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network cable

Considerations in outside 
fiber-optic cable design

Loose tube, ribbon, and micro loose tube cables 

are all options for outside-plant f iber cabling

BY DEREK WHITEHURST, Corning

Since the development of fiber optic 
cable in the mid-1970s, there has been 
a steady stream of innovations in man-
ufacturing, materials, and network 
systems which have advanced the de-
sign and capabilities of outside cables 
including loose tube, ribbon, and micro 
loose tube cables.

The cable that started the fiber op-
tic revolution in the 1970s was the 
loose tube configuration, which iso-
lated the optical fiber from the strains 
of installation by enclosing everything 
within fairly rigid protective sleeves or 
tubes. This design is still widely used 
today in harsh outdoor environments 
around the globe.

The 1990s saw the emergence of rib-
bon cable designs. This cable allowed for 
higher fiber counts and offered a time 
and cost savings realized from using 
mass fusion splicing to speed up network 
restoration and increase project turnover.

In the early 2000s, micro loose 
tube cables were first developed in 
Europe as an innovative approach 
to installing an optical network in a 
congested duct environment. These 
miniaturized stranded loose tube ca-
bles, with increased fiber counts per 

cross-sectional areas, could be in-
stalled with less cost and disruption 
than a rip-and-replace solution.

Typically, customer segments have 
standardized on one major cable type 
for their network or environment. 
However, as networks grow more com-
plex and bandwidth demands increase, 

it’s becoming more common for mul-
tiple cable families to be used in the 
same network. In this article, we will 
look at loose tube, ribbon, and micro 
loose tube cables and how the proper-
ties of low attenuation, scalability, and 
deployment velocity help define where 
each cable family fits within different 
segments of the network.

To being with, you should first un-
derstand your specific application and 
the desired capabilities in order to 
make smart choices concerning fiber 
optic cabling combinations. And de-
pending on your specific role, certain 
cable performance attributes will be 
more attractive than others. For exam-
ple, a network owner may be focused 
on deployment velocity or restoration 
speed, whereas a network designer 
may focus on system performance. An 
installer, on the other hand, may be 
concerned with safety and cable, and 
hardware ease-of-use.

Lowest loss or lowest latency
It’s a safe bet to assume that the end 
user’s main concern is peak opti-
cal performance. Customers demand 
low signal latency and low attenua-
tion for their optical communication 
services, and meeting these optical 
performance requirements is always 
top priority.

The major fiber-optic cable families used in outside plant environments are loose 

tube, micro cables, and ribbon.
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A good option for preventing sig-
nal loss is a loose tube design. Since 
the fiber is under no significant strain, 
and is generally very tolerant of axial 
forces, loose buffer-tube cables typi-
cally exhibit the lowest optical attenu-
ation losses.

Lower loss performance can also be 
attained by upgrading to a low-loss fi-
ber which is designed for longer dis-
tance applications. Generally speak-

ing, if your system is greater than 
100 km in length, low-loss fibers are 
worth evaluating for overall system 
cost savings.

Signal latency, defined as the time a 
signal enters a system until it emerges 
from that system, can be quantified in 
milliseconds in the optical communi-
cation space. In most typical systems, 
latency is not an issue and must meet 
some minimum threshold for satis-
factory performance of the network. 
However, in certain networks, less la-
tency can provide a competitive ad-
vantage if you’re trying to deliver your 
data faster than your competitors. A 
good example of this is in high-fre-
quency stock trading. Executing trades 
before the rest of the market, which 
can often mean beating your competi-
tors in milliseconds, can result in mil-
lions of dollars in profit.

Ribbon cable has an advantage in 
latency because of its inherit design 
when compared to a loose tube design. 
In a loose tube cable design, the excess 
fiber length allows the fiber to reduce 
or even eliminate the effect of tension 
on the cable because the fibers f loat 
in the buffer tubes. In a typical loose 
tube design excess fiber length typi-
cally runs an additional 2–8 percent of 
the total cable length. In a typical rib-

bon cable, there is zero to a fraction of 
1 percent excess fiber length.

Let’s look at an example of this by 
comparing a 550 km segment in a net-
work using either a ribbon cable or a 
loose tube cable. For a loose tube cable, 
5 percent excess fiber would result in a 
time of f light of 2.826 milliseconds. For 
a ribbon cable, time of f light would be 
2.697 milliseconds. This would provide 
a latency advantage of 0.129 millisec-
onds. If you are running a high-speed 
network, that small amount of time 
could matter tremendously.

Scalability/future deployments
Growth in fiber-based broadband 
and the associated network build-
outs is exploding worldwide, as ser-
vice providers race to satisfy demand 
for bandwidth-intensive services. As 
carriers begin to support 4G/5G and 

fiber-to-the-home in access networks, 
and as cloud service providers link 
data centers, requests for very high-fi-
ber-density cables — where fibers 
number in the thousands —are becom-
ing more common.

A general guide on the best cable 
families to use based on fiber counts 
needed is if your network is generally 
below 144 fibers, then loose tube is 
probably the best option. If your net-
work requires 288 fibers and above, 
ribbon is probably worth exploring 
as an option due to time savings in 
splicing (every network is different, 
so it’s important to look at other de-
cision parameters in addition to fiber 
counts). Micro loose tube cables, on 
the other hand, can act as a bridge op-
tion where you can start with lower fi-
ber counts (from 12 to 288 fibers) and 
then a properly designed system can 
allow you to scale up in the future 
with minimal installation cost (more 
on this below).

There are multiple ways to scale 
your network for the future either 
through upgrading to higher trans-
mission speeds or adding more fi-
ber. Generally, leveraging unused fi-
ber is the most cost effective method 
and is the point of overprovisioning. 
Depending on a facility’s technology 
upgrade timeline, it may not be de-
sirable to over-provision fibers from 
the outset. But one should have the 
f lexibility to group and use the avail-
able fibers as needed, and to add ad-
ditional fibers in the future without a 
major rework of the whole infrastruc-
ture. Typically, Corning recommends 
overprovisioning in fiber designs in 
ranges from 25-100 percent based on 
the uncertainty of future demand. 
There is no real difference in this ap-
proach for a loose tube or ribbon cable 
— just adding more fibers during ini-
tial construction.

On the far right is a standard loose-tube cable in a 1.25-inch duct. The other 

images are various configurations of micro cables and microducts.
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With a micro loose tube cable mi-
croduct system, there is another ap-
proach. An example would be install-
ing a 7-path microduct system instead 
of a standard cable. In the first mi-
croduct you could install a micro 
loose tube cable from 12-288 fibers. 
However, you have future potential 
to install up to six more 288-fiber ca-
bles, giving you capacity up to 2016 fi-
bers total. The pay-as-you-go model 
offered by micro loose tube cables 
provides an excellent cost-effective 
option to delay network cost until re-
quired, and allows you to leverage 
new advances in fiber in the future. 
The figure on the previous page shows 
various configurations of micro loose 
tube cables and microducts against 
a standard loose tube cable in 1 ¼-in 
duct on the far right.

Installation speed/
deployment velocity
Another factor to consider in cable se-
lection is the impact on deployment 
velocity. Saving time through better 
cable access and splicing methods can 
really add up to substantial impact 
across a network deployment.

Some newer loose tube cable jacket 
designs, which literally peel off with-
out the use of any tools, can reduce ca-
ble access times by 70 percent per ca-
ble. If you multiply those savings by 
the numbers of cables at each access 
point, you could potentially gain back 
hours of productivity every day.

Additionally, as fiber counts in-
crease, splicing time per splicing point 
can become a huge differentiator. One 
characteristic of a ribbon cable is that 
fibers are precisely organized for mass 
splicing or connectorization, making 
splicing ribbon cables a faster process 
compared to splicing loose tube ca-
bles because you can splice 12 fibers 
at a time, versus one at a time. This 

advantage translates into less installa-
tion time, less installation labor cost, 
and significantly less emergency res-
toration time.

As an example, let’s look at splic-
ing a very high-fiber-count cable. A 
general rule of thumb is that a single 
splice takes about four minutes, and 
a 12-fiber mass fusion splice takes 
about eight minutes per splice, re-
spectively. Splicing a 1728-fiber count 
cable (144 mass splices) would take 
about 19 hours of steady splicing for 
a ribbon cable. However, splicing a 
loose tube cable at this level would 
take approximately 115 hours. If you 
add those splice counts across a net-
work, it equals a huge increase in time 
and costs. Although these cable fi-
ber counts seems outrageous for most 
networks, as we’ve already noted, the 
demand for fiber counts this size is 
very real and growing.

Restoration velocity
Regardless of how well an outside plant 
cable is installed, there is the possi-
bility that something could go wrong. 
Buried cables can be cut by earth-mov-
ing equipment, and aerial cables can 
be damaged by falling trees. Once un-
planned network downtime occurs, 
your top priority is restoring service 
to the cable, and doing it as quickly as 
possible in order to minimize the im-
pact on customers.

We’ve already noted the benefits of 
ribbon cable in emergency restoration. 
Using the same criteria above on splic-
ing times, a 144-fiber loose tube ca-
ble would take approximately 10 hours 
to splice and a 144-fiber ribbon cable 
would take 1.6 hours. One additional 
consideration in planning for emer-
gency restoration is that when using a 
loose tube cable the most critical fibers 
can be identified and spliced by traf-
fic priority more precisely than with a 

ribbon cable.
A smart network planner makes 

sure he or she has additional fibers 
to not only clear a pathway for future 
scalability, but to also aid in emer-
gency situations. All cables should 
have spare fibers, especially since fi-
ber is extremely inexpensive com-
pared to installation or restoration 
costs. Having spare fibers makes it 
easy to simply switch fibers to re-
store operation.

Availability limitations
One last area that is worth mention-
ing is cable availability and the appro-
priate fibers for different applications. 
Micro loose tube cables are designed 
for use in microducts exclusively, so 
there are no armored cable options. 
Fiber designs for high-performance 
applications may not be available in 
all cable designs because they may not 
perform well in some configurations. 
As you explore your options based on 
the network criteria which is most im-
portant for your application, it is wise 
to have a good understanding of what 
is available from the different cable 
manufacturers so that you can elimi-
nate options at the beginning of your 
search versus after you have made 
a decision. 

The major cable families of loose 
tube, ribbon, and micro loose tube ca-
bles provide options throughout your 
network that, when used strategically, 
can offer low attenuation, scalability, 
and increase deployment velocity. As 
fiber drives deeper into the network 
and bandwidth demands continue to 
increase, examining all your cable op-
tions will help you create a network 
that is future ready and resilient.� u

Derek Whitehurst is director of global appli-
cations and competitive marketing with Corning 
Optical Communications.


