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Future Fiber technology

Wavelength-division multi-
plexing (WDM) technology 
combines several optical traf-

fic paths onto a single fiber by using dif-
ferent wavelengths (colors) of laser light. 
The optical traffic paths are independent 
and carry diverse services such as Giga-
bit Ethernet and SONET.

Until now, telecommunications sys-
tems have used fixed-wavelength optics 
in the access market. Each laser and re-
ceiver is fabricated to send or receive a 
specific wavelength of light. Because of 
the complexity and expense of managing 
multiple types of optical network termi-
nals, WDM has not been popular in the 
access market. Instead, operators use 
multiple fibers with active electronics, as 
well as Ethernet and gigabit passive opti-
cal networks (EPON and GPON). 

However, in the core and metro mar-
kets, where traffic volumes are much 
higher, WDM systems have gained pop-
ularity with service providers. WDM al-
lows them to expand the capacity of their 
fiber networks without pulling more fi-
ber, which is a far more expensive option. 
Each wavelength provides the same per-
formance as a dedicated fiber, with sym-
metrical dedicated bandwidth, quality-
of-service guarantees for each service and 
secure connections without port sharing. 

As they gained experience with 
WDM, service providers learned that 
managing spares can become a burden 
and that, considering the expense of la-
sers, keeping stocks of spares results in 
stranded assets. Around 2004, the core 
and metro markets moved from equip-

Tunable Optics  
In the Access Market

ment dedicated to specific wavelengths 
to tunable 10 Gbps lasers and receivers. 

Recent developments in tunable 
optics have now made 1 Gbps and 2.5 
Gbps WDM services affordable for the 
access market. At the same time, the 
telecom industry has begun looking for 
affordable ways to increase customer ca-
pacity to 1 Gbps. 

WDM Technology evoluTion
The first WDM systems, which com-
bined two signals, appeared around 
1985. Technology advances soon in-
creased the number of channels dramat-
ically, and modern dense WDM systems 
can combine as many as 160 channels. 
Channel spacing dictates how many 
channels can be combined on a single 
fiber – for example, 100 GHz (0.8 nm) 
grid spacing carries 32 to 40 channels, 
and 25 GHz (0.2 nm) spacing carries up 
to 160 channels.

Early dense WDM systems were ex-
pensive and complicated to run because 
they required laser transmitters to be sig-
nificantly stable in environmental con-
ditions that required power-consuming 
thermoelectric cooling circuitry. WDM 
technology for access and metro mar-
kets evolved toward the less expensive 
option of coarse WDM (CWDM), or 
18 wavelengths in channels spaced at 20 
nm. This wide spacing allows CWDM 
systems to use low-cost, uncooled lasers 
with wideband filters. CWDM achieved 
ITU-T standardization in 2003. Since 
then, the market has segmented into 
dense and coarse WDM. 

Because CWDM has only 18 wave-
lengths, it is attractive only in areas with 
moderate traffic growth projections. For 
higher-growth markets, service provid-
ers look to alternative multiplexing tech-
nologies such as 10G Ethernet. However, 
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Operators have used tunable lasers that adapt automatically to different 
wavelengths in the core network to maximize the capacity of existing fiber. 
Now, they’re becoming available for the access market, too.

New developments in tunable optics have made  
1 Gbps WDM affordable in the access network – 

just as 1 Gbps services are needed.
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with both the access and metro markets 
growing more rapidly, 10G Ethernet 
may also become a limited option – and, 
as discussed below, it requires the use of 
multiple wavelengths. Sooner or later, 
service providers will need dense WDM 
in access networks.

ProjecTeD increAses  
in MulTiPlexeD WDM PorTs 
In residential fiber networks, service 
providers have been deploying active 
Ethernet, GPON and EPON technolo-
gies with total bandwidth capabilities of 
1 Gbps or 2.5 Gbps. These access tech-
nologies use a single wavelength on each 
fiber, which allows the access service 
provider to keep a stock of optics for one 
specific wavelength. 

As residential customer speeds have 
increased well beyond the 10–20 Mbps 
range that was common a few years ago, 
service providers have begun looking 
at upgrading to 10G technologies. The 
new 10G standards require multiplexed 
wavelength optics, which increase capi-
tal and operating costs for service pro-
viders. For example, as shown in Figure 
1, 10G-EPON requires an increase from 
one transceiver optics option to four, re-
sulting in more complex operations and 
in a fourfold increase in the shelf cost of 
stock inventory.

In the business market, many met-
ropolitan networks have not been up-
graded to keep up with the increase in 
traffic. Lack of network capacity, called 
fiber exhaustion, is a problem service 

providers want to solve immediately. 
However, providers face two hurdles:

1 The worldwide shortage of fiber has 
caused delays that could extend fiber 
builds for several months.

2 The cost of pulling new fiber is high.

WDM addresses these hurdles be-
cause it allows more services to be added 
over a single existing optical fiber with-
out interrupting service to customers. 

In the enterprise market, the growth 
of cloud computing, which requires in-
terconnecting geographically dispersed 
local area networks and storage area 
networks, has also increased demand for 

bandwidth capacity. Enterprises, too, 
can benefit from WDM by integrating 
multiple Gigabit Ethernet, 10 Gigabit 
Ethernet and Fibre Channel links over 
a single optical fiber.

The combined effect of these trends 
throughout the access market is poten-
tially very large. A recent Infonetics Re-
search market study shows that 1G ports 
represented 96.5 percent of all ports 
shipped on service provider and enter-
prise equipment in 2010. Thus, moving 
from fixed 1G ports to multiplexed 1G 
ports will create a tsunami of capital and 
operations expenses for service providers.

Figure 1: The 10G-EPON standard allows 
four options for transceiver optics to coexist. 
Source: Teknovus

Figure 2: The access network accounts for the vast majority of network ports. 

Figure 3: The ability to change wavelength on demand enables new revenues for service providers. 

source: optical  
internetworking Forum

source:  
soliD Technologies
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BeneFiTs oF TunABle oPTics
Fixed optics are static because they are 
wavelength-specific. Provisioning these 
optics requires telling a network techni-
cian to select a specific wavelength optic 
from the stock inventory and insert it 
in a specific network location. This can 
take as much as several weeks, delaying 
revenues from new services.

The Optical Internetworking Forum, 
an industry association, showed the im-
pact of this process on revenues across 
the telecom industry (see Figure 3). Ap-
plying this analysis to the access market 
alone would show a similar impact.

Manual provisioning also drives up 
operations costs, as shown in Figure 4, 
which also applies to the access market.

Figure 4: Tunable lasers can also generate significant opex savings. 

source: optical  
internetworking Forum

Figure 5: Tunable lasers can reduce capital costs by limiting the number of different spare parts 
kept in inventory.

source: optical  
internetworking Forum

Tunable lasers reduce capex because only one type 
of ONT is needed in inventory, and they reduce opex 

because they are easier to install and provision.

From a capital cost perspective, the 
impact of tunable optics in the access 
market may be huge. With the growing 
number of multiplexed WDM ports, 
tunable optics on the cost of stock in-
ventory will show a similar trend to the 
graph shown in Figure 5. 

oPTions For TunABle oPTics
There are several options for tunable op-

tics, based on a variety of structures and 
tuning methods.

1 Thermally tuned distributed feed-
back lasers (DFBs): single element 
with narrow thermal tuning

2 Integrated DFB array: integrated 
combiner, temperature tuned

3 Switched DFB Array: microelec-
tromechanical systems (MEMS) 
switched, temperature tuned

4 Distributed Bragg reflector (DBR) 
chips: current tuned

5 Sampled grating DBRs (SGDBRs): 
current tuned

6 Vertical cavity surface emitting la-
sers (VCSELs): MEMS tuned

7 External cavity lasers (ECLs): me-
chanically tuned

SOLiD Technologies’ patented tun-
able optics uses an external cavity laser 
with no mechanical parts. It does not 
require an external seed light source. 
The seed light is self-generated using 
a voltage applied to a heating element 
within the laser and is self-tuned to the 
100 GHz grid wavelengths defined by 
the ITU G.694.1 standard. The design 
of this optical module yields additional 
benefits. It is

• Immune to large distance variation 
between destinations (-7db to -27db)

• Immune to dirty connectors
• Immune to reflection from splices
• Immune to temperature variations 

within operating temperature range
• Self-tuning to the standard 100GHz 

grid 
• Capable of auto-attenuation – no 

need to manually attenuate
• Capable of auto-dispersion compen-

sation – no need to manually ac-
count for dispersion

• Capable of multiplexing 32 trans-
mit and 32 receive wavelengths on a 
single fiber.
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Because of the allowance for large 

distance variations, network equipment 
supporting this method of tunable op-
tics can be deployed in multiple topolo-
gies over distances of 60 km without ex-
ternal optical amplifiers. In addition to 
point-to-point topology, network equip-
ment may be deployed in other, more  
fiber-efficient topologies that include 
tree and branch, chains, and rings:

• A tree-and-branch network maxi-
mizes the use of each hub-site port 
and minimizes fiber requirements. 
In this network configuration, a fiber 
link from the hub site is terminated 
at a single remote location before be-
ing passively split out to a number of 
individual point-to-point fibers. 

• A chain also maximizes the use of 
each hub-site port and minimizes 
fiber requirements. In this case, a 
number of drops cascade and share a 
single connection to the hub site. 

• A ring network’s main advantage 
over a chain is that it provides an 

alternative path to maintain con-
nectivity between the hub site and 
serving areas in the presence of a 
link failure at any one segment in 
the ring. However, a ring requires 
two dedicated ports at the hub site 
per network and an additional inde-
pendent fiber network to provide the 
redundant protection path.

In these topologies, the network 
equipment supports autotuning of the 
tunable optics so that the system does 
not need to be provisioned out of the box.

FuTure iMPAcTs oF TunABle 
oPTics in The Access MArkeT
DWDM provides similar fiber recla-
mation capabilities for fiber builds that 

use active electronics, which have been 
popular with municipal deployers. Sim-
ilarly, DWDM may be used to provide 
fiber reclamation for cellular backhaul, 
in-building wireless backhaul and cloud 
services. DWDM allows service provid-
ers to run these services and networks in 
parallel across the same fiber.

SOLiD Technologies’ patented tun-
able optics is robust, does not require 
an expensive external seed light and is 
designed for low-cost mass production. 
Along with its self-tuning capabilities, 
this new tunable technology is very af-
fordable and deployable in the access 
market, especially for 1 Gbps and 2.5 
Gbps services. v

WDM allows operators to run multiple services, such 
as cellular backhaul, in-building wireless backhaul 

and cloud services, in parallel across the same fiber. 


