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ǒWhat is WDM? 

ǒWhy use WDM? 

ǒWDM Technology 

ǒApplications 

ǒCommon Product Configurations 

ǒTesting/Troubleshooting 

 

 

 

 

Overview 
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ǒWDM stands for ñWavelength Division Multiplexingò 

ǒWavelength Division Multiplexing is a method of 
combining/separating multiple wavelengths of light 
into/out of a single strand of fiber 

ǒEach wavelength of light ñcarriesò a different signal 

ǒThis can be accomplished using a variety of different 
passive optical filters (CWDM, DWDM, BWDM, etc.) 

What is WDM?  
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What is WDM? (Contôd) 

Single Strand of Fiber 

 

 

 

Different wavelengths of light 

combined or multiplexed 

(ñmuxôdò) into fiber 

 

 

 

WDM Filter 

 

 

 

WDM Filter 

 

 

 

Different wavelengths of light 

separated or de-multiplexed 

(ñdemuxôdò) out of fiber 
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ǒWDMs increase the data-carrying capacity of fiber optic 
cable 

ǒHow is this done? 

ÁEach wavelength of light acts as an independent data-carrying 
ñpathwayò 

ÁWDM filters allow multiple wavelengths of light to be added to a 
single fiber 

ÁIncreasing the number of wavelengths on a fiber increases the 
number of data-carrying ñpathways,ò which in turn increases the 
overall data-carrying capacity of the fiber 

 

 

 

 

 

 

Why use WDM? 
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Why use WDM? (Contôd) 

Data Transfer Rate with 1 Wavelength per Fiber = 2.5 Gig/s 

Data Transfer Rate with Multiple Wavelengths per Fiber = (2.5 Gig/s) x (# of Wavelengths) = Larger Capacity 
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WDM Technology - CWDM 

ǒCWDM stands for ñCoarseò Wavelength Division 
Multiplexer 

ǒOne of the most distinguishing features of this type of WDM 
device is the spacing between the wavelengths 

ǒPer ITU-T Standard G.694.2 the channel spacing between 
CWDM wavelengths is 20 nm 
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CWDM - Wavelengths 

1200 1300 1400 1500 1600 1700 

Wavelength (nm) 

1271 1291 1311 1331 1351 1371 1391 1411 1431 1451 1471 1491 1511 1531 1551 1571 1591 1611 

CWDM ï 18 Available Wavelengths/Channels 
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CWDM ï Spectrum Bands and Applications 

1200 1300 1400 1500 1600 1700 

Wavelength (nm) 

Region 1 (1260 - 1360nm) 
Å Legacy Node Traffic 

Å Upstream PON 

Å CORWave 

 

 

 

Region 2 (1360 - 1420nm) 
Å Typically not occupied (due to water peak)   

Å G.652D can be used (low water peak) 

 

 

 

Region 3 (1420 - 1625nm) 
Å Most common CWDM wavelengths  
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CWDM ï Signal Profile  

ǒAnother distinguishing feature of CWDM devices is the 
signal profile 

 

 

 

 

 

 

 

 

 

 

 

Power (dBm) 

Wavelength (nm) 

0 

-60 

-15 

-30 

-45 

1551.0 1557.5 1544.5 1538.0 1564.0 
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CWDM ï Signal Profile (Passband)  

Power (dBm) 

Wavelength (nm) 

0 

-60 

-15 

-30 

-45 

1551.0 1557.5 1544.5 1538.0 1564.0 

Center of Channel   

(1551nm is center wavelength) Passband 

-6.5nm +6.5nm 

Passband for a CWDM channel is +/- 6.5 nm center wavelength 
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CWDM ï Signal Profile (Passband take-aways)  

ǒCWDM Passband = Center Wavelength +/- 6.5 nm 

ÁIe: The passband of 1551 is 1544.5 ï 1557.5 nm 

ǒPer ITU-T standards, the center wavelength is defined on 
the ñ1ò, not the ñ0ò 

ÁIe: 1551 is correct, 1550 is incorrect  

ǒSince CWDM technology utilizes filters with large 
passbands (relative to DWDM), the channel spacing must 
also be large (20 nm) and in turn the amount of wavelength 
spectrum consumed is significant 
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CWDM ï Signal Profile (Isolation)  
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Wavelength (nm) 

0 

-60 

-15 

-30 

-45 

1551.0 1557.5 1544.5 1538.0 1564.0 

Isolation  

(Adjacent Channel) 

1571.0 

Channel of Interest Adjacent Channel 

Typical Adjacent Channel Isolation for a CWDM Filter = ~30 dB or better 
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CWDM ï Signal Profile (Isolation)  
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Wavelength (nm) 
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-45 

1551.0 1557.5 1544.5 1538.0 1564.0 1571.0 1577.5 1584.0 

Isolation  

(Adjacent Channel) 

*More simplified and conservative definition of Adjacent Channel Isolation* 
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CWDM ï Signal Profile (Isolation take-aways)  

ǒWhen the active equipment interprets an optical signal, it is 
important that the signal possesses tall, well-defined peaks 
for each channel. This trait allows the individual signal 
peaks to be easily distinguishable from one another. 

ǒA high isolation filter makes this possible by attenuating 
signal immediately outside of the channel passband (sharp 
drop-off). 

ǒAdditionally, a variety of environmental factors such as 
temperature can cause these peaks to alter shape and 
even ñdriftò (although more common with DWDM, cross-talk 
can occur when adjacent channels drift toward one 
another)  
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CWDM ï Signal Profile (Ripple)  

Power (dBm) 

Wavelength (nm) 

0 

-60 

-15 

-30 

-45 

1551.0 1557.5 1544.5 1538.0 1564.0 

IL min 

IL max 

Pass-band Ripple  

= IL min ï IL max 
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CWDM ï Filter Technology 

ǒThin Film Filter  

ǒFree Space Filter 

ǒAWG (Arrayed Waveguide Grating) Filter 
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CWDM ï Filter Technology (Thin Film Filter) 

Pass

Common

Reflect
Collumnator

GRIN Lense

Thin Film

Collumnator

GRIN Lense

Adhesives and filling compounds Wavelength A, B, C Wavelength A 

Wavelength B, C 

Pros 

ǒAllows for highly customized 
device configurations 

ǒEconomical 

ǒFaster Lead Time 

 

Cons 

ǒMarginally higher IL 

ǒLarger package size 
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CWDM ï Filter Technology (Thin Film Filter Contôd) 

Wavelengths 1471, 1491, 1511, 1531, 1551, 1571, 1591, and 1611nm 

1611nm 

1611

Common

1591

1571

1551

Terminal or 

ñExpressò

Individual Thin Film Filters are spliced into a ñcascadeò in order to filter the appropriate wavelengths 

 

 

 

 

 

 

 

 

 

 

 

 

1591nm 

1571nm 

1551nm 

All other wavelengths are  

passed through the ñExpressò Port 

1471, 1491, 1511, and 1531 nm  
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CWDM ï Free Space Filters 

Wavelength A, B, C 

Pros 

ǒExtremely High Uniformity 

ǒVery Small Packages Possible 

 

 

Multiple ɚ Fiber Array 

Lens  

Grating  

Single fiber input 

A 

B 

C 

Cons 

ǒLess Design Flexibility 

ǒLonger Lead Times 
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CWDM ï AWG Filters 

Pros 

ǒLarge Channel Count/Density 
Possible 

ǒLow Cost (@ High Ch Counts) 

ǒTemperature Insensitive (Athermal) 

 

Wavelength A, B, C 

A 

B 

C 

Cons 

ǒHigh Cost (@ Low Ch Counts) 
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CWDM ï Additional Terms and Definitions 

ǒDirectivity = Signal leakage into other input / output ports 

 

 

 

 

 

 

 

 

 

 

 

Input Light 

Unwanted Output Light Leakage 

Output Light  

(all light should exit out this port) 



AFL COMPANY CONFIDENTIAL 

CWDM ï Additional Terms and Definitions 

ǒReturn Loss = the back reflectance along the incident 
optical path 

 

 

 

 

 

 

 

 

 

 

 

Unwanted Reflected Light 

Input Light 

Output Light  

(all light should exit out this port) 
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WDM Technology ï DWDM  

ǒConcepts and terms that also apply to DWDM technology 

ÁPassband 

ÁIsolation 

ÁRipple 

ÁDirectivity 

ÁReturn Loss 

 

ǒFilters also found in DWDM devices 

ÁThin Film Filters 

ÁFree Space Filters 

ÁAWG Filters 
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DWDM ï Differences as compared to CWDM 

ǒChannel/Wavelength Spacing 

ÁDWDM Channels are spaced closer together  

 

ǒPassband 

ÁDWDM passband is narrower 

 

ǒSmaller region of occupation on the Wavelength Spectrum 

ÁSince DWDM Channels are spaced closer together and the 
passband is narrower than the amount of wavelength spectrum 
occupied is less than that of CWDM devices 
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DWDM ï Channel/Wavelength Spacing 
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Wavelength (nm) 

1551.0 1557.5 1544.5 1538.0 1564.0 

Wavelength (nm) 

1551.0 1557.5 1544.5 1538.0 1564.0 

A single CWDM Channel 
CWDM Channel Spacing = 20 nm 

Multiple DWDM Channels 
DWDM Channel Spacing = 0.8 nm 
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DWDM ï Channel/Wavelength Spacing 

Wavelength (nm) 

1551.0 1557.5 1544.5 1538.0 1564.0 

P
o
w

e
r 

16 DWDM Channels can fit within the passband of a  

single CWDM Channel!!! 
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DWDM ï Passband 

The passband of a DWDM Ch is much narrower than the passband of a CWDM Ch 
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Wavelength (nm) 

1551.0 1557.5 1544.5 1538.0 1564.0 

Passband = ~0.25 nm 
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DWDM ï Location on the Wavelength Spectrum 

Most Commercial DWDM Channels are found within the C-band 

O-Band 

1260-1360nm 

E-Band 

1360-1460nm 

S-Band 

1460-1530nm 

C-Band 

1530-1565nm 

L-Band 

1530-1565nm 

1200 1300 1400 1500 1600 1700 
                 Wavelength (nm) 
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