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In today’s competitive Broadband Access FTTx landscape, system operators are focused on 
various alternatives for increasing their revenue base by delivering more services to more 
customers in more markets.  To this end, operators are specifically looking for ways to 
leverage their existing network infrastructure to support expanding into the lucrative 
residential, commercial, and government sectors quickly and at a minimal cost.  The focus of 
this paper is on the basics of designing and deploying Coarse Wavelength Division 
Multiplexing (CWDM) systems based on modular Wave-Division-Multiplexing (WDM) 
technologies and pre-connectorized (“plug-and-play”) solutions.  
 
Coarse Wavelength Division Multiplexing (CWDM) is a proven, reliable, and cost-effective 
alternative that can extend the capacity and reach of the existing passive fiber optic plant to 
support many diverse applications.  Some key FTTx applications that can directly benefit 
from dedicated CWDM fiber connections include: 
 

• Providing individual business customers with dedicated fiber connections 
supporting Gigabit speeds or higher 

• Managing growth in the mainstay residential market through node splitting. 
• Providing fiber backhauls to remote wireless systems to improve reach and 

bandwidth including cellular towers and distributed antenna systems, and WiFi 
hot spots or umbrella systems.  

 
CWDM is a solution that provides a dedicated fiber connection while cost-effectively getting 
the most out of the existing MSO HFC or Telco fiber plant.  Readers may also refer to the 
following Corning Optical Communications' AENs for additional information on CWDM 
Systems: 
 

1) AEN 107: Test Procedure for Modular Pre-connectorized CWDM Systems with 
Basic Test Equipment 

2) AEN 108: Interference of Channels 3 and 9 in Analog Broadcast Systems with 
CWDM Fast Ethernet Overlay 

 

CWDM Basics 
 

In CWDM applications a fiber pair (separate transmit and receive) is typically used to serve 
multiple users by assigning a specific wavelength to each subscriber.  The process begins at 
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the Head End (HE) or hub, or Central Office (CO), where individual signals at discrete 
wavelengths are multiplexed, or combined, onto one fiber for downstream transmission.  See 
Figure 1. The multiplexing function is accomplished by means of a passive CWDM 
multiplexer (MUX) module employing a sequence of wavelength-specific filters.  The filters 
are connected in series to combine the various specific wavelengths onto a single fiber for 
transmission to the field.  In the outside plant a CWDM demultiplexer (DeMUX) module, 
essentially a mirror of the MUX, is employed to pull off each specific wavelength from the 
feeder fiber for distribution to individual FTTx applications.   

 
Figure 1: CWDM Network Schematic – Downstream Leg 

 
In the upstream (aka return) path the setup is essentially identical, with the only key 
difference being the direction of the traffic.  This type of architecture allows the service 
provider to serve numerous separate applications (up to 10 or more) with dedicated optical 
channels using only two feeder fibers. 

 

Signal Flow in Logical CWDM Network 
 

In order to properly deploy CWDM in an Access network FTTx application, a basic 
understanding of CWDM operation is needed.  Tracing the route of two information streams 
intended for two specific applications (at different wavelengths) is useful in understanding the 
logical network layout. 
 
Looking at the downstream path each information stream is transmitted from a hub at a 
specific discrete wavelength, for example 1470 and 1490 nm (See Figure 2).  The signals are 
launched from their respective transmitters through fiber jumpers connected to the CWDM 
multiplexer, which combines the 1470 nm and 1490 nm packets onto the downstream feeder 
fiber.  Since the two transmitters are at different wavelengths, signal interference between 
these channels is not a concern.  The feeder fiber then carries the combined signals 
downstream to the CWDM demultiplexer (DeMUX) module located in the field terminal.  The 
DeMUX module takes in the combined signals and separates them by wavelength before 
sending each wavelength or signal to an output port, which in turn will feed one drop fiber. 
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Figure 2: CWDM Network - Downstream 

 
Note in Figure 2 the order of the filters within the MUX and Demux units.  To account for the 
aggregate filter insertion loss for each channel and to balance this out, it is generally 
recommended that the order of the filters be reversed between the two modules.  This is 
called “filter paring.  
 
The return path is much the same as shown in Figure 3.   
 

Figure 3: CWDM Network – Upstream return 
 
As is shown, each CWDM MUX and DeMUX module consists of multiple concatenated band-
pass filters.  This means that each filter will only allow one wavelength, or narrow range of 
wavelengths, to pass through.  Wavelengths not within the range of the concatenated filters 
are eventually directed to the DeMUX output port that can connect to another filter module, 
or be used for system testing or monitoring as will be described later. 

 

CWDM Product Selection Basics 
 

Selecting the appropriate products for the WDM Access Network is critical to a successful 
deployment strategy and return on investment.  The primary components for the outside 
plant are: fiber optic cables, WDM terminals (enclosures for housing WDM devices), passive 
components, and cable assemblies.  Fiber optic cables and hardware for FTTB must be 
designed for placement outdoors and may be installed aerially or underground.  Cables 
specifically located below grade may be direct buried or placed in underground ducts using 
various installation methods. Terminals, which are closures containing passive filters for 
CWDM applications, must be mechanically rugged and secure for the intended environment. 
Combined, these products are exposed to the various rigors of the outdoor environment, 
which are much more diverse and severe than the climate-controlled indoor environment.  
Products placed outdoors must be able to withstand harsh environmental conditions such as: 
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solar radiation, temperature extremes, wind driven rain, and ice, even in the applications 
space. 

 

CWDM System Design Basics 
 

As operators look to expand their services market, it is often difficult to accurately forecast 
the location, take rates, and growth patterns of future FTTx customers.   This makes network 
planning both complicated and necessary.   The key elements to CWDM network planning 
are: 
 

 Identifying high-potential service areas for FTTx customers 
 Analyzing residential network demands   
 Mapping total channel/bandwidth demand over existing fiber plant  
 Identifying Right-of-Way capabilities/limitations 
 Managing loss budgets at the limiting wavelength 

 
Understanding the demographics of the regional customer base and how it overlays with the 
current network is critical to effective network planning.  Poor planning, such as failing to 
adequately account for growth, can cause significant long-term issues, especially in systems 
constructed in a piece-part fashion. 
 
Although there are many viable topologies and architecture that can be used to meet specific 
FTTx needs, a detached-star topology (see Figure 4) offers several advantages over other 
options, mostly in terms of flexibility and ease of maintenance. First, it reduces the need to 
access the main trunk line and existing closure once the CWDM terminal is established off 
the main fiber line.  Therefore, the system operator can then manage the drop portion of the 
FTTx network from the CWDM terminal without disturbing established lines, thereby 
minimizing the risk to the existing network and avoiding the need to interrupt services to 
customers served off active fibers.  Second, growth is easily facilitated by attaching 
additional wavelength filter modules to the input and output ports of the existing mux/demux 
devices located within the field terminal and at the hub.  By using CWDM modules and pre-
connectorized cables, capacity for additional customer applications can be quickly and easily 
added to allow for an increase in revenue potential.   
 

Figure 4: CWDM Detached Start & Applications 
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Hybrid CWDM-DWDM Systems 
 

In situations when the potential for network growth exceeds the capacity of pure CWDM, 
there is a cost effective and easily managed alternative to going to pure DWDM.  This 
method employs a wavelength bypass scheme to allow CWDM to be used initially, and then 
DWDM channels in the C-band added to support additional channel capacity in a hybrid 
CWDM/DWDM configuration.  The result is a tradeoff of two CWDM channels (1530 and 
1550 nm) to allow for the addition of up to 40 or more DWDM channels, depending on the 
channel spacing used.  The key benefit to this type of system growth strategy vs. pure 
DWDM is that costly DWDM component purchases can be significantly delayed until the time 
when the additional capacity is needed, thereby keeping per-channel costs to an absolute 
minimum.  As the cost of DWDM electronics has dropped sharply over the last several years, 
a trend that is expected to continue, delaying DWDM deployment can save the operator 
thousands of dollars per customer while they service current FTTB needs using CWDM.  A 
properly planned CWDM system will allow for DWDM to be easily integrated without service 
interruptions to existing CWDM business customers. Figures 5 and 6 show graphically how 
this hybrid system management is accomplished. 
 

 
Figure 5 – ITU CWDM Channel Plan with DWDM Overlay 

 
 

Figure 6 – Network Schematic of CWDM with DWDM Overlay 
 

Summary 
 

There exists today a viable and cost effective way for carriers with limited fiber assets to 
support an extensive FTTx offering using pre-connectorized products and CWDM technology.  
Because of the number of key considerations in specifying, designing, ordering and installing 
a CWDM overlay, providers considering deploying a CWDM network will find significant 
value in partnering with Corning Cable Systems as a knowledgeable manufacturer.   

 


