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EE Specializations

« Semi Opto
« Digital Signal Processing

e Communications
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Engineering is Based on Transport
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Ways to Convey Message
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» Electronic or optical systems make
devices that can produce
meaningful result by controlling the
electrons or photons (light)
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Semiconductors

» Conductors: * Insulators
— Typically metals — Rubber, glass etc

» Very good conductivity of Very very poor
electricity conductivity

» Electrons flow from one Electrons can not flow
end to the other end with through
low loss
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What are Semiconductors
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» There are materials from group II-VI elements on
periodic table
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What Does Semiconductor Do?

The main job of

semiconductors is to I, Hole current
control and

manipulate electron %

flow? p-
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Applications

Ge: Microwave diodes , Substrate for growing GaAs and AlGaAs
Si:  Diodes, transistors, integrated circuits (ICs) - Digital, analog, A-D, D-A, mixed mode,
Computers, automobiles, communications & consumer electronics, Solar cells - watch,
calculator, car, satellite, etc., Photodiodes for wavelength 0.4 to 1.0um - optical receivers
and detectors, Photodiode array with CCD (charge coupled device) - CCD camera,
Photodiode array with CMOS circuit — CMOS Imager ,
C: Diamond or graphite
-V GaAs: Microwave devices and ICs- satellite and wireless communications, radars
Al Ga,, As/GaAs: Microwave devices and ICs , 0.60-0.9 pm LEDs - displays,
optical transmitters, light sources., 0.65-0.9 um laser diodes - laser printers, bar code
scanners, CD players (750nm), fiber optic communications, space communications, light
source (808nm)
AlInAs/GalnAs/InP: Microwave devices & ICs - High electron mobility transistors (HEMTSs),
GalnAsP/InP: - 1.5um LEDs, laser diodes - fiber optic communications
AlGalnP/GaAs: Visible laser diodes (shortest 620nm) - DVD (digital video disk, 635nm)
Laser pointers,
GaAsP/GaP: .55-.70um LEDs - displays, light sources
InGaN/GaN/sapphire: High efficiency blue (450nm) and green (514nm) LEDs and lasers
diodes - displays, light sources, green (505nm) traffic lights
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Diodes

The most basic device you can make by using semiconductors

It is a switch. In positive voltage it acts like a low resistance (a piece of metal wire)
At negative voltages> Behaves like an insulator, no current flows

It is used as rectifier> Helps to convert sinusoidal signals to DC signals

Current

Forward
Current
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Photo Diodes

Similar to normal diode. Normally you apply negative voltage and hence it behaves like and
insulator.

When light shines on the diode-> light is converted to electrons—>Current flows
Used in cameras, range finding, light detection

corrent (ma) 1
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Solar Cells

It is a diode devices without voltage application> Free running device
Incident light is converted into electrons
Electrons are extracted by using internal dynamics to generate current

Solar cell power

SPECIALLY TREATED

Power (W)

SEAMI.CONDUCTOR ™
MATERIAL

BACK CONTACT
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What is Optics?

 Start with first word: Optics?

* Optics is a science that deals
with light
— Light can be visible light (sun light)
— Or infrared (remote controllers)
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What can you do with light?

Today, backbone of * Light travels faster
communication systems and longer distances

|§ optical corrlmm%mlcatlon. in air or in glass than
LG ERElS T e il electrical signals in
diameter core of glass .

metals wires

fiber to carry information
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Cladding
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total internal reflection
vccurs here

TAT-8

In 1988 AT&T laid the first
fiber-optic transatlantic
telephony cable

3,148 miles long

Connected North America to
France

Repeaters every 40 miles
565 Mbps bandwidth
Used 1300 nm light
Attenuation 0.4 dB/km

— Image from att.com
— Info from link Ch 1e
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How widespread are optical networks?

B tce: Teleglobe
The Henry Samueli School of Engineering

Laser

» Laseris a special kind of « Biomedical applications
light source where all T el e
photons (light particles) S R
are identical

* You can use lasers in
material processing
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Imaging: Biggest Field in Optics

* Imaging is biggest and . Technology seeks solution to
also the oldest area of problem of imaging wider area
optics with utmost details

Imaging includes « Usually, imaging area and details

classical imaging (resolution) are contradictory
heavenly objects to

microscopy
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Military Applications

Military applications is R ?w
one of the largest : w > e
batch of applications

Laser Radar (Lidar)

Free space
communications

Sensing
Detection

Targeting o L )%J‘-
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Semiconductor/Photonics Courses

Core
EECS EECS
170A-C 180A-B

EECS 144 EECS 188 EECS 170E
Antennas for Wireless il EEen e RF IC Design
EECS 176 EECS 179 EECS. 189
Solid state electronics Micro electro
mechanical systems
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Areas of specializations
+ Semiconductors:

* Optics/Photonics:
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