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_whatis WOM?L S YV ]

WDM stands for nWavelength D

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

Each wavelength of |1 ght nca

This can be accomplished using a variety of different
passive optical filters (CWDM, DWDM, BWDM, etc.)
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What 1 s WDM? (Cont @

rAFL

WDM Filter WDM Filter
Single Strand of Fiber

T~ _—

— T~

Different wavelengths of light Different wavelengths of light
combined or multiplexed separated or de-multiplexed
(mux®d)d i nto fiber (die mux)ddout o
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_why use WOM?Z S YV ]

WDMSs increase the data-carrying capacity of fiber optic
cable

How is this done?

Each wavelength of light acts as an independent data-carrying
Apat hwayo

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

Increasing the number of wavelengths on a fiber increases the
numberofdata-c ar r yi ng fnApat hways, o whi c
overall data-carrying capacity of the fiber
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Why use WDM? (Cont

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

256185 m— S —l

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

2.5 Gigfs

2.5 Gig/s

~— _——
2.5 Gigfs  eo—- O N O —
— T~

2.5 Gigfs

2.5 Gig/s
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WDM Technology - CWDM FAFL

CWDMst and€oafsemr Wavel ength Div
Multiplexer

One of the most distinguishing features of this type of WDM
device Is the spacing between the wavelengths

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

AFL COMPANY CONFIDENTIAL



FAFL

CWDM 1T 18 Available Wavelengths/Channels

e EEE—

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

1t 1T T 1T T 1T T 71T 71T 1

1200 1300 1400 1500 1600 1700
Wavelength (nm)
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CWDM 1 Spectrum Bands and Applications

Region 1 (1260 - 1360nm) Region 2 (1360 - 1420nm) Region 3 (1420 - 1625nm)
A Legacy Node Traffic A Typically not occupied (due to water peak) A Most common CWDM wavelengths
A Upstream PON A G.652D can be used (low water peak)

G.652D Low Water Peak Fiber Attenuation (dB/km)

1200 1300 1400 1500

AFL COMPANY CONFIDENTIAL Wavelength (n m)

A, # M,
L
O-Band E-Band S-Band C-Band L-Band
1260-1360nm 1360-1460nm 1460-1530nm 1530-1565nn}  1530-1565nm




FAFL

Another distinguishing feature of CWDM devices is the
signal profile

-15

Power (dBm) .30

45

—

1538.0 15445 1551.0 1557.5 1564.0

-60

Wavelength (nm)
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CWDM 1 Signal Profile (Passband)

Passband for a CWDM channel is +/- 6.5 nm center wavelength

Center of Channel
Passband (1551nm is center wavelength)

15 |

Power (dBm)  _3q

R_

| |
1538.0 15445 1551.0 1557.5 1564.0
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CWDM 1 Signal Profile (Passband take-aways)

CWDM Passband = Center Wavelength +/- 6.5 nm
le: The passband of 1551 is 1544.51 1557.5 nm

Per ITU-T standards, the center wavelength is defined on
the Al10, not the nO0O

le: 1551 is correct, 1550 is incorrect

Since 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 1T Signal Profile (Isolation)

Typical Adjacent Channel Isolation for a CWDM Filter = ~30 dB or better

Channel of Interest Adjacent Channel
0 - | |
' |
| |
P | |
5 | |
5 .
= .30 | | Isolation
D?? : : (Adjacent Channel)
45 _| I I
| |
| | v
-60 | | 1 | | I

1538.0 1544.5 1557.5 1564.0
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FAFL

*More simplified and conservative definition of Adjacent Channel Isolation*

Isolation
(Adjacent Channel)

l

Power (dBm)

'60 I [ [ [ I | [

1538.0 1544.5 1557.5 1564.0 1577.5 1584.0

Wavelength (nm)
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CWDM i Signal Profile (Isolation take-aways

When 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.

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

Additionally, a variety of environmental factors such as
temperature can cause these peaks to alter shape and
even ndrifto (although motalle
can occur when adjacent channels drift toward one

another)
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FAFL

' v

Pass-band Ripple
Power (dBm) -30 — =ILminT IL max

—

-60 T T | | |
1538.0 15445 1551.0 1557.5 1564.0

45
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CWDM i Filter Technology FAFL

Thin Film Filter
Free Space Filter

AWG (Arrayed Waveguide Grating) Filter
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CWDM i Filter Technology (Thin Film Filter) FAFL

Wavelength A

<€

e / Common
Pass ><

G Reflect
Collumnator J‘_/ ’% Collumnator
GRIN Lense GRIN Lense

Thin Film

Adhesives and filling compounds Wavelength A, B, C

Wavelength B, C

Pros cons

Allows for highly customized Marginally higher IL
device configurations

Larger package size
Economical

Faster Lead Time

AFL COMPANY CONFIDENTIAL



CWDMi Fi | ter Technol ogy  (Thi

~

l ndi vidual Thin Film Filters are spliced into a fAc

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

>
Common

1611nm
( 1611

1591nm
<& 1591

1571nm
<€ 1571

1551nm
<€ 1551

Terminal Qr

3 All other wavelengths are
fExpressO passed through the

1471, 1491, 1511, and 1531 nm <€
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CWDM i Free Space Filters FAFL

Wavelength A, B, C
5

—_— Grating

A

B

Le ns

AAA

C

Pros cons

Extremely High Uniformity Less Design Flexibility

Very Small Packages Possible Longer Lead Times
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FAFL

Wavelength A, B, C

B
@ Light of different wavelength \ \
@ Free space propagation region

C
@ Waveguides of different length \

@ Interference at the entries of the output waveguides
(8 Spatial and spectral separation of light

Pros Cons
Large Channel Count/Density High Cost (@ Low Ch Counts)
Possible

Low Cost (@ High Ch Counts)

Temperature Insensitive (Athermal)
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CWDM 1 Additional Terms and Definitions

r AFL

Directivity = Signal leakage into other input / output ports

Output Light
Input Light (all light should exit out this port)

— —

Pass

Common

e
4

T Reflect

\
Unwanted Output Light Leakage
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CWDM 1T Additional Terms and Definitions

r AFL

Return Loss = the back reflectance along the incident
optical path

Input Light

Output Light /

(all light should exit out this port)
Unwanted Reflected Light

<€ | >
Pass '_/
I_\

Common

T Reflect
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FAFL

Concepts and terms that also apply to DWDM technology
Passband
Isolation
Ripple
Directivity
Return Loss

Filters also found in DWDM devices
Thin Film Filters
Free Space Filters
AWG Filters
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DWDM 1 Differences as compared to CWDM

Channel/Wavelength Spacing
DWDM Channels are spaced closer together

Passband
DWDM passband is narrower

Smaller region of occupation on the Wavelength Spectrum

Since 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 1T Channel/Wavelength Spacing FAFL

Power

A single CWDM Channel
CWDM Channel Spacing = 20 nm

|
Power

1538.0 1544.5 1551.0 1557.5 1564.0

Wavelength (nm)
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Multiple DWDM Channels
DWDM Channel Spacing = 0.8 nm

1538.0 1544.5 1551.0 1557.5 1564.0

Wavelength (nm)



DWDM 1T Channel/Wavelength Spacing

16 DWDM Channels can fit within the passband of a
single CWDM Channel!!!

LI —

1538.0 15445 1551.0 1557.5 1564.0

Power

Wavelength (nm)
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FAFL

The passband of a DWDM Ch is much narrower than the passband of a CWDM Ch

Passband = ~0.25 n

Power
|

i H

i

i

i

|

|

i

i

i
\!/

1538.0 15445 1551.0 1557.5 1564.0

Wavelength (nm)
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DWDM 1T Location on the Wavelength Spectrum

Most Commercial DWDM Channels are found within the C-band

O-Band E-Band S-Band L-Band
1260-1360nm 1360-1460nm 1460-1530nm 1530-1565nm | 1530-1565nm
)
=
(®)
(a
1200 1300 1400 1500 1600 1700

Wavelength (nm)
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