 Mach-Zehnder Interferometer Multiplexers
8.2.6 Fiber Grating Filters

8.2.7 Phased-Array-Based WDM Devices
8.3 Tunable Sources

8.4 Tunable Filters

8.4.1 System Considerations

8.4.2 Tunable Filter Types

Problems

References

Chapter 9 - Optical Amplifiers

9.1 Basic Applications and Types of Optical Amplifiers
9.1.1 General Applications
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9.1.2 Amplifier Types

9.2 Semiconductor Optical Amplifiers

9.2.1 External Pumping

9.2.2 Amplifier Gain

9.3 Erbium-Doped Fiber Amplifiers

9.3.1 Amplification Mechanism

9.3.2 EDFA Architecture

9.3.3 EDFA Power-Conversion Efficiency and Gain
9.4 Amplifier Noise

9.5 System Applications

9.5.1 Power Amplifiers

9.5.2 In-Line Amplifiers

9.5.3 Preamplifiers

9.5.4 Multichannel Operation

9.5.5 In-Line Amplifier Gain Control

9.6 Wavelength Converters

9.6.1 Optical Gating Wavelength Converters
9.6.2 Wave-Mixing Wavelength Converters

Chapter 10r -Nonlinear Effects

10.1 Nonlinear effects
10.2 Effective length and the effective area of
10.3 Stimulated Raman Scattering
10.4 Stimulated Brillouin Scattering
10.5 Self-phase modulation
10.6 Cross-phase modulation
10.7 FWM
10.8 Reduce FWM
10.9 Wavelength conversion
10.9.1 Optical gate wavelength converter
10.9.2 Wave mixing wavelength converter
10.10 Soliton

Hh R HE2% %K Textbook and Supplementary Readings

HELF b Textbook:

Gerd Keiser, 4@l (Optical Fiber Communications) 55 PURR, -~ HL 5 Tl AR .
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