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Abstract

This paper describes a typical example of low cost FTTH network
using new  optical fibre cable solutions, i.e.:
- µSHEATH® ACCESS cables,
- µCables,
- blown µSHEATH® module.
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1. Introduction

Since it was first presented (IWCS, 1991), the µSHEATH® cable
design has been developed from low to high fibre-counts (up to
876 fibres) [1] [2] [3] [4] [5]. Recently, down-sized µSHEATH®

cables and µSHEATH® blown module and a complementary
family of µCables have been implemented for access networks
and fibre-to-the- home networks.

INTERNET, triple play offers (including high definition TV),
data, etc..., require higher and higher transmission capacity. For
that, it is well known that the only efficient and perennial solution
consists in new FTTH network deployments.

However, to reduce the civil works and cable installation costs,
while ensuring  long term reliability of optical link (for long term
investment amortisation), the cable designs must be fitted to
environment and have the following main characteristics,
depending on the application:

- fibre-count medium to low (the closer to the subscriber, the
lower the fibre-count) .

- metal free down-sized cables for installation in ducts to
reduce the cost of civil works (sub-ducting of existing ducts
with mini and micro-ducts or new installation in small
ducts),

- low cost for jointing and fibre management (easy fibre
identification, easy fibre entry - both at cable end and for
mid-span- , ...),

- high mechanical radial performance for building front or
unprotected indoor installation,

- protection against fire hazards for indoor installation,

- multi-purpose installation (mainly aerial drop cable),

- long term reliability (no cable shrinkage inducing optical
fibre micro-bending during temperature variations and
ageing).

- no strain on fibres and no change of optical characteristics
after cable manufacturing and installation or in operation.

2. Objectives

To meet all theses requirements, our challenge was to develop
various types of down-sized cables having the same (or similar)
advantages as the µSHEATH® standard design and with
performances optimised for FTTH application.

Their main features, which will be detailed, are the following :

- small diameter and lightweight,

- usable with all available fibre types (G651 / G652 / G655),

- mechanical performances adapted to new laying methods
(compromise stiffness/flexibility, tensile load, etc...),

- temperature performance and long term reliability,

- quick, easy and low cost installation (laying in mini or
micro-ducts by air or water floating - on building front -  on
skirting board - aerial - ...),

- easy cable entry and fibre access, both at cable end and for
mid-span,

- fast and reliable jointing (both mass or individual splicing)
and management of units and fibres inside closures, using
existing techniques and devices.

3. Cables types required for FTTH

3.1 Typical FTTH network design (Pau Broadband

Country example)

A typical FTTH network is described in figure 1.
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Fig. 1 : Typical FTTH network

Backbone  :
- duct or buried standard cable
- or cable for mini-duct  (access cable).

Typical f ibre-count  : 144/72/48 O.F.

Local loop :
- Access cable for  m ini-duct

Typical f ibre-count  : 48 O.F.

Outdoor access and
distribution cable

(up to 12 O.F.)

Indoor distribution cable  
 (2 up to 12 O.F.)

Building

Individual home

Subscriber access point
(residential gateway   + FTP copper  cable)

3.2 Optical cables required:

- backbone duct cables from 48 up to 288 optical fibres

- access duct cables from 12 up to 48 optical fibres

- distribution and subscriber cables from 2 up to 12 optical
fibres for all outdoor (ducts, building front, aerial), and
indoor (ducts, skirting boards, ...) applications.

4. Cable designs and performance

4.1 How to make the good choice for the cable desig n ?

4.1.1 How to down-size cables?

Table 2 shows 5 main options of down-sized cables based on 3
current designs, ie : µSHEATH®, Central Tube and stranded loose
tubes.

If we compare these different designs versus the installation and
jointing requirements, it seems that the best choices are the
Central Tube (specially for low fiber counts) and the µSHEATH®

designs (see table 1).

Table 1

Family µSHEATH® design Central Tube design
Loose tube

design

Down-sized design Down-sized design Down-

Design
with rigid

FRP
strength
members

without
rigid FRP
strength
members

with rigid
FRP

strength
members

without
rigid FRP
strength
members

sized tubes
with rigid

central FRP

Compact-
ness Very high Ultra-high High Ultra high

Medium to
high

Fibre
identifica-

tion
Very easy Very easy Difficult (*) Difficult (*) Very easy

Mid-span
access Very easy Very easy Easy Easy Difficult

Fibre
manage-
ment in
closures

Very easy Very easy Difficult (*) Difficult (*) Easy

(*) For fibre-counts > 12

Table 2 : Cable designs
Down-sized µSHEATH ® design

with rigid FRP                                        without FRP

1

2

3

5

6

7

8

4 1

2

3

5

6

7

4

1. coloured optical fibres

2. filling compound

3. coloured micro-sheath

4. 12 O.F. module

5. swellable elements for
watertightness

6. synthetic tape

7. 2x2 (SAGEM patented) rigid FRP
down-sized strength members

8. Down-sized HDPE outer sheath

1. coloured optical fibres

2. filling compound

3. coloured micro-sheath

4. 12 O.F. module

5. swellable elements for
watertightness

6. synthetic tape

7. Down-sized HDPE or low-shrinkage
thermoplastic  outer sheath

Down-sized Central Tube design

with rigid FRP                                        without FRP

1

2

3

4

5

1

2

3

4

5

1. coloured optical fibres

2. filling compound

3. central tube

4. 2 opposite rigid FRP strength
members

5. Down-sized HDPE outer sheath

1. coloured optical fibres

2. filling compound

3. central tube

4. aramid or glass yarns (optional)

5. Down-sized HDPE or low-shrinkage
thermoplastic  outer sheath

Loose tube design

down-sized tubes with central rigid FRP

1

2

3

4

5

6

7

8

1. coloured optical fibres

2. filling compound

3. down-sized loose tube

4. central rigid FRP strength member

5. filler replacing empty tubes (optional)

6. tape

7. aramid or glass yarns (optional)

8. Down-sized HDPE outer sheath

Designs without rigid FRP strength members lead to the best
compactness, but what are their performance versus temperature
change and ageing ?



IWCS – November, 2004 3/9

4.1.2. What is the best choice for long term reliab ility ?

We have performed temperature cycling tests on cables described
above (see table 3). All these tests have been carried out between
-30 and +60 °C with cables free on retractile drums (test
conditions more severe than test between –40 and + 70 °C on
delivery drums).

Table 3: Temperature cycling tests with different c able
designs

3.a: 144 OF Down-sized µSHEATH ® Cable with FRP
inside outer sheath
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3.b: 144 OF Down-sized µSHEATH ® Cable without FRP
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3.c: 48 O.F. Central tube Cable with FRP
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Table 3 (end): Temperature cycling tests with diffe rent
cable designs

3.d: 48 O.F. Central tube Cable without FRP
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After 2 cycles (+60/-30°C) : change of attenuation @  1550 nm is not
reversible at 20°C --> shrinkage of outer sheath -- > strain on fibres

Down-sized loose tube cables give poor results (not described in
this paper) after several cycles between -30 and + 60 °C with
significant attenuation change at 1550 nm, mainly at low
temperatures, probably because this design induces optical fibre
macro and micro-bending when the inner diameter of the tubes is
too small.

Down-sized µSHEATH® and Central Tube cables with rigid FRP
strength members give good results (no significant attenuation
change in a large temperature range, even after several cycling
tests – see tables 3.a and 3. c).

Down-sized µSHEATH® and Central Tube cables without rigid
FRP strength members give poor results (significant attenuation
change at low temperatures, after only one or two cycles – see
tables 3.b and 3.d), even if a “low shrinkage” sheath is used
instead of polyethylene. This means that cables have to be
designed to avoid shrinkage of all plastic materials during cable
manufacturing and laying, as well as in operation (temperature
variations and ageing), so as to ensure long term reliability

A cable with attenuation change at 1550 nm during temperature
cycling, shows generally attenuation change at 1625 nm, even at
ambiant temperature. So, we have also performed attenuation
measurements at 1625 nm on cables described above after
manufacturing and laying, and then compared the results with
measures made on bare singlemode fibres used for these cables.
For instance, results obtained on a 48 singlemode O.F. down-
sized µSHEATH® cable (with rigid FRP members) are given in
the table 4. The conclusion is always the same : cables have to be
designed to avoid shrinkage and need to contain rigid FRP
strength members if one want to make sure that there is no strain
on fibres and to ensure the best long time reliability.

Consequently most of cable designs developed by SAGEM for
FTTH networks and described hereunder, contain rigid FRP
strength members. Our choices are : no strain on fibers and long
term reliability, even if it is possible to obtain a higher
compactness when suppressing FRP strength members.
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Table 4: Comparizon of OTDR measure @ 1550 nm
                   and 1625 nm

Bare fibres After cable manufacturing
and laying

1550 nm,
dB/km

1625 nm,
dB/km

1550 nm,
dB/km

1625 nm,
dB/km

Average 0,189 0,205 0,190 0,206

Max 0,220 0,250 0,220 0,250

Min 0,170 0,180 0,170 0,180

Standard
deviation

0,012 0,013 0,012 0,013

With air blowing or water floating laying techniques, it is not
necessary to have a very high tensile resistance. So, the strength
member diameter can be reduced. The FRP strength members are
located inside or under the outer sheath and then it is possible to
decrease the outer sheath thickness. In consequence, the cable
diameter is smaller and the stiffness is reduced.
The good balance of this parameter is very important for
installation in mini-ducts. If the cable is too stiff, the installation
length is reduced because the cable rubs against the duct in the
curves and the laying speed decreases. If the cable is too flexible,
the pushing force may result in the cable kinking in the duct and
then blocking or breaking.

However, the FRP diameter mustn’t be too small because these
elements allow to have a low thermal expansion coefficient for
the cable to ensure good temperature and ageing performance.
They also limit the shrinkage of all plastic materials (for instance:
outer sheath) during cable manufacturing (extrusion of sheath)
and after (storage, installation, operation).

The multiple temperature variations, in particular temperature
increase (up to +50 or to +70°C) and return to ambient
temperature will induce outer sheath shrinkage. Shrinkage will
quickly generate micro-bending on the optical fibres, then
attenuation will increase and, on the medium term, the fibres may
break.

In summary all SAGEM cables for FTTH networks described
hereunder, contain FRP strength members (except the
µSHEATH® blown module) and have been designed to satisfy the
following requirements :

- tensile resistance and stiffness adapted to air and water
floating laying techniques,

- reduced outer diameter,

- very low sheath shrinkage and very low thermal expansion
coefficient giving good performance versus temperature
change and long term ageing,

- no strain on optical fibres and no change of optical
characteristics (even when OTDR measurements are realised
at 1625 nm on singlemode fibres),

- compatibility with every type of fibres (multimode, G652 A,
B, C or D, G655).

4.2 Backbone cables

For backbone optical cables, different types of installation can be
used (duct,  buried, aerial, …) and optical fibre cables can have all

types of designs (loose tubes, ribbon, µSHEATH®, ..) especially if
the network is old. In general, for backbone network, the fibre-
count is typically between 48 and 288.

In case of the construction of a new network, if existing ducts
with large inner diameter, are available, it can be efficient to sub-
duct with several mini-ducts. At the beginning, only one cable can
be installed, the others being laid in the future on request. Cables
can be laid by air blowing (floating) or water floating. These
laying methods are now well known and mastered by installation
specialists. They allow low cost and very quick cable deployment.

A few examples of sub-ducting are given in table 5.

Table 5: Examples of sub-ducting
Minimum inner

Ø of ducts
Type of mini-ducts

40 mm 7 mini-ducts Ø 8/10 mm + PE sheath  (Ø 34
mm)

48 mm 5 ducts Ø12/15mm without PE sheath

54 mm 5 ducts Ø12/15mm + PE sheath (Ø 46 mm)

For this specific application (installation in mini-duct on medium
distances), we have defined a new range of µSHEATH® cables:
the µSHEATH® ACCESS cables with FRP strength members
embedded in the outer sheath. This new design is directly derived
from µSHEATH® standard duct cable range. See below figure 2.

Fig. 2: µSHEATH ® ACCESS cables design

Colored optical fibers

Filling compound

Colored microsheath

Swellable elements for watertightness

Tape

Dielectric strength members

Black HDPE sheath

12 O.F. unit (module)

Design of a 60 O.F. cable

Example of a 48 O.F. cable - F  = 6.0 mm

HDPE outer sheath is the best compromise in terms of mechanical
characteristics / low value of friction coefficient / low cost / easy
processing.
Table 6 below describes the 4 structures of µSHEATH® ACCESS
cables with, for each cable diameter, typical installation length
and inner diameter of duct. This installation length can increase or
decrease depending on duct type and size, on cable route, and on
cable blowing/floating device used for laying.
Main characteristics of these cables are given in table 7
(singlemode fibres / attenuation @ 1550 nm).
The cable performance is suitable for the application (installation
in duct by air blowing or water floating). The results of
temperature cycling test, with cable free on retractile drum,
demonstrate that fibres are not strained (no micro-bending) inside
the cable in a large temperature range. This allows to verify that
there is no irreversible shrinkage of the cable structure versus
temperature variations and ensures the long term reliability of the
optical link.
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Table 6 : µSHEATH ® ACCESS cable range

Fibre-count
Ø cable,

mm

Cable
weight,
kg/km

Minimum
Inner Ø of
duct , mm

Installation
length

Up to 24 fibres 4 11 5.5 ~1500 m (air) /
2000 m (water)

24 to 48 fibres 6 25 8 ~1500 m (air) /
2000 m (water)

60 / 72 fibres 7.8 42 12 ~2000 m (air) /
3000 m (water)

12 ~ 2000m (water)96 to 144 fibres 9.5 63
16 ~2000m (air)

For jointing, these cables bring the same advantages than standard
µSHEATH® cables :

- easy cable entry and fibre access, both at cable end and for
mid-span,

- easy fibre identification (coloured modules / coloured fibres)

- fibres protected with flexible modules in cassettes

- fast and reliable jointing (both mass or individual splicing)
and management of units and fibres inside closures, using
existing techniques and devices. For mass splicing, a specific
device is used to obtain a flat arrangement of the fibres.

Table 7 : µSHEATH ® ACCESS cable performance
Test reference Results

Mechanical performances

Tmax > 1 x W, Dl/l O.F. < 0.33
% (W = cable weigh/km)

Tensile IEC 60794-1-2-
E1

24 fibres : 12 daN (1.1 x W)
48 fibres : 30 daN (1.2 x W)
72 fibres : 60 daN (1.4 x W)
144 fibres : 85 daN (1.3 x W)

Crush IEC 60794-1-2-
E3

5 daN/cm (24 O.F.)10 daN/cm
(> 24 O.F.), 15 min, Da

reversible

Impact IEC 60794-1-2-
E4

5N.m, 3 impacts with R=300
mm  - Da reversible

Static bending
IEC 60794-1-2-

E11 10 x Ø cable,  Da reversible

kinking
IEC 60794-1-2-

E10 5 x Ø cable,  Da reversible

Environmental performances

Temperature
cycling IEC 60794-1-2-F1

Da < 0.1 dB/km , -30°C/+60°C
Cable free on retractile drum

Water penetration IEC 60794-1-2-F5 3 m /24 h

4.3 Local loop cables

For local loop, the cost of infrastructure is high, mainly in cities.
To reduce the cost of civil works, sub-ducting method (in existing
ducts having a large inner diameter) or new installation in small
duct will be used. The fibre-count is lower than for backbone
networks : 48 fibres cable are generally laid inside a standard
mini-duct with 8/10 mm inner/outer diameter.

The 48 µSHEATH® ACCESS cable described above (paragraph
4.2) is fitted for this application. For specific configurations, it
can be necessary to have a cable for both outdoor and indoor
applications. For example, the same cable can be used in duct and
for building access without  junction.

For this specific configuration, an indoor/outdoor version of the
48 OF µSHEATH® ACCESS cable has been developed. HDPE
sheath has been replaced by LSOH material for indoor
application. This sheath allows a good fire behaviour. See results
in the table 8

This cable for indoor/outdoor application is watertight and its
mechanical characteristics are equivalent to those of the HDPE
sheathed outdoor cable.

Table 8 : Fire performance
Test reference Results

Flame retardant IEC 60332-1 Compliant

Fire retardant IEC 60332-3-D Compliant

Smoke opacity IEC 61034 Compliant

In general, with LSOH outer sheath, friction coefficient is
significantly higher if compared to HDPE outer sheath. The
special LSOH material used for µSHEATH® ACCESS outer
sheath offers a relatively low friction coefficient value (slightly
higher than HDPE).

So, a distance of 700 m has been reached with this cable, by air
blowing in 8/10 mm mini-duct, that is to say half the distance
reached with HDPE µSHEATH® ACCESS cable in the same size
of duct.

This good laying performance allows to use only one cable for
local loop, on building front and for indoor installation without
intermediary junction between an outdoor and an indoor cable.

4.4 Distribution and subscriber cables .

For this type of application, the fibre-count is very low, typically
between 2 and 12 fibres and the length of each link is short
(generally < 500 m). Depending on environment and installation
conditions, various cables can be used.

4.4.1 µSHEATH® blown module (1 to 12 O.F.) for
installation in duct

The design of this cable is described in figure 3.

This cable has a very small diameter (2 mm) and is intended to be
laid in micro-duct. The most current dimension of the micro-duct
is 3.5/5 mm inner/outer diameter. For very short installation
length, 3 / 4 mm micro-duct can also be used.

Blown module can be installed outdoor (waterproof cable) and
indoor (halogen free cable). This structure allows easy fibre
access and easy fibre identification (12 different colours).

Main characteristics of blown module are given in table 9
(singlemode fibres / attenuation @ 1550 nm).
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Fig. 3 : µSHEATH ® blown module design

1

2

3

4

5

1. Colour coded optical fibre of any type,
singlemode (G652, G655, ...), or
multimode (50/125, 62.5/125)

2. Uncoloured strength members
replacing missing optical fibres if fibre-
count < 12

3. Filling compound
4. Thermoplastic inner jacket – Colour

upon request
5. Low friction transparent outer jacket

µSHEATH® blown module inside à micro-duct

The typical installation lengths , by air blowing method are : 300
m in 3 mm inner diameter duct and 600 to 1000 m in 3.5 mm
inner diameter duct

Table 9 : µSHEATH ® blown module performance
Test reference Results

Mechanical performances

Tensile IEC 60794-1-2-
E1

Tmax = 1 x W (4 daN), Dl/l FO <
0.33 % (W = cable weight/km)

Crush IEC 60794-1-2-
E3

2 daN/cm, 15 min, Da reversible

Impact IEC 60794-1-2-
E4

5N.m, 3 impacts with R=300
mm  - Da reversible

Static bending
IEC 60794-1-2-

E11 R= 30 mm, Da reversible

kinking
IEC 60794-1-2-

E10 R= 30 mm, Da reversible

Environmental performances

Temperature
cycling IEC 60794-1-2-F1

Da < 0.1 dB/km, -10°C/+45°C
Cable free on retractile drum

Water penetration IEC 60794-1-2-F5 3 m /24 h

4.4.2 ACCESS µCable (1 to 12 O.F.)

For particular configurations, it can be necessary to have a cable
with mechanical performances higher than those of blown module
and keeping µSHEATH® cable advantages.

A specific design has been developed called µCable. It is a central
tube cable with outer sheath including 2 opposite groups of FRP
strength members (SAGEM patented) as for µSHEATH® cables.

The design of this cable is described in figure 4.

Fig. 4 : 12 O.F. duct µCable design

1

2

3

4
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Colour-coded optical fibres, of any type, G651 /
G652 / G655

Filling compound.

PBT loose tube

Dielectric strength members

Outer jacket (HDPE)

Diameter :3.8 mm - Weight : 13 kg/km

As for µSHEATH® ACCESS cables, embedded FRP strength
members give tensile resistance but also reduce outer sheath
shrinkage, ensure a low thermal expansion coefficient and provide
a stiffness convenient for installation in mini-ducts.

Main characteristics of the µCable  are given in table 10
(singlemode fibres / attenuation @ 1550 nm).

This type of cable can be installed by air floating in 5.5/7 mm
inner/outer diameter duct, up to 1000 m. This distance is generally
exceeding the needs for subscriber distribution and access.

The cable stiffness allows to install it by manual pushing in case
of short length cable route. This method is very simple and avoids
to use a pilot wire in the duct.

Thus, it is possible to pull or push this cable on short lengths in
ducts already occupied by another cable (power, copper phone or
CATV coaxial cables, for example).

Table 10 : Duct µCable performance
Test reference Results

Mechanical performances

Tensile IEC 60794-1-2-
E1

Tmax = 1 x W , Dl/l FO < 0.33 %
(W = cable weight/km)

Crush IEC 60794-1-2-
E3

20 daN/cm, 15 min, Da
reversible

Impact IEC 60794-1-2-
E4

5N.m, 3 impacts with R=300
mm

Da reversible

Static bending
IEC 60794-1-2-

E11
10 x Ø cable (38 mm),  Da

reversible

kinking IEC 60794-1-2-
E10

5 x Ø cable (19 mm),  Da
reversible

Environmental performances

Temperature
cycling IEC 60794-1-2-F1

Da < 0.1 dB/km , -40°C/+70°C
Cable free on retractile drum

Water penetration IEC 60794-1-2-F5 3 m /24 h

For jointing, this cable gives the same advantages as µSHEATH®

cable :

- easy cable entry and fibre access, both at cable end and for
mid-span,

- easy fibre identification (coloured fibres),

- fast and reliable jointing.

4.4.3 µCable for indoor/outdoor application

(up to 12 OF)

A µCable with LSOH outer sheath has been developed for
indoor/outdoor application. This cable has similar performance to
HDPE outer sheath µCable.

The cable is compliant to IEC 60332-1 (flame retardant cable).
The outer sheath doesn’t emit toxic fumes.

The installation inside mini-ducts is possible as well for buildings
(owing to a flame retardant halogen free sheath) as for outdoor
(owing to longitudinal watertightness).

Installation performance:

This type of cable can be installed by air floating in 5.5/7 mm
inner/outer diameter duct, up to 500 m.
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For short length cable route, the cable stiffness allows to install it
by manual pushing

Due to its good mechanical behaviour, this cable can be installed
on building front (in case of old buildings without technical
gallery). The colour of the sheath can be customized to match the
background (e.g ivory) .The sheath is also U.V resistant.

4.4.4 Multi-purpose µCable (aerial installation, ma inly)

It is not always possible to lay cable in ducts for subscriber
distribution. So, aerial installation may be a solution. The typical
span is about 15 up to 60 m.

For aerial application (drop cable), it is necessary to have a
relatively high tensile performance. We have then developed a
central tube cable with flat FRP strength members around the tube
and a HDPE outer sheath (see figure 5). This design provides
small  cable size but also good tensile performance.

Figure 5: Multi-purpose µCable design

Colour-coded optical fibres, of any type G651 / G652 / G655

Filling compound

PBT loose tube

Flat FRP

Swellable powder

ripcord

Outer sheath (HDPE)

Diameter : 5 mm - Weight :25  kg/km

However, this drop cable is not only dedicated to aerial
application. It is a multi-purpose cable (i.e. duct , building front
applications, ...).

Main characteristics of the multi-purpose µCable are given in
table 11 (singlemode fibres / attenuation @ 1550 nm).

Table 11 : Multi-purpose µCable performance
Test reference Results

Mechanical performances

Tensile IEC 60794-1-2-
E1

Tmax = 100 daN

Dl/l FO < 0.33 %

Crush IEC 60794-1-2-
E3

20 daN/cm, 15 min, Da
reversible

Impact IEC 60794-1-2-
E4

5N.m, 3 impacts with R=300
mm

Da reversible

Static bending
IEC 60794-1-2-

E11
R = 40mm,  Da reversible

kinking IEC 60794-1-2-
E10

R= 30 mm,  Da reversible

Environmental performances

Temperature
cycling IEC 60794-1-2-F1

Da < 0.1 dB/km , -30°C/+70°C
Cable free on retractile drum

Water penetration IEC 60794-1-2-F5 3 m /24 h

For jointing; this cable presents the same advantages as the other
µCables :

- easy cable entry and fibre access,

- easy fibre identification (coloured fibres),

- fast and reliable jointing.

4.4.5 Indoor distribution cable (from distribution box to
media converter)

Indoor optical distribution in residential buildings is a new issue.
Generally, except for new construction, no easy cables routes are
available. And each building is a particular case. It is then very
important to have different solutions fitted for each configuration.
The indoor cables range described above and the standard indoor
µSHEATH® family offer different implementation possibilities.
The choice depends on network and / or building configuration.
For an optical ETHERNET network, one need to distribute 2
dedicated O.F. per subscriber from the access switch, set at the
building entrance (for example in the basement or the ground-
floor), to each flat. In this case, several configurations are
described below :

- a standard µSHEATH® indoor cable containing the fibres
required for all the subscribers of the building is used in
vertical cabling. Floor distributors allow the distribution to
each subscriber, using several splicing techniques. Mid-span
access on the vertical multi-fibres cable is used to let the
fibres dedicated to upper floors go through without splicing.
The fibres for the subscribers of the floor are spliced to
µSHEATH® blown modules (with 2 O.F.) laid in micro-
tubes or to indoor µCables (with 2 O.F.) clamped on
plinths…

- the distribution to each subscriber is ensured directly by mid-
span access on a standard µSHEATH® indoor cable
containing several modules of 2 fibres, without intermediary
splicing. Each derived module is then protected inside a
small tube.

- for small buildings, the building backbone cable can be an
indoor µCable or a µSHEATH® blown module containing up
to 12 fibres for 6 subscribers, spliced to µSHEATH® blown
modules (with 2 fibres) laid in a micro-tube or to indoor
µCables (with 2 fibres).

- the connection between each subscriber and the switch is
directly ensured by µSHEATH® blown modules containing 2
fibres laid in micro-tubes or indoor µCables containing 2
fibres (laid or not in micro-ducts), in a star cabling design.

Various splicing methods can be used in the floor distributor :
fusion, mechanical splicing, connectors, …

A few meters of FTP LAN cable (5 E, 6 or 7 category) can then be
used , from the media converter towards the residential gateway
(in apartment). And the distribution from the residential gateway
to each room of the flat can be ensured by various cabling
solutions : copper residential cabling system (grade 1, 2 or 3),
WIFI (possibly with radiating cable), PLT …
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5. Application to Pau Broadband Country

FTTH network (~ 45 000 subscribers)

The general configuration of the network is described in figure 6.

Figure 6 : PBC general configuration
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It is based on a full Ethernet technology on single-mode optical
fibre and offers a data rate of 10 to 100 Mbit/s per subscriber.

The different cables used for this network are listed in the
following table 12.

Table 12 : Cables used for PBC
Application Cable type Fibre-count

Backbone
Standard µSHEATH® duct
cables 96, 144, 192 and 288

Local loop
µSHEATH® ACCESS duct
cables 48

Standard indoor µSHEATH®

cables 24 and 48

Indoor µCable 2
Distribution and

subscribers

Indoor / outdoor µSHEATH®

blown module 2

The general principle for building cabling used in PBC is
described in figure 7.

Figure 7 : PBC building cabling
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The average total  cost (including all passive and active
components and installation) is estimated to less than 1000 Euros
per subscriber (10 up to 100 Mbit/s) for triple-play services.

6. Conclusion

The µSHEATH® ACCESS cables, µCables and µSHEATH®

blown module are fitted to FTTH network  technology. They can
fit each network (PON, Ethernet, …) and installation
configuration. They allow a low cost, easy and quick deployment
and ensure long term reliability of the network.

At the present time, these cable solutions are successfully
deployed by SAGEM for the 100 Mbit/s FFTH PAU
BROADBAND COUNTRY network.
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