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(57) Abréegée/Abstract:

Point-to-point link (10) for the transmission of digital signals comprising two opto-electronic conversion apparatuses (12, 14) and
an optical cable comprising at least one optical fiber (16) having two terminal portions (1), each opto-electronic conversion
apparatus (12, 14) comprising an opto-electronic device (3) optically coupled to a respective terminal portion (1) between said two
terminal portions (1) of said at least one optical fiber, wherein at least one of the two opto-electronic conversion apparatuses (12;
14) I1s adapted to keep the respective terminal portion (1) of the optical fiber (16) In bent position with a bending radius R, where
1.59mm< R< 2.5mm and to keep the respective opto-electronic device (3) optically coupled to said bent terminal portion (1) In order
to allow the transmission of said digital signals between said optical fiber (16) and said at least one of the two opto-electronic
conversion apparatuses (12; 14); and at least the bent terminal portion (1) of said at least one optical fiber (16) is such as to satisfy
the following relationship r/R <0.07*n/ (35+n), where n Is the stress corrosion susceptibility factor and r is the radius of the cladding
of the optical fiber.
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(57) Abstract: Point-to-point link (10)
for the transmission of digital signals
comprising two opto-electronic conversion
apparatuses (12, 14) and an optical cable
comprising at least one optical fiber (16)
having two terminal portions (1), each
opto-electronic conversion apparatus (12,
14) comprising an opto-electronic device
(3) optically coupled to a respective
terminal portion (1) between said two
terminal portions (1) of said at least one
optical fiber, wherein at least one of the
two opto-electronic conversion apparatuses
(12; 14) is adapted to keep the respective
terminal portion (1) of the optical fiber
(16) in bent position with a bending radius
R, where 1.5mm< R< 2.5mm and to keep
the respective opto-electronic device (3)
optically coupled to said bent terminal

portion (1) in order to allow the transmission of said digital signals between said optical fiber (16) and said at least one of the two
opto-electronic conversion apparatuses (12; 14); and at least the bent terminal portion (1) of said at least one optical fiber (16) is
such as to satisfy the following relationship r/R <0.07*n/ (35+n), where n is the stress corrosion susceptibility factor and r is the

radius of the cladding of the optical fiber.
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The present invention relsa

fiber

towards a user apparatus

signe

The

L

PCT/IT2004/00067S

Point-to-point optical fibre link

* * % %

DESCRIPTION

ink for transmitting digital signa

present invention

distributing signals to

optics

Currently, in the field
technology is mainly used :

optice

for

P

1

i

OT

transmission

fered

connecting, 1n a

tes to a point-to-point optical

1s from and

, within a network for distributing

1s to a plurality of users.

also relates to a network for

a plurality of users ‘and a method

signal distribution network, an

cable to an opto-electronic conversion device.

of telecommunications, optical

for long-distance transmlission of

P

signals wherein the known properties of wide band

by optical

fibers are exploited.

of signals (such as digital

For the

television,

telephone and/or data signals) from and towards users and

The
aPpalc
Ne

in which electrical cables, such as coaxial

Cc

T

ansmission of

g

tuses (such as Personal ComputerS) of a

digital data Dbetween

twork (LAN), the technolcogy mainly used is, however, that

bles consisting of copper palrs, are used.

However,

electrical cables have a relatively

electrical

Local Area

cables orx

narrow band

and are becoming a bottleneck with respect to the band of

the signals to be transmitted. Moreover, they have problems

of

are di:

-

electromagnetic interference, of impedance matching and

ficult to insert into the suitable raceways of a

building since they are rigid. Moreover, since they are
bulky,

can be inserted 1in a raceway. Moreover, for

they substantially limit the number of-

-
—

cables that

electrical

safety requirements, they require the provision of separate

e

cewa

VS

energy.

from those used

g—

- electrical

for the distribution o:
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Research - interest is therefore steering

[ P——

signal transmission, but also in netwo

signals from a common branching point to a

user apparatuses. Fiber optic cables,

towards

the

possibility of using optics not only in the long-distance

rks for distributing

indeed,

for being inserted in the suitable raceways o:

since they are not too bulky, are flexible,

from electromagnetic interference and have

plurality of

F

are suitabile

o

- a building

light, free

low bending

loss. Moreover, they are suitable for being inserted in the

same raceways used  for the distribution

enerqgy. | Moreover, optical fibers potentially hsa

O ]

L e e

electrica

1

ve a very

wide band, low attenuation values and they are transparent

to the bit rate, format and transmission code.

However, for the connection to electrical

fiber optic cables require the use

apparatuses,

of opto-electronic

devices to convert the optical signals transported thereby

into corresponding electrical signals and vice-versa.

Throughout the  present description  and

cl

1ms

The

expression "opto-electronic conversion” is used to indicate

an optical-electric and/or electric-optical conversion.

—

The conversion of an optical signal 1into a corresponding

electrical signal is conventionally carried out through a

signal into a corresponding

conventionally carried out by modulating the intensity of

light emitted by a light source

information transported by the electrical signa

photodetector whereas the conversion

P~

optical

OL all

electrical
signal 1S
a

to the

according

1.

The connection of an optical fiber to a light source and/or

to a photodetector is conventionally ca

rried out through a

optical connector. Typically, an optical connector 1is

device comprising two parts that

can be

n

d

repeatedly

connected and disconnected to each other and that must be

attached one to an end of the optical

one to a pig-tail of the 1light

photoreceiver.

source

QX

e

fiber and the other
£ the
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For example, the installation of an optical «cable

comprising an optical fiber, suitable for implementing a

point-to-point 1link within a building, between a user

apparatus and a distribution unit (situated, for example,

_
b

in an office or apartment and, respectively, 1in the cellar

or loft) requires the following steps to be performed:

e

passage of the optical cable along a suitable raceway of

gr—

the building; cutting of the optical cable according to the

necessary length; application of the connectors to the two

ends of the optical fiber at the user apparatus and at the

-

distribution unit; possible application of the connectors

to a light source and to a photodetector (in the case in

which the 1light source and the photodetector are not

already equipped with connectors); and, finally, connection

o

through the connectors of one end of the fiber to the light

source and of the other end of the fiber to the

photodetector, at the distribution unit and at the user

. apparatus - side.

An alternative known technique for connecting an optical

fiber to an opto-electronic device is a’ fused Jjunction

between an end of the optical fiber and a pigtail of the

opto-electronic device.

However, both optical connectors and fused junction reguire

the use of fiber stripping (elimination of the protective

outer coating),  cleaving and polishing operations, which

are very delilcate to carry out on site, require high

| -

precision (in the range of micrometers), highly specialized

personnel and tools and thus involve high installation

times and costs. Moreover, these types of operations must

be carried out at the premises of the user, very often in

inconvenient and narrow spaces (for example, under a table

or desk).

Therefore, although fiber optic cables have numerous

advantages, their use 1n networks for distributing signals

to a plurality of users has up to now been highly limited

both due to the high installation costs and because the
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optical connection may be unreliable if the aforementioned

operations are not carried out correctly.

In order to solve this problem, WO 01/50644 describes a

signal distribution network comprising fiber optic cables

that are electrically terminated, i.e. having at least one

end permanently connected to an opto-electronic terminal

portion.

.

However, this solution has the disadvantage of requiring

lager spaces for the passage of the opto-electronic

termination along the raceways of a building with respect

to those required by the cable not yet opto-electronically

terminated. Moreover, also in the case in which the cable

1s electrically terminated at just one end, such a solution

still requires the use of highly specialized personnel and

-

tools to connect the other end of the cable to an opto-

clectronic termination.

Therefore, the Applicant faced the problem of reducing the

installation costs of a fiber optic network for

distributing signals to a plurality of users.

The Applicant has found that such a problem can be solved

by using a technique that allows an optical signal to be

extracted and injected from/into a fiber through suitable

Indeed, the Applicant has

bending of the optical fiber.

observed that with this technigue the optical fibers can be

used, for the terminations, complete with their protective

coating,  provided that the same is sufficiently

transparent; that the terminal face of the optical fiber

carries out no optical function and that the aforementioned

critical stripping, cleaving and polishing operations of

the fiber, required by the use of optical connectors or

fused Junctions, are eliminated. Moreover, by using a

suitable locking mechanism to keep the fiber bent and in

optical alignment position with respect to the opto-

r*

electronic device, the connection operations of the optical

fiber to the opto-electronic device can be carried out by
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any technician, even if not specialized in optical cable

terminations, or, indeed, even by the final user.

Extraction and injection techniques from/into fiber of an

optical signal through bending of the optical fiber are

known 1in the art.

For example, US 4 950 046, GB 2 236 405, US 4 696 534 and

US 4 6326 535 describe devices for extracting and/or

injecting light in fiber through bending of the same to be

used to locally inject out and/or tap optical signals in

i—.

order to carry out an active alignment of two waveguides or

optical fibers or to detect whether an optical signal is

present 1n an optical  fiber, for example during

malntenance.

US 4 950 046 describes a device in which the fiber is bent
with a banding radius R equal to 2,8 mm; GB 2 236 405

describes a bending radius R comprised between 1 and 3 mm:

US 4 696 534 describes a bending radius R comprised between
3 and 10 mm and US 4 696 535 describes a bending radius R

comprised between 3 and 10 mm.

Moreover, Loke et al. (“Simulation and measurement of

1}

radiation loss at multimode fiber macrobends”, Journal o:

Lightwave Technology, Vol. 8, No. 8, August 1990, pages

1250-1256), show the results of simulations and experiments

A

- multi-

carried out to determine the macro-bending losses o:

mode fibers..They show that the macro-bending losses of. an

optical fiber are inversely proportional to the bending

radius R.

The Applicant has observed that both the injection

g

efficiency and the extraction efficiency of an optical

signal into/from a bent optical fiber increase as the

bending radius decreases. However, too small bending radii

(for example Dbetween 1 and 2.5 mm) subject the optical

fiber to high stresses that can lead in time to the

]

breaking thereof.
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Therefore, although the solutions described by the

aforementioned patent documents can be used for the

applications described therein, 1in which the optical fiber

must be kept in bent position only for the time required by

the specific application (i.e. just for the duration of the

F

active alignment operation or of the maintenance operation

to be carried out), they are not suitable for being used

for long-lasting applications. In particular, they are not

adapted to be wused 1n an optical signal distribution

network that uses a fiber optic point-to-point link, to

e - 1

connect the ends of the optical fiber to the opto-

electronic conversion apparatuses where the optical fiber

must be kept 1in bent positlion for the lifetime of the

point-to-point link.

US 4 768 854 describes the use of the fiber bending

technique to extract and inject an optical signal in a

signal distribution network comprising non-destructive read

taps arranged 1n series which create extremely small

attenuations of an optical signal being tapped. In this

document 1t is stated that a permanent bend in a multi-mode

.

optical fiber that has a minimum bend radius of 3.5 mm over

a 45° sector angle creates less than a 10% chance of

fracturing the fiber section in 20 vyears, and a 3.8 mm

minimum bend radius over a 45° sector angle creates less

than 1.5*107°% chance of fracturing the fiber section in 20

years. Moreover, it is stated that bend radii equal to or

greater than 4.2 and 4.5 mm result in much lower breaking

probability.

The Applicant observes that this document teaches to use

bending radii of more than 3.5 mm and preferably more than

.

4.2 mm to obtain breaking probability wvalues of less than

10% 1n 20 years' to the detriment, however, of the

g gy
——

ficiency of the optical signal

extraction and injection e:

from/into fiber.

J 1)

Therefore, the Applicant faced the technical problem o1

reducing the installation costs of a network for
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distributing signals tTo a plurality of user electrical

-
oy

apparatuses 1n an effective and reliable manner.

In a first aspect thereof, the present 1invention thus

P
aeat

relates to a point-to-point link for the transmission o:

digital signals comprising two opto-electronic conversion

apparatuses and an optical cable comprising at least one

optical fiber having two terminal portions, each opto-

electronic conversion  apparatus comprising an  opto-

electronic device, the two opto-electronic devices being

respectively optically coupled to the two terminal portions

of said at least one optical fiber, characterized in that

— at least one of +the two opto-electronic conversion

apparatuses 1s adapted to keep the respective terminal

portion of the optical fiber in bent position with a

bending radius R, where 1.5 mm = R £ 2.5 mm and to keep

the respective opto-electronic device optically coupled

to the respective bent terminal portion in order to allow

the +transmission of said digital signals between said

optical fiber and the opto-electronic conversion

apparatus; and in that

~ 2
—

- at least the bent terminal portion o:

sald at least one

optical fiber 1is such as to satisfy the following

relationship r/R < 0,07*n/(35+n), where n is the stress

A

corrosion susceptibility factor and r is the radius of the

optical fiber cladding.

The point-to-point 1link according to the invention - by

usling a technigque that allows an optical signal to be

extracted and/or injected from/into fiber through suitable

bending of the optical fiber - allows the installation

costs to be reduced. Indeed, as already stated above, this

technique allows the aforementioned critical stripping,

cleaving and polishing operations of the fiber to be

eliminated and, by using a suitable locking mechanism to

keep the fiber bent and in optically alignment position

with respect to the opto-electronic device, allows any
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technician, or even the final user, to carry out the

connection operations of the optical fiber to the opto-

electronic device.

Moreover, by using bending radii R of the fiber of between

O 1.5 and 2.5 mm and a fiber that satisfies, at least in the

bent terminal portion, the aforementioned relationship r/R

<0,07*n/(35+n), the point-to~point link according to the

invention allows high efficiencies of injection and

extraction (suitable for modern high bit-rate transmission

10  systems) and at the same time good reliability to be
obtained, as shall be shown latér on.

Indeed, the Applicant has observed that the optical fibers

that satisfy the aforementioned relationship allow the

IEC
60793-1-B7 (A-B-C-D-E) system requirements to be satisfied.

15 That is, they allow no more than 1 breaking out of 1000

links in a year to be obtained, calculated on point-to-

point links in which both an injection of an optical signal

and a extraction of an optical signal 1is carried out

through bent fiber.

20 Moreover, the Applicant has observed that the use of

e

pr_—

bending radii R of the fiber of between 1.5 and 2.5 mm
allow the requirements on.the positioning tolerances of the

opto-electronic device with respect to the bent terminal

portion of the optical fiber to be relaxed, as described

25 below. This 1s particularly advantageous when the opto-
electronic device is a light source. Indeed, in general, a
light source focused with a suitable system has a very
small spot size Ithat thus needs to be directed with

precision onto the transmission fiber. The larger size of

g

30 the sensitive surface of a photoreceiver make the pick-up

gt

operation of the light coming from the bent fiber less

critical with respect to the injection operation.

Advantageously, the bending radius R is less than 2.2 mnm.
Preferably, the bending radius R is less than or equal to 2

35 mm. Advantageously, the bending radius R is about equal to
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1.5 mm.

Preferably, said at least one optical fiber is multi-mode.

F

For the purposes of the present inventlon, the expression

“multi-mode optical fiber” 1s used to indicate an optical

fiber adapted to propagate more than about ten modes,

typically more than about twenty modes, at '‘the wavelengths

considered by the present invention (described below).

Preferably the multi-mode optical fiber has high modal band

performance through a suitable 1index profile adapted to

propagate, at the operating wavelength, several modes at

approximately the same speed, for example through an

essentially parabolic profile.

The wuse of multi-mode optical  fibers i1is advantageous:

because they typiéally have much larger cores than single

mode fibers. The alignment operations of the opto-

electronic components and/or of the coupling optics of the

terminations to said fibers, as well as the mechanical

coupling operations Dbetween said fibers on site are

advantageously made easier with respect to single mode

fibers. Moreover, multi-mode optical fibers can

advantageously be used with laser sources and
photoreceivers operating at around 850 nm that are much

less expensive with respect to those operating at around

| 1300 or 1550 nm, typically used with conventional single-

mode optical fibers.

Advantageously, said optical fiber has glass core and

cladding. Preferably, the core of said optical fiber has a

diameter ‘'less than or equal to about 62.5um. More

preferably, said diameter is between about 50pum and
62 .5Um.

Moreover, the external diameter of the cladding is

typically about 125 um. Advantageously, it is less than 125

pm. Preferably, said diliameter is between 80um and 125um.

bven more preferably, said diameter is about 100um.
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Advantageously, said optical fiber, terminal portions

included, has a ©protective outer coating made from

]

polymeric material. Typically, the diameter of the

protective outer coating is about 250 um.

The Applicant observes that optical fibers currently used

in signal distribution networks have colored coatings, in

order to identify them, which can introduce significant
attenuations at the transmission wavelengths.

Advantageously, the protective outer coating of the optical

groy

fiber of the point-to-point link according to the invention

P

1s transparent at least at the bent portiori of the fiber.

This advantageously allows the losses undergone by the

extracted and/or injected 1light at the bent terminal

-

portion to be limited. Advantageously, the outer coating of

sald at least one optical fiber is such as to introduce an

attenuation at the operating wavelength of less than 1 dB,

wherein by attenuation it 1s meant the attenuation

undergone by the light to pass through the entire thickness

of the coating in'a direction normal to the axis of the

fiber.

ra

Advantageously, the refractive index of this protective

-

outer coating is greater than that of the cladding of the

Ciber, and preferably it is not much greater than it so

that excessive reflections at the interface between

cladding and coatings are avoided. Typically, “his

refractive index i1s not greater than 0.1 with respect to
that of the cladding. |

Preferably, the parameter n is equal to at least 20. More

preferably, the parameter n is equal to at least 22. Even

more preferably, the parameter n is eqgqual to at least 25.

o
ha—

Advantageously, the fiber 1s bent by an arc of

circumference corresponding to a bending angle of between

20 and 180°. The Applicant observes that, in general, a

smaller arc of circumference corresponds to a  lower

probability of fiber breaking.
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Advantageously, both the

apparatuses are adapted to

portions of the optical fib

bending radius R, wherein 1.5

opto-electronic conversion
keep the relative terminal
er 1in bent position with a

mm £ R X 2.5 mm, and to keep

the respective opto-electronic devices optically coupled to

the respective bent terminal portion in order to allow the

-

transmission of said digital

signals between said optical

fiber and said opto-electronic conversion apparatuses.

.

Moreover, both terminal portions of said at least one

optical fiber are advantageously such as to satisfy the

This solution, in which both

aforementioned relationship r/R <0.07*n/(35+n).

opto—-electronic conversion

apparatuses are made according to the invention, is

advantageous since it allows

further reduced.

Advantageously, said . at

conversion apparatus adapted

of the optical fiber in bent

the installation costs to be

least one opto-electronic
to keep the terminal portion

position comprises a locking

mechanism adapted to keep the terminal portion of the

optical fiber 1in bent position and in optical alignment

position with respect to the

opto—-electronic device. The

locking mechanism is advantageously adapted to releasably

o

keep the terminal portion of the optical fiber inh bent

position.

source. Typical examples of

In an embodiment, the opto-electronic device is a light

sultable 1light sources are

Fabry-Perot lasers and VCSEL (vertical cavity surface

emitting laser) lasers. Advantageéule: sald laser source

1s a transversal single mode source.

:photodetector. Typically,

photodiode. Preferably, it is

In an embodiment, the opto-electronic device 1is a

said photodetector 1s a
a PIN type photodiode.

Advantageously, the opto-electronic conversion apparatus

also comprises focusing opti

cs in order to improve the
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light coupling between the Dbent terminal portion and the

opto-electronic device associated with it. For example, the

focusing optics comprises a spherical optical lens. The

focusing optics can also comprise aspherical surfaces,

that is, adapted to reduce the spherical aberration of the

optical focusing system. These aberrations, indeed, could

P
——

deteriorate both  the coupling efficiency and the

positioning tolerances of the elements of the system.

Advantageously, the opto-electronic conversion apparatus

also comprises a mode scrambler associated with the bent

terminal portion of the optical fiber. Preferably, the mode

scrambler is associated with the terminal portion of the

optical fiber, before the bent part. The Applicant observes

that such a device allows the light coupling efficiency

between the bent portion and the opto-electronic device to

be improved. Advantageously, the mode scrambler 1S

'

associated with the bent terminal portion of the optical

fiber with which a photodetector is associated.

Typically, the point-to-point link 1s bidirectional. That

is, it 1is adapted to transport digital optical signals

g—
—

traveling in opposite directlons (from and towards the

user). The two ‘optical signals in the TwoO opposite

gh—
—

directions can travel along two different optical fibers or

along the same optical fiber using, for example, TwWO

i)

different wavelengths for the two directions and a

wavelength division multiplexing. The solution with two

different optical fibers is particularly advantageous in

the case of use of multi-mode optical fibers.

In thée case of a two-way point-to-point 1link, each opto-

clectronic conversion apparatus advantageously comprises a

second opto-electronic device. In the case in which the two

optical signals traveling in the Two opposite directions

are transmitted along the same optical fiber, saild at least

one opto-electronic conversion apparatus, adapted to keep

the respective terminal portion of the optical fiber in

bent position, is also adapted to keep the respective
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second opto—electronic device optically coupled to said

bent terminal portion.

According to a 'preferred two-way embodiment of the

invention, the optical cable comprises a second optical

fiber having two terminal portions respectively connected

to the two opto-electronic conversion apparatuses.

As far as the structural and functional features of the

second optical fiber are concerned reference is made to

that already described above regarding the

fiber.

According to this two-way embodiment, said

first optical

at lLeast one

opto-electronic conversion apparatus, adapted to keep the

respective terminal portion of the first optical fiber in

bent position, 1s also adapted to keep t

F.
pu—
SN

terminal portion of the second optical

he respective

fiber 1in bent

position with a bending radius R, where 1.5 mm £ R = 2.5 mm

and to keep the second opto-electronic device optically

o

coupled to the bent terminal portion of the second optical

J

fiber in order to allow the transmission of

signals between said second optical fiber a

g

said digital

nd said opto-

electronic conversion apparatus. Moreover, also at least

the bent terminal portion of the second optical fiber is

such as to satisfy the aforementioned rel
<0.07*n/ (35+n) .

ationship r/R

Advantageously, said optc-electronic conversion apparatus

comprises a locking mechanism adapted to keep the terminal

portions of the first and second optical

fiber 1n bent

position and in optical alignment position with respect to

the opto-electronic devices. Typically, one of the two

opto—electronic devices is a light source and the other 1s

suitable for releasably keeping the termina

optical fiber in bent position.

-

As far as the preferred features of the light

a photodetector. Advantageously, the locking mechanism 1s

=

1 portions o:

source and of
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the photodetector are concerned reference 1s

aiready described above.

made Tto what

Advantageously, “the aforementioned opto—-electronic

conversion apparatus also comprises focusing optics in

order to improve the light coupling between

the two bent

terminal portions of the first and second optical fiber and

~he respective opto-electronlc devices. For

example, the

focusing optics comprises two spherical optical lenses. The

focusing optics can also comprise aspherical surfaces,

that 1s, Suitable’for reducing the spherical aberration of

the optical focusing syétem. These aberrati

ons, i1ndeed,

could deteriorate both the coupling efficiency and the

p— p—

positioning tolerances of the elements of the system.

Advantageously, ; the ‘aforementioned opto-electronic

apparatus also comprises at least one mode scrambler

- before the bent part. Advantageously, the mode

associated with the bent terminal portion of

associated with one of the two bent terminal portions,

scrambler 1is

the optical

fiber to which the photodetector is optically coupled.

Advantageously, both opto-electronic conversion apparatuses

are adapted to keep both relative terminal portions of the

first and second optical fiber in bent position with a

bending radius R, where 1.5 mm < R = 2.5 mm and to keep the

respective opto-electronic devices optica

1ly coupled

respectively to the bent terminal portion of the first and

second optical fiber, in order to allow the transmission of

said digital signals between the first and the second

optical fiber and said opto-electronic

i

conversion

apparatuses. Moreover, both of the terminal portions of the

first optical fiber and of the second optical fiber are

advantageously such as to satisfy the =
relationship r/R <0,07*n/(35+n).

-

forementioned

Also in the two-way case, the solution in which both of the

opto—~electronic conversion apparatuses are me

to the invention 1s advantageous since 1t

de according
allows the




10

15

20

25

30

CA 02590459 2007-05-31

WO 2006/061857 PCT/IT2004/00067S

- 15 -

installation costs at both sides of the point-to-point link

to be reduced.

Typically, in view of the use foreseen for the transmission

of signals from and towards the final user 1i1n a signal

v,

distribution network, said optical cable has a length of no

p_~—

more than 5 km. Advantageously, it has a length of no more

—

than 2 Km. Typically, it has a length of no more than 1 Km.
For example, it has a length of 500, 100, 50 or 20 m.

Advantageously, the point-to-point 1link 1s adapted to

transmit digital optical signals at a wavelength of about
850 nm.

According to an embodiment, the point-to-point 1link is

adapted to transmit digital optical signals at a wavelength

of about 1310 nm.

According to an embodiment, the point-to-point link is

adapted to transmit digital optical signals at a wavelength
of about 1550 nm. |

Advantageously, the point-to-point 1link 1s adapted to

transmit digital optical signals at a bit rate higher than

10 Mbit/s. Preferably, the point-to-point link 1s adapted

to transmit digitél optical signals at a bit rate higher

than 50 Mbit/s. More preferably, the point-to-point link 1is
adapted to transmit digital optical signals at a bit rate

of at least 100 Mbit/s. Even more preferably, the point-to-

point link is adapted to transmit digital optical signals

|

at a bit rate of at least 1 Gbit/s. Typically, the bit rate

3

F

of the transmitted signal is no more than 2.5 Gbit/s.

According to the applications (for example 1in typical

office applications) the optical cable can comprise, along

its path, at least one optical connector or fused junction

to connect two or more portions of the point-to-point link,

as explained in detail later on.

g

In a second aspect thereof, the present 1nvention also
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relates to a network for distributing digital signals to a

plurality of user apparatuses, sald network comprising

pr—

a distribution unit having a plurality of -electrical

ports, and

- a plurality of point-to-point links each connected to at

-

least one respective electrical port of the distribution

unit so as to put said distribution unit in communication

with said plurality of user apparatuses; each point-to-

point link ‘comprising two opto-electrohic conversion

apparatuses and an optical cable comprising at least one

optical fiber having two terminal portions, each opto-

electronic conversion apparatus comprising an  opto-

electronic device optically coupled to a respective

.

between said two terminal portions of said

terminal portion

at least one optical fiber,

(—

characterized in that at least one of the two opto-

3

electronic conversion apparatuses o

each point-to-point

—
—

link 1is adapted o keep the respective terminal portion of

the optical fiber in bent position with a bending radius R,
where 1.5 mm £ R £ 2.5 mm and to keep the respective opto-

electronic device optically coupled to said bent terminal

portion in order to allow the transmission of said digital

signals between said optical fiber and said opto-electronic

conversion apparatus.

In a third aspect thereof, the present invention also

|

relates to a method for connecting - in a signal

distribution network - an optical cable to an opto-

electronic conversion device for the transmission of

digital signals in said distribution network, saild optical

cable comprising a cable jacket and at least one optical

F
et

fiber, said method comprising the steps of

a) removing ‘the cable jacket at a terminal portion of said

at least one optical fiber;

b) inserting the terminal portion of said at least one
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optical fiber, stripped of the cable jacket, into

0

the opto-electronic conversion device in optical

a housing

bending radius R, where 1.5 mm £ R £ 2.5 mm, and to kee?

coupling

position with respect to the bent terminal portion, at

least the bent terminal portion of said at least one

optical fiber being such as to satisfy the

following

relationship r/R <0.07*n/(35+n), where n 1s the stress

corrosion susceptibility factor and r is the radius of the

cladding of the optical fiber.

Typically, said method also comprises the step O

f cutting

the optical cable so as to obtain the required length, in

step a) the cable Jjacket being removed at the cut end orf

the cable.

Typically, the optical fiber has a protectil

coating.

Advantageously, in step b) the terminal portion o

ve outer

f said at

least one optical fiber 1s inserted 1n the housing,
provided with its protective outer coating. |

Further characteristics ~and advantages of the present
invention shall become clearer from the following detailed

i)

description o:

Iy

reference to the attached drawings.

a preferred embodiment thereof, made with

'n such drawings,

—~ Fig. 1 schematically shows a first embodiment of an opto-

electronic conversion apparatus adapted to be used in a

point-to-point link according to the invention;

~ Fig. 2 schematically shows a second embodime

gh—

nt of an

opto~electronic conversion apparatus adapted to be used

in a point-to-point link according to the invention;

— Fig. 3 schematically shows a first embodiment o:

to-point link according to the invention;

—~ Fig. 4 schematically shows a second embodiment of a

1)

a point-

{3
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point-to-point link according to the invention;

~ Fig. 5 schematically shows an exemplary implementation of

i

r—

the opto-electronic conversion apparatus of Fig. 2;

~ Fig. 6 shows the percentage of light extracted from a

bent fiber

versus the bending radius of the fiber

obtained through experimental tests and simulations;

— Fig. 7 show

(exXpressed

cladding of

fiber) wvers

—

vear out of

—~ Fig. 8 sch

F

s the strain values of the bent optical fiber

as. a ratio between the radius r of the

P

the fiber and the bending radius R of the

us the .parameter n, that allow 1 break in 1

:1000'point—to—point links to be obtained;

ematically shows an embodiment of a signal

P

distribution network comprising a plurality of point-to-

epoint links

according to the invention;

— Fig. 9 shows a signal distribution network according to

the invention installed in a building; ;

— FPig. 10 shows the axes x, v and 2z considered in a

simulation

for fidentifying' the positioning tolerances

between a bent fiber terminal portion, a spherical lens

and a 1light

Fig. 3 shows

according to

SOource.

an embodiment of a point-to-point 1link Iﬂ)

the invention comprising a first and a second

‘opto-electronic conversion apparatus 12, 14 and an optical

cable (not shown) in turn comprising an optical fiber 16

1

respectively

The optica

fiber 16 has two terminal portions 1

connected to The two opto-eléctronic

conversion apparatuses 12, 14.

The optical fiber 16 is advantageously a multi-mode glass

optical fibe

r comprising a core, a cladding and a

protective outer coating. For example, the optical fiber 16

has an approximately parabolic index profile, the core with

g

a diameter of

50 um, the cladding with an external diameter
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of 125 pum and the outer coating (typically a double layer

——

coating) with an overall external diameter of 250 um.

The first opto-electronic conversion apparatus 12 1is

suitable for receiving a digital electrical input signal,

for converting the digital electrical signal 1into a

corresponding optical signal transporting the same digital

=

information, according to known techniques, and for

injecting the optical signal into the optical fiber 16.

i

The second opto-electronic conversion apparatus 14 is

suitable for extiacting the digital optical signal coming

from the optical fiber 16, for converting the optical

signal extracted into a corresponding digital electrica;l

signal, according to known techniques, and for providing

the electrical signal in output.

According to the invention, at least one of the two opto-

electronic conversion apparatuses is made according to the
structure shown schematically in Fig. 1. Advantageously,
the Optd~electronic conversion apparatus made according to
the structure shown in Fig. 1 1is that ‘which must be
connected to an electrical <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>