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What is an Optical Fiber

Silica

Light Signal 1 ——
Light Signal 2 =

Department of Electrical Engineering



Optical Fiber vs. Optical Cable
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Why Optical Fiber?
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0.2 microns = 25 Thbit/sec
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How 1t Works?
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TDM vs. WDM
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300 channels of 10Gb/s — many colors of light simultaneously
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Wavelength-Division-Multiplexing (WDM)

Optical Fiber
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Multiple colors of light traveling through the optical fiber, interact with
each other in very complex manner — that is the ultimate limitation of
capacity usage of fiber

Department of Electrical Engineering



Useable Optical Fiber Bandwidth
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About 3 Thits/sec bandwidth could be used using
EDFAs which is still ~12% of total fiber bandwidth
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Is 3 Th/s Enough?
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THE SPECTRUM CRUNCH

Sorry, America: Your
wireless airwaves are o

full

By Davicd Goldman @@CMNMMoneyTech February 21, 20012 530 PMET
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WIRELESS DATA GROWTH LEADS TO SPECTRUM DEFICIT
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This Is part one of a week-long series on the cell phone capacily crunch.

MEW YORK (CHMMoney) -- The U5, mobile phone industry is running out
of the airwaves necessary to provide voice, text and Internet services to its
customers
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March 5 Time Magazine — Page 11

Why Latinos
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Wireless Windfall
Anew spectrum
auction will ease the
mobile-data crunch
and help the jobless

WHO SAYS CONGRESS NEVER GETS ANYTHING
done? Spurred by the need to generate new rev
enue, lawmakers agreed to let the U.S. govern
ment raise as much as $25 billion by auctioning
off valuable wireless spectrum, promising
better mobile service for tens of millions of
consumers and opening up new frequencies
for next-generation wi-fi networks. Mobile
giants like AT&T and Verizon Wireless have
been sounding increasingly ominous warnings
about a coming “spectrum crunch,” thanks to
the rapid proliferation of data-hungry iPhones,
iPads and Android-based smart phones. The
new spectrum will mean faster, more reliable
service for movies, video games and other
bandwidth-intensive services.

Under the plan, the Federal Communica
tions Commission (FCC) will sell unused
wireless frequencies currently owned by
TV broadcasters, which will divide up to
$1.75 billion for voluntarily giving up their
spectrum. It's a win-win for the U.S. govern-
ment: $15 billion raised by the auction will
be used to extend unemployment benefits
for 4.5 million people through the end of
2012, Another $7 billion will fund a nation-
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banawidth crunch fueled by exploding wireless dath Lsage.
Mobile-data usage is expected 10 ow by & factor of 17 by 2016,
Consumer complaints about skow connections ae i 106 COMMAr-—
porticularly for mavies and video servicas—and wireless COmpanses have
already begun charging heavy data users more maney every month.

PUBLIC SAFETY The auction would generate $7 billion to

wide emergency-servi
. Aoth

network that police,
first responders have been asking for since
9/t1. The plan also calls for access to chunks
of unlicensed spectrum—known as white
spaces—which can connect mobile devices to
new, long range super wi-fi networks.
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Wireless Demand is Exploding
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Cell Towers are Connected to Fiber
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Optical Fiber — Backbone of Information Highway
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The Bigger Picture
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Metropolitan Network
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LLong Haul Network
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Metropolitan and Long Haul Networks

UUNET's North America Internet network
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LLong Haul and Transoceanic Network
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Worldwide Fiber Deployment
Deploying Fiber at the speed of Mach 3
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In 2001, fiber was deployed at a rate of ~ 2000 miles every hour

T. L1 & A.R. Chraplyvy, 2001
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Limitations of Fiber Systems
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Origin of Fiber Dispersion
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Chromatic Dispersion and Achievable Bit Rate
No distortion of output bit stream

Op tlcal fiber

Distance = 0 km 100 km
Large distortion of output bit stream

Op tlcal fiber

Distance = 0 km 100 km

J

Dispersion induced 1-dB Power Penalty:
2.5 Gb/s: 16,640 ps/nm ~980 km SMF

10 Gb/s: 1,040 ps/nm ~60 km SMF
40 Gb/s: 65 ps/nm ~4 km SMF
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What Does Fiber Nonlinearity Do?
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Fiber Nonlinearity Imposes
Ultimate Capacity Limit
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Fiber nonlinearity puts the ultimate limit on the capacity
to be used in an optical fiber communication system
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What do | do?
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In color, | do this?

After fiber-optic transmission, high-speed optical
signal pulses spread out, and 0 can be mistaken
for 1 due to spread of neighboring pulses.
(waveform distortion)
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What else do 1 do?
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Summary/Questions

1. What is an Optical Fiber?
2. Why It Matters?

3. How it Works?

4. What do | do?

5. Summary/Questions
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