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Qutside Plant Connections

You Can Rely On

A new class of rugged fiber optic connectors has been introduced to speed
residential connection in Fiber-To-The-Premises (FTTP) cabling networks. The
connectors are strategically located in the distribution network to facilitate
service connection, maintenance and reconfiguration of subscriber services.
Connectors are typically staged at the street outside a residence to facilitate

easy access and connection to the residence at a later date. The rugged

connectors protect against extreme temperature, moisture, ultraviolet radiation,
chemical exposure and other harsh conditions typically found in the outside
plant. Rugged connectors provide a watertight seal and are typically installed in
multi-port fiber terminals or closures located at the street. Since the seal is
watertight terminals and closures may be installed out of sight in below ground
hand-holes or clearly visible and accessible in locations such as pedestals and
aerial installations. Rugged connectors are also installed in the Optical Network
Terminal (ONT) equipment located at the premises. The rugged connector is
mated to rugged adapters on the external surface of enclosures so that
connections can be completed without opening the enclosure thus saving
significant time in actually completing the circuit. Drop cables are connectorized
in the factory with rugged connectors so that a technician, who need not be an
expert in fiber splicing, can install the drop cable between the terminal and the
home quickly. Extensions of the technology include multi-fiber connectors for
installing larger cables and connectorized terminals. The rugged connector
technology allows deferral of hardware and cables until they are required and
then efficient and economic interconnection to the residence once service is

requested.



Outside Plant Connections You Can Rely On

Consumer demand for high bandwidth services has
spurred innovation in network deployment and
associated service connections. Service providers, such as
telephone companies, cable television companies, etc.,
understand that customers want high-bandwidth services
with low cost, high reliability and they want services
connected quickly once a service order has been initiated.
Past attempts at providing high bandwidth
communication over existing copper lines or coax cables
has not provided the bandwidth to meet the demands
from users over the next few years. Therefore service
providers are now deploying new Fiber-To-The-Premises
cabling networks with virtually unlimited bandwidth
capacity. These FTTP networks use the Passive Optical
Network (PON) technology for carrying services between
the central office-based electronic equipment and serving
equipment located at the user premises.

New FTTP networks are attractive to service providers
because passive optic networks are less costly to maintain
and operate as compared to active optical networks or
older copper based networks. In addition, PON networks
provide sufficient bandwidth to quickly meet a majority
of the users’ high bandwidth communication needs into
the foreseeable future. In order to realize the revenue
potential of these networks, service providers recognize
the need to stage networks so that once the service
order is received the consumer is connected as quickly as
possible. Furthermore the network connections must be
staged in readiness without compromising network
reliability and without adding overall cost to the network.

In the past optical connectors have typically been used in
telecommunications networks at points requiring
flexibility for connecting customer services or access for
maintenance testing. Significant advantages have been
realized by placing connectors between equipment and
the cabling plant to allow testing during installation, easy
connection during growth phases and maintenance
access in the event of trouble or during service upgrades.
Optical connectors have proven to increase the efficiency
of work operations associated with cable plant
provisioning and maintenance.

A similar advantage is realized by designing connectors
into FTTP networks. FTTP networks are typically
constructed by terminating a fiber cable at the street
outside a prospective residence prior to service
connection. Connectors staged at the street provide a
tap point where the optical fiber cable can be accessed
when service is requested. Once service is requested at
the residence a pre-connectorized fiber drop cable can be
routed between the street and the residence to complete
the fiber circuit. The drop cable may be pre-
connectorized with connectors at both ends to provide
rapid connection at the street and at the residence.
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Evolution of Connectors in the Outside Plant

Fiber optic connector technology has evolved at a rapid
rate over the last decade. Improvements in newer
designs have allowed optical connectors to keep pace
with the high performance needs in high-speed
backbone networks and for bandwidth requirements in
the enterprise and consumer markets. Connector
designs available just a few years ago were restricted to
only indoor use due to limitations in design. Because of
the limitations in the technology the designs were
qualified under light-duty loading typically found in an
indoor environment. These connectors were often
restricted from use under harsh outdoor conditions
because of instability at temperature and humidity
extremes.

However in recent years extensive improvements in
designs have allowed expanded application of optical
connector technology. In particular improvements in
precision plastic and ceramic components have improved
performance and repeatability of optical connectors.
Improvements in epoxy and polish processing have
resulted in highly accurate ceramic end face geometries
and highly stable structures under temperature and
humidity variation. Furthermore a wide range of process
improvements have improved the overall quality of
connector products essentially allowing the use of optical
connectors to be pushed into the outdoor environment.
Today connectors such as the SC Ultra-polished
Connector (UPC) or Angled Polish Connector (APC) are
designed and tested to maintain reliable performance
even in the extreme conditions found in the outdoor
environment.

But even standard connectors have limitations regarding
their ability to stand up under rugged mechanical stresses
and continuous water immersion. These standard
connectors require housings and closures to seal out
moisture and isolate the connectors from rugged
handling in the outside plant. Enclosures forming a
secondary layer of protection are often costly and make
access difficult especially in applications such as aerial
and belowground where access is normally difficult
anyway.

Therefore further innovations have been made to
introduce rugged fiber optic connectors that can stand
up to the rigors of the outside plant environment.
Reliability is paramount when fiber cable assemblies are
placed in outside plant (uncontrolled) environments
closer to customers. While fiber optic connectors and
cable assemblies may represent a small fraction of the
overall network cost, they continue to be a vital link in
connecting the entire network together. Rugged fiber

optic connectors will continue to be the focus of
W

performance and reliability improvements.
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Rugged Connector System

Since the PON architecture provides services via a single
fiber path to the residence, the rugged connector system
is primarily designed in a simplex configuration
containing a single fiber. The rugged connector system
consists of connectors and adapters that are hardened to
protect against outside plant environmental factors
including extreme temperature, moisture, ultra-violet
radiation, chemical exposure and other harsh conditions
typically found in the outside plant. The rugged
connector system is also watertight and can be installed
on the external surface of an enclosure to provide easy
access points in underground as well as above grade or
aerial installations.
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Hardened Adapters

The rugged adapter is usually installed in an opening in
the enclosure and is sealed to the bulkhead of the
enclosure using O-Rings and washers to prevent the
intrusion of moisture. The rugged adapter is also
normally supplied with a protective plug that seals the
adapter until it is ready for use. Once the adapter port is
to be connected for service the protective plug is
removed and a rugged drop cable can be connected. The
protective plug is tethered to the adapter so it can be
reused to protect the adapter in the event the rugged
drop cable is removed.

The Rugged Adapter is based on standard SC connector
and adapter technology and uses high performance
ceramic ferrules and sleeves as the basis for mating fiber
terminations. The rugged adapter contains an SC adapter
as the basis for coupling inside the adapter thus
conforming to industry standards including GR-326 and
the FOCIS specifications defining intermateability and
connector geometry. The rugged adapter ensures
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reliability and compatibility with a wide range of SC
connectors currently on the market. Rugged adapters are
typically used in multi-port Fiber Terminals or Fiber
Terminal Closures strategically located at the street
outside the residence. Rugged adapters are also utilized
as an interface at the Optical Network Terminal (ONT)
located at the premises. The rugged adapter is typically
installed on the external surfaces of the enclosure or ONT
so that drop connections can be completed without
opening the enclosure.

The connector system also includes a male rugged
connector and associated rugged drop cable assemblies.
The rugged connector is based on standard SC connector
technology and contains a ferrule based SC inner
connector for coupling inside the connector. Basing the
rugged connector on the well established high
performance SC connector technology provides secure
connection while ensuring reliability and compatibility
with a wide range of SC connectors and adapters
currently on the market. Since the rugged connector
contains an SC connector, it easily conforms to industry
performance standards including GR-326 and the FOCIS
specifications. Just as the rugged adapter is hardened,
the rugged connector is also hardened to protect against
the harsh outside plant environment. The rugged
connector is typically provided as part of a factory
connectorized drop cable assembly that is pre-tested and
certified to meet performance requirements. The rugged
connector is sealed to the adapter using O-Rings as it is
installed into the adapter. The rugged connector is
supplied with a protective cap that seals the connector
and keeps the end-face clean until it is ready for use.

Hardened Connectors
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Rugged Drop Cables

Rugged drop cable assemblies are typically provided from
the factory with rugged connectors on one or both ends.
The pre-connectorized and pre-tested drop cable
assembly facilitates rapid connection of drop cables
between the street and the residence. Several different
style drop cables have been developed for use in this
environment. Configurations include flat dielectric cable,
figure 8 cable with steel messenger and flat dielectric
cable with 24AWG toneable wire. The flat dielectric cable
provides an all-dielectric cable thus eliminating potential
electrical hazards from being carried from the network to
the residence. The dielectric is particularly attractive in an
aerial plant application where lightning hazards are
commonplace. The figure 8 cable with steel messenger is
also attractive in an aerial environment because of the
added structural strength provided by the steel
messenger. This figure 8 cable requires proper field
grounding of the metallic member in either aerial or
below-ground drop applications. The flat dielectric cable
with 24AWG toneable wire may be attractive in buried
applications where the cable is directly buried between
the terminal at the street and the side of the residence.
The 24AWG wire is used to provide a means for locating
the buried drop cable prior to digging in future
construction activities. All cables used with the rugged
connector are tested and qualified to GR-20 and all

assemblies are tested and qualified to GR-3120. Rugged
cable assemblies are available in standard lengths from
60 to 2500 ft or even longer if needed. Cable assemblies
are available with one or both ends connectorized and
packaged in spools for easy pay out. Double ended
rugged drop cables are quickly installed by connecting at
the street and then again at the premises. Excess slack
associated with the drop cable is easily stored out of site
on the ONT mounting bracket at the residence. Single
ended connectorized cables may sometimes be
connected to the terminal at the street and then spliced
at the premises end to eliminate slack entirely.

Rugged Connector Terminals

Rugged connector terminals are located at the street
outside the residence and used to connect the PON
distribution cable and the rugged drop cable. A single
multi-fiber distribution cable containing 4, 6, 8 or 12
fibers is typically used as the input to the rugged
terminal. The multi-fiber cable is separated inside the
terminal into individual fibers each of which are
terminated on SC connectors inside the enclosure. SC
connectors are inserted into rugged outdoor adapter
ports inside the enclosure with the connector accessible
via openings on the exterior surface of the enclosure.
Input stub cables can be configured in the factory with

Outdoor Drop Cables
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various lengths providing flexibility and efficiency for field
installation of the rugged terminal. Alternatively fiber
terminal closures can be configured in the field by
splicing pre-terminated pigtails or fanouts to the multi-
fiber input cable and terminating connectors on SC
connectors and associated rugged adapters. All rugged
fiber terminals are sealed to protect the breakout
transition from multi-fiber cable to individual rugged
adapters. The seal may be a permanent bond or
designed with fasteners that allow easy re-entry for repair
and maintenance. The terminal seal is typically rated to
withstand direct submersion in the field, for instance to
withstand a 10-ft water head. This way the rugged
terminal and associated connectors and adapters can
function just as well underwater as in a dry environment.
The rugged terminal has a versatile mounting scheme
allowing it to be mounted in a variety of different
configurations. For instance the rugged terminal can be
mounted below grade in hand-holes so that it is
completely out of site. The below grade installation is the
most severe since the rugged terminal can be exposed to
continuous flooding and freezing conditions. The rugged
terminal can also be installed above grade in a pedestal
and in an aerial configuration on a pole or a strand. All
mounting options allow for efficient craft access to
connections so that rugged drop cables can be
connected quickly upon service requests.

Multi-Fiber Service Terminals (MST)

Rugged Multi-fiber Connectors

One major advantage of the rugged connector system is
that technicians who are not necessarily expert in fiber
splicing and handling can quickly install the connectors
and route the drop cable to the customer premises. This
quick connection saves time and installation cost when
the drop cable is installed. Because of the ease of mating
the rugged connectors, the rugged drop cable can be
deferred until service is requested and then installed to
the residence within hours of service order completion.
Thus the rugged connector system allows part of the

w

cabling network to be deferred and quickly installed
when needed. This quick-connect approach and
associated deferral of cabling links is attractive to service
providers keen on reducing network construction cost.
So attractive in fact that service providers are reviewing
network construction plans to identify other parts of the
cabling network that can be deferred by deploying
rugged connection solutions.

Elsewhere in the distribution network fibers are managed
in multi-fiber cables. Main distribution cables are typically
large fiber count cables containing as many as 144, 216,
432 or 864 fiber cables. The distribution network is
designed in a tree and branch topology where smaller
fiber count cables branch off of the larger main
distribution cables and are routed to terminal points in
the network. An example of the smaller branch cables
are connections to rugged connector terminal that are
placed on any given street or neighborhood in 4, 6, 8
and 12 fiber units corresponding to the number of target
residences to be connected nearby. This application is
ideally suited to a rugged multi-fiber connector where
terminals can be connected into distribution cables using
the same quick connect approach as with the simplex
rugged connector.

To serve this application the rugged connector
technology has been extended to include multiple fibers
within a single connector. The technology employs the
MT ferrule that aligns multiple fibers simultaneous usually
arranged as a linear array. The MT technology has
evolved significantly during recent years to facilitate this
application.

In recent years we have seen the development of ultra-
precise MT ferrules manufactured from thermally stabile
plastic materials. These improved ferrules along with
numerous advances in the multi-fiber connector designs
and processing techniques have resulted in MT products
that are stable under temperature variations found in the
outdoor environment. Furthermore the ultra-high
precision ferrules have resulted in performance
improvements that make them attractive for OSP
network applications even with the variation experienced
with extreme temperature changes.

New rugged connectors have been developed based on
the MT connector technology to allow multiple fibers to
be reliably connected in the outdoor environment. The
MT ferrule and connector is used as the basis for the
connector and is placed in a water-tight outer connector
shell that seals out moisture. Like in the simplex
connector, the rugged multi-fiber connector protects
against all the hazards in the OSP environment such as
extreme temperature, moisture, freezing, ultraviolet
radiation, chemical exposure, etc. The early vintage
connector designs provide 4, 6, 8 or 12 fibers to be
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connected using a single mated connector.

Rugged multi-fiber connectors allow the distribution
network terminals to be quickly connected in place by
pre-conditioning the cable with multi-fiber outlet ports.
Because of the ease of mating the rugged multi-fiber
connectors to the outlet ports, the adjoining cable and
associated rugged terminal can be deferred until service
is requested and then installed to the residence within
hours of service order completion. Thus the rugged
multi-fiber connector system allows additional parts of
the distribution cabling network to be deferred and
quickly installed when needed. Moreover by placing
rugged multi-fiber connectors in the plant the service
provider can decide later if all of the fibers are to be
used. The newer rugged multi-fiber connectors will
continue to find additional application throughout the
FTTP network.

Designed and Tested for Reliability

Rugged outdoor connectors must be reliable in order to
be readily accepted as a critical link in the distribution
network. The rugged connectors and associated cable
and terminal components must stand up to the harsh
environment, maintain expected high performance and
achieve those design requirement over the anticipated
life of the network. A full qualification program for these
connectors ensures a particular design can achieve the
desired reliability. A new requirement document, “GR-
3120 Generic Requirements for Hardened Fiber Optic
Connectors,” has been published just this year to fully
define the testing regiment for rugged connectors. The
GR-3120 is based on GR-326, “Generic Requirements for
Single Mode Connectors and Cable Assemblies,” which
defines testing regiments for standard SC (APC or UPC)
connectors. GR-3120 builds on GR-326 to include
addition requirements for direct exposure of connectors
to the outdoor elements.

The qualification includes at least one test group that
progresses through an extensive sequence of harsh tests
that the connector is likely to see during its service life.
The service life test sequence exposes a test group of
rugged connectors and adapters to thermal aging,
thermal cycling, humidity aging, humidity condensation
cycling and post thermal cycling. The same group
subsequently is exposed to vibration and a full range of
mechanical stress tests including flex, cable torsion, proof
and transmission with applied load. These mechanical
tests are typically conducted at both ambient
temperature and at temperature conditions typical for
connector handling in a service environment. Additional
mechanical tests are also conducted including impact and
crush resistance to simulate normal incidental forces that
the rugged connector may see. The same group is also
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tested for water intrusion when subjected to a 10-ft
water submersion and when stressed mechanically while
being submerged at the same depth. Additional tests are
conducted to qualify that the rugged connector system
can withstand cyclical freeze-thaw conditions when it is
fully submerged. A variety of optical monitoring tests are
conducted to verify the ability of the connector to not
only withstand the rigors of the harsh testing
environment but to maintain solid insertion loss and
reflection performance during and after the extreme
exposure.

In addition to service life testing, a full regiment of
reliability tests are performed to qualify the longevity of
the rugged connector system to stand up over time.
Additional groups are exposed to specific harsh
conditions for extended periods of time. Test groups are
exposed to extended thermal aging, extended
temperature cycling, extended humidity aging, extended
chemical exposure, extended ultra-violet radiation,
extended salt fog and extended bacterial/fungus
exposure. All of these reliability tests are designed to
examine the ability of the rugged connector system to
sustain optical performance over the intended life of the
design.

Designed for Intermateability

Just as interface standards evolved for standard
connectors such as SC (APC or UPC) connectors,
interface standards are evolving for rugged connectors.
These interface standards build on those already
published in GR-326 and the FOCIS standards.
Connectors designed to those standards are used as the
basis for intermateability. For instance the end face
geometry of rugged connectors is defined by existing
FOCIS standards as a starting point. Furthermore the
rugged housings for rugged connectors and adapters
have interface specifications to enable connectors and
adapters from different manufacturers to be connected
together without impacting performance. A regiment of
tests that cross-compare the connectors and adapters
from two or more suppliers achieve the true measure of
intermateability. The intermateability testing includes
mating connectors from one supplier to adapters of
another supplier and vice versa. The cross-mated pairs
are subjected to a series of environmental tests that
include temperature and humidity variation, vibration,
mechanical stress tests and a sealing test under stressed
conditions. These tests are monitored optically to ensure
that rugged connectors and adapters from the various
suppliers can be used together in the same service
environment.
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Summary

Connectors are being used increasingly in outside plant network application to support
deployment and connection in FTTP networks. Innovation is occurring at a rapid rate and
rugged connector systems are now available to facilitate network drop connectorization.
Rugged connectors and adapters are based on standard connector technology and provide
additional protection so that the connector system can stand up to the harsh outside plant
environment. The rugged connector system is integral to the connectorized rugged drop cables
and rugged fiber terminals used to connect fiber services from the street to the customers’
premises. Innovation is continuing in the area of rugged multi-fiber connectors to allow multiple
fiber cables and terminals to be connected quickly and efficiently. Rugged connector systems
are tested and qualified through extensive reliability test regiments that simulate the harsh
conditions anticipated over the life of the products. Long-term reliability tests provide assurance
that the high performance connectors will operate optically as expected over the intended life
of the product. Intermateability tests provide further assurance that connectors, adapters,
terminals and cables from different manufacturers can be interchanged in the same service
environment without compromising performance or reliability.
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