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References: 

Gerd Keiser, Optical Fiber Communications, 3rd ed., McGraw-Hill, Boston, 2000. 

Chin-Lin Chen, Elements of Optoelectronics & Fiber Optics, Irwin, Chicago, 1996. 

 
Course Goals:  

1. Be familiar with theory and behavior of basic constituents of optical communication 

system. 

2. Be acquainted with wave theory of light. 

3. Learn basic design principles of optical fiber links. 

4. Be familiar with attenuation and dispersion in optical fibers. 

5. Be familiar with light sources. 

6. Be familiar with photodetectors. 

7. Be aware of polarization and modulation of light. 

8. Be acquainted with photovoltaic devices. 

9. Learn operating principles of wavelength-division multiplexing (WDM). 

10. Recognize architectures and performance characteristics of complex optical networks. 

 

Measurable Objectives: 

 

Upon successful completion of this course, the participant with be able to:  

1. illustrate various aspects of wave nature of light. 

2. categorize optical fiber types.   

3. illustrate optical fiber modes. 

4. devise techniques for attenuation and dispersion measurements. 

5. analyze signal degradation in optical fibers. 

6. compare optical source types. 

7. categorize photodetectors. 

8. calculate link power budget. 

9. analyze system rise-time. 

10. categorize photovoltaic devices. 

11. illustrate techniques for light polarization and modulation. 

12. identify principles of WDM. 

13. categorize WDM devices. 

14. categorize optical network topologies. 

15. describe advances optical networks. 



 

Course Content: 
 

Topic I: INTRODUCTION  

Introduction to Optoelectronics and Fiber Optics; Advances in Optoelectronic Technologies; 

Advantages of Optical Communications; Components in Optical Communications; 

Communication Systems; Baseband versus Passband; Analog versus Digital; Coherent versus 

Incoherent; Modulation and Line Coding. 

 

Topic II: WAVENATURE OF LIGHT  

Light Waves in a Homogeneous Medium; Refractive Index  Group Velocity and Group Index ; 

Magnetic Field, Irradiance and Poynting Vector;  Snell's Law and Total Internal Reflection; 

Fresnel's Equations; Multiple Interference and Optical Resonators;  Goos-Hänchen Shift and 

Optical Tunneling;  Temporal and Spatial Coherence;  Diffraction Principles. 

 

Topic III: DIELECTRICWAVEGUIDES AND OPTICAL FIBERS  

Symmetric Planar Dielectric Slab Waveguide; Modal and Waveguide Dispersion in the Planar 

Waveguide; Step Index Fiber  ; Numerical Aperture; Dispersion in Single Mode Fibers; 

Electrical and Optical Bandwidth ;  The Graded Index Optical Fiber; Light Absorption and 

Scattering; Attenuation in Optical Fibers; Fiber Manufacture.  

 

TOPIC IV: SEMICONDUCTOR SCIENCE AND LIGHT EMITTING DIODES  

Semiconductor Concepts and Energy Bands; Direct and Indirect Bandgap Semiconductors: E-k 

Diagrams; pn Junction Principles; The pn Junction Band Diagram; Light Emitting Diodes; LED 

Materials; Heterojunction High Intensity LEDs; LED Characteristics; LEDs for Optical Fiber 

Communications  

 

TOPIC V: STIMULATEDEMISSION DEVICES LASERS  

Stimulated Emission and Photon Amplification; Stimulated Emission Rate and Einstein 

Coefficients; LASER Oscillation Conditions; Principle of the Laser Diode; Heterostructure 

Laser Diodes; Elementary Laser Diode Characteristics; Steady State Semiconductor Rate 

Equation; Light Emitters for Optical Fiber Communications; Single Frequency Solid State 

Lasers; Quantum Well Devices; Vertical Cavity Surface Emitting Lasers (VCSELs). 

 

TOPIC VI: PHOTODETECTORS  

Principle of the pn Junction Photodiode; Photodiode Materials; Quantum Efficiency and 

Responsivity; The pin Photodiode; Avalanche Photodiode; Heterojunction Photodiodes; 

Phototransistors.  

 

TOPIC VII: POLARIZATION AND MODULATION OF LIGHT  

Polarization; Light Propagation in an Anisotropic Medium: Birefringence; Birefringent Optical 

Devices; Optical Activity and Circular Birefringence ; Electro-Optic Effects; Integrated Optical 

Modulators; Acousto-Optic Modulator; Magneto-Optic Effects. 

 

TOPIC VII: WDM CONCEPTS AND COMPONENTS       

Principles of WDM; Passive Components; Tunable Sources; Tunable Filters 

 

TOPIC IX: OPTICAL NETWORKS  

 Basic Networks; SONET/SDH; Ultrahigh Capacity Networks. 

 



Class Project:   

Each student group (2-3 students) will choose a project on a subject related to optoelectronic 

devices and systems.  The group is required to submit a report reflecting the understanding of 

the topic and the ability to identify new features of chosen topic. Students will also give oral 

presentation illustrating the main points of the presented report. Each report should have a 

unique title and students are urged to register the title they choose for their project as early as 

possible with the instructors. 

 

Relationship to Program Objectives: This course contributes to the general objectives 

listed for an Electrical Engineering Department.   The course main outcomes are: 

a. Apply math, science and engineering  

This course focuses on mathematical formulation of optoelectronic devices.  

 

e. Identify, formulate and solve engineering problems  

The class includes various examples of analysis of engineering problems related optoelectronic devices 

and systems. 

 

i. Recognition of the need for and an ability to engage in life-long learning.  

The course explains the history of optoelectronics and the continuous emergence of new applications in 

this field.  Students are directed to the need of continuous investigation of new systems and tools. 

 

j. Knowledge of contemporary issues.  

Students are engaged during the lecture time in discussing contemporary issues relate to applications of 

optical engineering systems. 

 

The course secondary outcomes are: 

b. Ability to design and conduct experiments 

An experiment is presented on modulation of optical signal is presented.  Some Students choose  

experimental work for this class project. 

 

c. An ability to design a system, component, or process to meet desired needs.  

The course covers the principle of how to design an optical communication system. 

 

d. Ability to function in teams 

Most of the students work their class project in teams. 

 

 g. An ability to communicate effectively.  

An oral presentation of the project prepared by the student is required. 

 

h. Broad education necessary to understand the impact of engineering solutions in a 
global and societal context  

Class projects are required to cover different subject to emphasis broad aspects of importance and 

societal aspects of optical engineering systems. 



k. Use of modern engineering tools  

The students in this course are utilizing the CD that accompanies the textbook and search the 

internet to obtain a broader view on optoelectronics. 

 

Grading:         10%   Homework and Quizzes 

                            15%   Class Project Report             

                             5 %  Class Project Presentation    (Saturday 1/2/1431) 

                  30 %  Two Mid-Term Exams  

    (Saturday 25/12/1431, and Monday 25/1/1431) 

                  40 %            Final Exam 

 

Attendance:  

Attendance is mandatory in lectures and tutorials. A student who misses more than 25% of 

classes will not be allowed to take the final exam. 

             

 


