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Anatomy of the Metro NetworkAnatomy of the Metro Network
Wide Area Networks
• High Signal Rates
• Mesh/Ring
• SONET & DWDM
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Metro Area Networks
• Lower Signal Rates
• Ring & Point-Point
• SONET & WDM

Access Networks
• A variety of technologies (Voice, DSL, T1, etc)

Here's an overview of today's network, graphics courtesy of Sorrento 
Networks. Starting at the bottom, we have identified key services that are 
delivered to enterprises and homes. Often, services will be correlated 
with an access method, such as wireless, residential broadband, SANs, 
and so forth. These are brought from the "Metro Edge" to a transport 
network sometimes refered to as the "Metro Core". A significant amount 
of traffice stays within the Metro environment. Traffic  destined to outside 
the network goes to Regional, Long-haul, Ultra-long-haul, or even 
submarine networks. This sometimes is known as "Core" transport, but 
this term can sometimes be confused with the "Metro Core", so be careful 
of it's use.   
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Issues

Possible Solutions

The Metro Network is the data “Bottleneck”The Metro Network is the data “Bottleneck”

• SONET is not data 
friendly

• Metro access is too 
expensive

• The Metro is full of 
lighted, legacy fiber

• Make SONET data friendly
• Migrate towards lower cost GbE
• Increase optical channel data rates
• Increase the bandwidth through Wavelength Division Multiplexing 

techniques

Here's an overview of today's network, graphics courtesy of Sorrento 
Networks. Starting at the bottom, we have identified key services that are 
delivered to enterprises and homes. Often, services will be correlated 
with an access method, such as wireless, residential broadband, SANs, 
and so forth. These are brought from the "Metro Edge" to a transport 
network sometimes refered to as the "Metro Core". A significant amount 
of traffice stays within the Metro environment. Traffic  destined to outside 
the network goes to Regional, Long-haul, Ultra-long-haul, or even 
submarine networks. This sometimes is known as "Core" transport, but 
this term can sometimes be confused with the "Metro Core", so be careful 
of it's use.   
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• Too expensive to lay more fiber
• No room left to lay more fiber
• Most of the fiber is lighted

• Increase the bandwidth through WDM.
• Increase data rates per channel to the dispersion limits

These solutions have fiber These solutions have fiber 
optic testing implications!!!optic testing implications!!!

Issues

How do we maximize the use of this legacy fiber?

The Physical LayerThe Physical Layer

Here's an overview of today's network, graphics courtesy of Sorrento 
Networks. Starting at the bottom, we have identified key services that are 
delivered to enterprises and homes. Often, services will be correlated 
with an access method, such as wireless, residential broadband, SANs, 
and so forth. These are brought from the "Metro Edge" to a transport 
network sometimes refered to as the "Metro Core". A significant amount 
of traffice stays within the Metro environment. Traffic  destined to outside 
the network goes to Regional, Long-haul, Ultra-long-haul, or even 
submarine networks. This sometimes is known as "Core" transport, but 
this term can sometimes be confused with the "Metro Core", so be careful 
of it's use.   
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1. Anatomy and Issues of 
the Metro Network
2. Utilizing and Testing 
WDM  
3. Utilizing Higher Data 
Rates and Testing 
Dispersion
4. Summary
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Coarse WDM or CWDM
Same “Track” more “Runners”

Dense WDM or DWDM
Same “Track” many “Runners”

Increase Bandwidth Through WDMIncrease Bandwidth Through WDM

Channel Spacing 200 GHz ≈ 1.6 nm

Channel Spacing 50 GHz ≈ 0.4 nm
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An Optical Spectrum Analyzer is an excellent tool in 
which to characterize an optical network using WDM 

How do we Test the Channels in a DWD link?How do we Test the Channels in a DWD link?

Data In Data Out

Optical Amplifier
WDM de-WDM
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Tests Using an OSATests Using an OSA
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•Wavelength

• Total Power of all 
channels

•Power per Channel

•Gain Tilt

•Optical Signal to 
Noise Ratio (OSNR)
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What can go wrong in a WDM link?What can go wrong in a WDM link?

•Dirty connections are 90% of all problems

•Laser Transmitter failed

•Optical Amplifier failure or degradation
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What can go wrong in a WDM link?What can go wrong in a WDM link?

• Dirty connections are 90% 
of all problems

• Loss of signal or signal 
interference

• Laser Transmitter failed

• Optical Amplifier failure or 
degradation

Don’t look at the end of the fiber 
with your eye!  Up to 1 Watt of 
optical power from an EDFA!
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What can go wrong in a WDM link?What can go wrong in a WDM link?

• Dirty connections are 90% of 
all problems

• Loss of signal or signal 
interference

• Laser Transmitter failed
• Detecting one or many

• Optical Amplifier failure or 
degradation
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What can go wrong in a WDM link?What can go wrong in a WDM link?

• Dirty connections are 90% 
of all problems

• Loss of signal or signal 
interference

• Laser Transmitter failed
• Detecting one of many

• Optical Amplifier failure or 
degradation

• Loss of signal or 
increased noise.
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“Half Time”
Q&A
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2.5 Gb/s

10 Gb/s

622 Mb/s

More and more “Runners” on the “track” in a given time period

-------------------------------“X” Time Period ---------------------------

Picture after a short distance down the “track”

Increase Bandwidth Through Higher Data RatesIncrease Bandwidth Through Higher Data Rates



Click to edit Master subtitle style

Page 17

2.5 Gb/s

10 Gb/s

622 Mb/s

The more “runners” the harder it is to distinguish them after some time

----------------------“X” Time Period ------------------------

Picture after a longer distance down the “track”

Bandwidth is Limited by DispersionBandwidth is Limited by Dispersion
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•Chromatic Dispersion 
•Polarization Mode Dispersion

Both translate to signal pulse broadening but…

Input pulse Output pulse

… that is were the similarities end!

Dispersion – Two Basic TypesDispersion – Two Basic Types
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The Origin of Chromatic Dispersion (CD)The Origin of Chromatic Dispersion (CD)
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A Static Issue

Single-mode fibers solved the modal dispersion problem, but now 
another  lesser form of dispersion appears, known as chromatic 
dispersion or “CD.”  
Chromatic dispersion occurs because light of different wavelengths 
travel at different speeds. This way, the different “colors” contained in 
a light pulse propagate at different speeds. Depending on the spectral 
width, this effect results in pulse broadening called chromatic 
dispersion. This form of dispersion is a limiting factor in modulation 
bandwidth or system capacity.

Chromatic dispersion is always present, however it is not observed in 
multimode fibers because its effect is about 1000 times smaller than 
that of modal dispersion. A typical value of chromatic dispersion for 
single mode fiber may be about 10 ps/(nm*km), as compared to the 10 
ns/(nm*km) for modal dispersion. The “ps/(nm*km)” units used for
chromatic dispersion reflect their dependency on wavelength range 
(i.e., double the distance or double the wavelength range yields double 
the effect of “CD”).

Even when chromatic dispersion is a small quantity, its effect adds up 
significantly for long runs of fiber, such as in the case of a Trans-
Atlantic optical cable link. It also can become an issue when 
transmitting very high data rates, such as 10 Gb/s or higher, over 
several hundred kilometers.
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The Effect of Chromatic Dispersion The Effect of Chromatic Dispersion 

Input pulse Output pulse

Single-mode optical fiber

Since light sources are NOT monochromatic, different wavelengths
travel at slightly different speeds

Shorter 
Wavelengths

Longer 
Wavelengths

Single-mode fibers solved the modal dispersion problem, but now 
another  lesser form of dispersion appears, known as chromatic 
dispersion or “CD.”  
Chromatic dispersion occurs because light of different wavelengths 
travel at different speeds. This way, the different “colors” contained in 
a light pulse propagate at different speeds. Depending on the spectral 
width, this effect results in pulse broadening called chromatic 
dispersion. This form of dispersion is a limiting factor in modulation 
bandwidth or system capacity.

Chromatic dispersion is always present, however it is not observed in 
multimode fibers because its effect is about 1000 times smaller than 
that of modal dispersion. A typical value of chromatic dispersion for 
single mode fiber may be about 10 ps/(nm*km), as compared to the 10 
ns/(nm*km) for modal dispersion. The “ps/(nm*km)” units used for
chromatic dispersion reflect their dependency on wavelength range 
(i.e., double the distance or double the wavelength range yields double 
the effect of “CD”).

Even when chromatic dispersion is a small quantity, its effect adds up 
significantly for long runs of fiber, such as in the case of a Trans-
Atlantic optical cable link. It also can become an issue when 
transmitting very high data rates, such as 10 Gb/s or higher, over 
several hundred kilometers.
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Why Measure CD?Why Measure CD?

Bit rate Measure Static compensation Dynamic compensation
2.5 Gb/s

10 Gb/s x x
40 Gb/s x x x

Measure CD to…
• assess the transmission capacity of the fiber  
• properly dispersion-manage using “dispersion compensators” 

to optimize the transmission capacity of the fiber

Once we have found solutions for the modal and chromatic 
dispersions, now we observe a third kind, known as “Polarization-
Mode Dispersion.”

The modes travel through the same path in the fiber, but they have 
different orientation in polarization. Each polarization state, horizontal 
and vertical, has slightly different transmission characteristics, thus 
creating dispersion on the modulated signal been carried. 
These different polarization paths also produce different losses, 
therefore creating a loss dependency on polarization know as 
“Polarization Dependent Loss” or PDL.

Typical values for PMD are in the ps/(nm*km) range. Specifically, they 
cannot be compensated for, like in the case of CD, thus they add up 
significantly for long runs of fiber.

PMD can become a problem in the long distance network at 10 Gb/s or 
higher bit rates. Newly deployed fiber usually has been designed to 
minimize PMD but fiber installed some years ago may have significant 
PMD.
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Testing Chromatic Dispersion – Time of Flight Testing Chromatic Dispersion – Time of Flight 
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• One measurement 
technique is “Time of 
Flight”  

• Send laser pulses of 
different, known  
wavelengths down the 
fiber and look for the 
time difference in their 
return

Single-mode fibers solved the modal dispersion problem, but now 
another  lesser form of dispersion appears, known as chromatic 
dispersion or “CD.”  
Chromatic dispersion occurs because light of different wavelengths 
travel at different speeds. This way, the different “colors” contained in 
a light pulse propagate at different speeds. Depending on the spectral 
width, this effect results in pulse broadening called chromatic 
dispersion. This form of dispersion is a limiting factor in modulation 
bandwidth or system capacity.

Chromatic dispersion is always present, however it is not observed in 
multimode fibers because its effect is about 1000 times smaller than 
that of modal dispersion. A typical value of chromatic dispersion for 
single mode fiber may be about 10 ps/(nm*km), as compared to the 10 
ns/(nm*km) for modal dispersion. The “ps/(nm*km)” units used for
chromatic dispersion reflect their dependency on wavelength range 
(i.e., double the distance or double the wavelength range yields double 
the effect of “CD”).

Even when chromatic dispersion is a small quantity, its effect adds up 
significantly for long runs of fiber, such as in the case of a Trans-
Atlantic optical cable link. It also can become an issue when 
transmitting very high data rates, such as 10 Gb/s or higher, over 
several hundred kilometers.
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The Origin of Polarization Mode Dispersion (PMD)The Origin of Polarization Mode Dispersion (PMD)
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Especially a problem in single mode fibers made before ‘93

Birefringence
i.e. having a refractive 
index that differs for 
light of different 
polarizations

due to a non-circular 
waveguide

A Dynamic Issue

Once we have found solutions for the modal and chromatic 
dispersions, now we observe a third kind, known as “Polarization-
Mode Dispersion.”

The modes travel through the same path in the fiber, but they have 
different orientation in polarization. Each polarization state, horizontal 
and vertical, has slightly different transmission characteristics, thus 
creating dispersion on the modulated signal been carried. 
These different polarization paths also produce different losses, 
therefore creating a loss dependency on polarization know as 
“Polarization Dependent Loss” or PDL.

Typical values for PMD are in the ps/(nm*km) range. Specifically, they 
cannot be compensated for, like in the case of CD, thus they add up 
significantly for long runs of fiber.

PMD can become a problem in the long distance network at 10 Gb/s or 
higher bit rates. Newly deployed fiber usually has been designed to 
minimize PMD but fiber installed some years ago may have significant 
PMD.
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The Effect of Polarization Mode DispersionThe Effect of Polarization Mode Dispersion

Slow axis

Fast axis

Input pulse Output pulse

The two modes of 
polarization in light between 
the slow and fast axis of the 
optical fiber

Once we have found solutions for the modal and chromatic 
dispersions, now we observe a third kind, known as “Polarization-
Mode Dispersion.”

The modes travel through the same path in the fiber, but they have 
different orientation in polarization. Each polarization state, horizontal 
and vertical, has slightly different transmission characteristics, thus 
creating dispersion on the modulated signal been carried. 
These different polarization paths also produce different losses, 
therefore creating a loss dependency on polarization know as 
“Polarization Dependent Loss” or PDL.

Typical values for PMD are in the ps/(nm*km) range. Specifically, they 
cannot be compensated for, like in the case of CD, thus they add up 
significantly for long runs of fiber.

PMD can become a problem in the long distance network at 10 Gb/s or 
higher bit rates. Newly deployed fiber usually has been designed to 
minimize PMD but fiber installed some years ago may have significant 
PMD.



Click to edit Master subtitle style

Page 25

Why Measure PMD?Why Measure PMD?

Bit rate Measure Static compensation Dynamic compensation
2.5 Gb/s

10 Gb/s x
40 Gb/s x x

Measure PMD to…
• assess the transmission capacity of the fiber  
• Ensure that “good” fibers are utilized to carry the higher data 

rates
• Use “poor” fibers for lower data rates

Once we have found solutions for the modal and chromatic 
dispersions, now we observe a third kind, known as “Polarization-
Mode Dispersion.”

The modes travel through the same path in the fiber, but they have 
different orientation in polarization. Each polarization state, horizontal 
and vertical, has slightly different transmission characteristics, thus 
creating dispersion on the modulated signal been carried. 
These different polarization paths also produce different losses, 
therefore creating a loss dependency on polarization know as 
“Polarization Dependent Loss” or PDL.

Typical values for PMD are in the ps/(nm*km) range. Specifically, they 
cannot be compensated for, like in the case of CD, thus they add up 
significantly for long runs of fiber.

PMD can become a problem in the long distance network at 10 Gb/s or 
higher bit rates. Newly deployed fiber usually has been designed to 
minimize PMD but fiber installed some years ago may have significant 
PMD.
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Testing Polarization Mode Dispersion - JMETesting Polarization Mode Dispersion - JME

• One measurement 
technique is the 
Jones Matrix Eigen-
Analysis 

• Send known states of 
polarization down the 
fiber under test

TLS PolarimeterDUT

Polarization
Adjuster

Communication

Linear Polarizers

Once we have found solutions for the modal and chromatic 
dispersions, now we observe a third kind, known as “Polarization-
Mode Dispersion.”

The modes travel through the same path in the fiber, but they have 
different orientation in polarization. Each polarization state, horizontal 
and vertical, has slightly different transmission characteristics, thus 
creating dispersion on the modulated signal been carried. 
These different polarization paths also produce different losses, 
therefore creating a loss dependency on polarization know as 
“Polarization Dependent Loss” or PDL.

Typical values for PMD are in the ps/(nm*km) range. Specifically, they 
cannot be compensated for, like in the case of CD, thus they add up 
significantly for long runs of fiber.

PMD can become a problem in the long distance network at 10 Gb/s or 
higher bit rates. Newly deployed fiber usually has been designed to 
minimize PMD but fiber installed some years ago may have significant 
PMD.
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SummarySummary

• The Metro is the data “bottleneck”  

• Solutions to this bottleneck include the use of WDM and 
higher data rate optical signals

• Increasing the number of wavelengths on a single fiber 
through CWDM or DWDM increases the bandwidth but  
must be measured for signal quality

• Increasing the data rate increases the bandwidth.  
However, CD and PMD effects must be measured and 
mitigated 



Click to edit Master subtitle style

Page 28

The Agilent Modular Network Tester The Perfect FitThe Agilent Modular Network Tester The Perfect Fit

OSA

OTDR 

CD/PMD
Video 

Microscope

One 
Platform…

…all the 
solutions !!!
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• OFC 2003 – Georgia World Congress Center, 
Atlanta, Georgia March 23-28,  Booth #2318

• Cable-Tec Expo – Pennsylvania Convention 
Center, May 11-14

• SUPERCOMM 2003 - Georgia World Congress 
Center, Atlanta, Georgia June 1-5

See the complete line of Agilent Technologies’ 
OSP test products at these upcoming events!!

Upcoming EventsUpcoming Events
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from Agilent Technologies’ 
Optical Network Test Division

For more information go to www.otdr.com

Now Q&A!
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FREE Agilent Email UpdatesFREE Agilent Email Updates

Subscribe Today!

Choose the information YOU want.
Change your preferences or unsubscribe anytime. 

Go To:
www.agilent.com/find/emailupdates

Keep up to date on:
Services and Support Information Events and Announcement

- Firmware updates - New product announcement
- Manuals - Technology information
- Education and training courses - Application and product notes
- Calibration - Seminars and Tradeshows
- Additional services - eSeminars

In a moment we will begin with the Q&A but 1st, for those of you who 
have enjoyed today’s broadcast, Agilent Technologies is offering a 
new service that allows you to receive customized Email Updates. 
Each month you'll receive information on: 
•Upcoming events such as eSeminars, seminars and tradeshows
•the latest technologies and testing methods 
•new products and services 
•tips for using your Agilent products 
•updated support information (including drivers and patches) for your 
Agilent products 

It’s easy to subscribe and you can change your preferences or 
unsubscribe at anytime. Once you’ve completed the NetSeminar
feedback form you will be directed to Agilent’s resource page located 
on slide # XX, at that point simply click on the Agilent Email Updates
link and you will be directed to the subscription site. 

Now on to the feedback form then to Q&A……..


