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Instructor: Wei Jiang

Sec. 1.  Introduction
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About Instructor

• Dr. Wei Jiang
• Room: EE 215
• Phone: (732) 445-2164
• Email: wjiangnj@rci.rutgers.edu



3
332:591 Optoelectronics I (W. Jiang)

About this Course

• Class Time: T,Th 6:40 pm – 8:00 pm (change 
to Thur 6:40 – 9:20 pm??)

• Location: ECE 240
• Office hours: T.Th 4:00-5:00pm or by 

appointment
• Prerequisites:

– Undergrad: 332:382 EM Fields and 332:361 Electronic Devices
– Graduate: (332:580 EM waves) and (332:581 Introduction to 

SOLID STATE ELECTRONICS or 583 SEMICONDUCTOR 
DEVICES I)

• Homework: 5 assignments
• Two exams and Final exam
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Textbooks

• B. E. A. Saleh & M. C. Teich, Fundamentals of 
Photonics, Wiley-Interscience,2nd edition (2007), 
ISBN 0471358320 (primary text).

• S. O. Kasap, Optoelectronics and photonics: principles 
and practices, Prentice-Hall,

• (2001), ISBN 0201610876 (substitute)
• Pallab Bhattacharya, Semiconductor Optoelectronic 

Devices, Prentice Hall; 2nd edition (1996), ISBN 
0134956567 (supplement on Semiconductors).

• Amnon Yariv, Quantum Electronics, ISBN 
0471609978, (advanced)

• All material will be covered in lecture notes.
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Course Outline

• Goal: Overview optoelectronic device technology
• Emphasis: device physics/operating principles 

(mainly concepts, less on maths), along with 
some structural engineering, fabrication

• Introduction
• Dielectric Waveguides and Optical Fibers
• Review Quantum Mechanics & Semiconductor 

Physics
• LEDs, Lasers, and Optical Amplifers
• Modulators, switches
• Photo-Detectors
• Other Optoelectronic Devices (solar cell, WDM?)
• Hot research topics (brief intro): Photonic 

Crystals, Plasmonics (if time allows)
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Difference between undergraduate and 
graduate sections
• Different homework and exam questions

– Undergraduate: more focus on conceptual questions
– Graduate: more quantitative questions

• Advanced materials for graduate students only
– Undergraduates are encouraged to learn, but not required
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Optoelectronic Technology in 
Your Life Everyday

O/E E/O
Electrical
wires

Electrical
wires

Optical fiber (>~1000km)

Voice

Data
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Tingye Li, AT&T Labs-Research (Retired), ICOCN 2006.
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Global Optical Communications Revenue and 
Projection

Ray Chen, Univ. of Texas at Austin, 2006.
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History of Optical Communication

Ancient ideas:
Smoke, flag, traffic lights

Problems: slow, limited 
distance, prone to error

~1800, 
French Semaphore
1000km, 20minutes, 
1000 relays, 0.1 bit/s

1880, 
Bell Photophone
first wireless telephone   
msg of the world

1888, 
H. R. Hertz
Radio wave Tx

1895, 
Marconi
Radio Commun

1940s
Radar

Radio detection 
And Range

1960
Ruby Laser

1837
Morse Telegraph
Few bits/sec

1878
Bell Telephone 

4kHz
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History of Fiber Optical Communication

1963:
Semiconductor laser

high threshold (~Amps)
Low temp (77K)

1966:
Charles Kao 
predicted
Fiber attenuation 
low limit 20dB/km
(in 1966, 
~1000dB/km), 
Nobel Prize ‘09

1969, 
Alferov (USSR) and 
Pannish & Hayashi 
(Bell Labs) Rm Temp, 
CW, semiconductor 
lasers

1970
Kapron, Keck, & 
Maurer (Corning) 

Low loss Silica 
fiber (20dB/km)

1969
Uchida (Nippon 
Sheet Glass, Japan)

Multicomponent
Selfoc fiber  
(~100dB/km)

1974
MacChesney(AT&T) 
1dB/km

1989, 
Payne et al (U. 
Southampton, UK)
Er-doped fiber 
amplifier (EDFA)

A
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Fiber Loss & Laser Lifetime
– Advances Year by Year 

Source: Joe C. Campbell (Univ of Virginia) 
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Typical Fiber Optical Communication System

Source
(laser) Modulator

Electrical
Signal in Fiber links

Repeater
splice

WDM

Pump
laser

Receiver

Fiber amplifier
(Er-doped, or EDFA)

Electrical 
Signal out

Fiber 
connectors
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Other applications

Solar cells LEDsOptical data storage 
(CD, DVD, Blu ray…)

Commercial Electronics
display

lighting

Optical interconnects CCD image sensor
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Other Applications of Optoelectronics

• Commercial Electronics
– Before 2000, Optoelectronic technology was mainly driven by 

Optical Communications (for ~30 years)*
– Optical Storage: CD, DVD, Blu-ray, etc.
– Display: LCD, LEDs etc
– Solid State Lighting
– Optical interconnects.
– Imaging Sensors
– Solar cells

• Defense applications
– laser communications (free-space)
– laser radars
– weapons

• Biomedical: laser surgery, spectroscopy, sensors, 
imaging

* Communication devices are probably the most sophisticated among all optoelectronic 
devices in many aspects, and are regarded as the cornerstone of optoelectronics.


