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Specification

Title of Invention
Chromatic dispersion-compensating optical fibre in the S-band using a

higher order mode

The invention relates to the field of chromatic dispersion-
compensating optical fibres for a wavelength multiplexing transmission
system. The function of the dispersion-compensating optical fibre is to
compensate for the chromatic dispersien of a so-called line fibre. The
invention relates more pretisely to an chromatic dispersion-compensating
optical fibre in the S-band for use in compensating for the chromatic
dispersion of either a standard SMF optical fibre or of an NZ-DSF optical
fibre, where the line optical fibre carries an optical signal in the
spectral _band in use, which is the S~band extending from 1460 nm to
1530 nm. ,

According to a first item of prior art, described in Patent
Application FR 0204271, which is hereby incorporated by reference, there
is known an example of an HOM chromatic dispersion-compensating optical
fibre (or higher order mode optical fibre) in the C-band and/er L-band,
which exhibits slight variations in the chromatic dispersion slope in the
C- and/or L-band, thus enabling good compensaticn Tor chromatic
dispersian and for the chromatic dispersion siope of the line optical
fibre. That compensating optical fibre is not, however, suitable for use
in the S-band. 1is minimum chromatic dispersion wavelength is too high
and too far removed from the S-band., The minimum chromatic dispersion
wavelength is the wavelength corresponding to a3 global chromatic
dispersion minimum,

Accarding to a second item of prior art, described in
European Patent EP 1 351 417 of the present Applicant, there is known a
dispersion-compensating aptical fibre for a wavelength multiplexing

transmission system, comprising, from the centre towards the periphery, a
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core having a variable index profile then a cladding of constant index,
wherein, the chromatic dispersion 1is less than - 150 ps/nm.km, the
chromatic dispersion slope is strictly necative, and the effective area
is greater than 40 um*. Furthermore, the difference between the
wavelength corresponding to the overall minimum chromatic dispersion and
the wavelength corresponding to an upper limit of an cperating spectra)
range greater than 30 nm ijs greater than 35 nm, énd the relative
variation of the dispersion slope over said operating spectral range has
an absolute value Tess than 30 %,

According to & third item of prior art, described in
US Patent Application US2003/01855831, there is known a limited mode
dispersion compensating optical fiber supporting at least one high order
spatial mode comprising: a plurality of core areas, the refractive index
profile of which are sefected to result in an optical waveguide providing
in the (P, mode: dispersion more negative than -300 ps/nm/km at a
representative wavelength, designated A,, within an operative waveband;
projected zera dispersion less than (A,-75 nm), where projected zero
dispersion is defined as MA,-Dispersion (,,)/Slope (,,); and third order
dispersion less than 2 % over the operative waveband, where third order
dispersion is defined as the maximum deviation from a best line fit for
dispersion divided the best fit dispersion at A,, said best fit line
chosen to minimize said maximum deviation.

The sclution proposed by the invention accordingly relates
to an HOM dispersion-compensating optical fibre in the S-band exhibiting
as small variations as possible in the chromatic dispersion slope in
order to enable effective compensation for chramatic dispersion and for
the chromatic dispersion slope across the entire S-band. In order to do
s0, the minimum chrematic dispersion wavelength is selected from a narrow
and optimum spectral range in order to ensure a good compromise between
the low level of variation in the chromatic dispersion slope in the
S-band, the high value for effective area, the very negative chromatic
dispersion value, and a chromatic dispersion to chromatic dispersion

slope ratip that is as close as possible to that of the line optical
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fibre to be compensated. Depending on whether the compensation is for a
standard SMF (single mode fibre) optical fibre ar far an NZ-OSF (non-zero
dispersion shifted fibre) optical fibre, the optimum range for the
minimum chromatic dispersion wavelength and the compromise between the
parameters and optical properties being sought are s]ight]y different.

In order to compensate a standard SMF optical fibre
carrying an optical signal in the S-band, according to the invention
there is provided an chromatic dispersion-compensating optical fibre in
the spectral band S extending from 1460 nm to 1530 nm for a wavelength
muitiplexing transmission system, comprising successively, from the
centre to the periphery, a core having a variable ipdex profile and then
a cladding of constant index, enabling the propagation, at a wavelength
of 1495 nm, in addition to the fundamental mode LP,, of at least one
higher order mode, the index profile of the core being determined in such
a manner that, for said higher mode, on the one hand at a wavelength of
1495 nm, firstly the chromatic dispersion is less than =150 ps/nm-km,
secondly the chromatic dispersian to chromatic dispersion slope ratio is
hetween 200 nm and 300 nm, and thirdly the effective area is greater than
60 um® and, on the other hand, the wavelength corresponding to the global
chromatic dispersion minimum is between 1550 nm and 1600 nm.

In order to enable more precise compensation for the
chromatic dispersion of a standard SMF optical fibre across the entire
S-band, preferably the index profile of the core is determined in such a
manner that, for said higher mode, at a wavelength of 1495 nm, the
chromatic dispersion to chromatic dispersion slope ratio is between
200 nm and 250 nm.

In order to jmprove the compromise achieved hetween the
gptical properties of the dispersion-compensating optical fibre according
ta the invention whilst preserving a low variation in the chromatic
dispersion slope across the entire S-band, preferably the index profile

of the core is determined in such a manner that, for said higher mode, at
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a wavelength of 1495 nm, the wavelength corresponding to the glohal
chromatic dispersion minimum is between 1570 nm and 1590 nm.

In order to improve the guality of the compensation of the
HOM type chromatic dispersion-compensating optical fibre according to the
invention and its other properties, a number of preferréd ranges for the
indices and the radii of the index profile of the core will now be given.
The exprassion "remains less than" means “is less than" if the parameter
is constant and means ‘“remains less than" over the slice under
consideration if the parameter is variable over the slice under
consideration.

Preferably the index profile of the core is determined in
such a manner that, for said higher mode, at a wavelength of 1495 nm, the
effactive area is greater than 70 pm’, and preferably greater than
80 pm’,

Preferably the mwaximum index difference An, between the
index of the central slice and the index of the cladding is between
20,107 and 32.10° and the outer radius r, of the central slice is between
3 HUm and 4.5 pm.

rl
Preferably the value of the integral S, = IAn(r)dr of
0

the index difference relative to the cladding, between a zero radius and
the radius r, of the portion of the central slice having an index higher
than the index of the cladding, is between 100,107 and 115,107 pm.

1
Preferably the value of twice the integral T, =2 [An(r)r.ar
1}

of the product of the index difference relative to the cladding times the
radius, between a zero radius and the radius r, of the portion of the
central slice having an index higher than the index of the cladding, is
between 325.107° um? and 475.107° um’,
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rl

Preferably the value of twice the integral Ty =2.JAn(r).r.dr
0

of the product of the index difference relative to the cladding times the
radius, between a zero radius and the radius r, of the second peripheral
stice, is between 400.107 pm? and B00.10™! pm?.

Preferably the index difference An, between the index of
the first peripheral slice and the index of the cladding is between
-4,10"° and 5.10” and the outer radius r, of the first peripheral slice is
between & Um and 11 pm,

Preferably the index difference An, between the index of
the second peripheral slice and the index of the cladding is between
-5.107 and 5,10 and the outer radius r, of the second peripheral slice
is between 8 um and 15 pm,

Preferably the index difference An, between the index of
the third peripheral slice and the index of the cladding is between
-5.10"% and 5.10° and the outer radius r, of the third peripheral slice is
between 11 pm and 17 pm.

Preferably the index difference An, between the index of
the fourth peripheral slice and the index of the cladding is between
0 and 10.10 and the outer radius r, of the fourth peripheral slice is
between 14 [m and 17 um.

To "compensate an NZ-DSF optical fibre carrying an optical
signal in the S-hand, according to the invention there is provided an
chromatic dispersion-compensating optical fibre in the spectral band S
extending from 1460 nm to 1530 nm, for a wavelength multiplexing
transmission system, comprising successively, from the centre to the
periphery, a core having a variable index profile and then a cladding of
constant index, epabling the propagation, at a wavelength of 1495 nm, in
addition te the fundamental mode LP,, of at least one higher order mode,

the index prafile of the core being determined in such a manner that, for
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said higher mode, on the one hand at a wavelength of 1495 nm, firstly the
chromatic dispersion is lower than -150 ps/nm-km, secondly the chramatic
gispersion to chromatic dispersion slope ratio is less than 130 nm and
thirdly the effective area is greater than 50 um’ and, on the other hand,
the wavelength corresponding to the global chromatic dfspersion minimum
is between 1530 nm and 1580 nm.

In order to enable more precise compensation for the
chromatic dispersion of a standard SMF optical fibre across the entire
S-band, preferably the index profile of the core is determinad Tn such a
manner that, for said higher mode, at a wavelength of 1495 nm, the
chromatic dispersion to chromatic dispersion slope ratio is between 290 nm
and 110 nm.

In order to imprave the compromise achieved between the
optical properties of the dispersion-compensating optical fibre according
to the invention whilst praserving a low variation in the chromatic
dispersion slope across the entire S-band, preferably the index profile
of the core is determined in such a manner that, for said higher mode, at
a wavelength of 1495 nm, the wavelength corresponding to the global
chromatic dispersion minimum is between 1540 nm and 1560 nm.

[n order to improve the quality of the compensation of
the HOM type chromatic dispersion-compensating optical fibre according to
the invention and its other properties, a number of preferred ranges
for the indices and radii of the index profile of the core will be given,
The expression "“remains less than” means "“is less than" if the parameter
is comstant and. means ‘“remains less than' over the slice under
consideration if the parameter s variable over the slice under
consideration,

Preferably the index profile of the core is determined
in such a manner that, for said higher mode, at a wavelength of 1495 nm,
the effective area is greater than 65 pm®, preferably greater than
80 pm’.
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Preferably the maximum findex difference An, between the
index of the central slice and the index of the c¢ladding is between
15,10 and 30.10° and the outer radius r, of the central slice is between
3.5 Ym and S5 um,

rl

Preferably the value of twice the integral T, =2.IAn(r).r.dr
a

of the product of the index difference relative to the cladding times the
radius, between & zera radius and the radius r, of the portion ef the
central slice having an index higher than the index of the cladding, is
between 375.107° wm® and 525.107 um’.

3
Preferably the value of twice the integral T,,3=2.J‘m(r}r.d: of
o

the product of the index difference relative to the cladding times the
radius, between a zero radius and the radius r, of the second peripheral
slice, is between 400.107 um® and 700.10% pml.

Preferably the index difference An, between the index of
the first peripheral slice and the index of the cladding is between
-7.10" and 5.107 and the outer radius r, of the first peripheral slice is
between 5 um and 10 pm.

Preferably the index difference An, between the index of
the second peripheral slice and the index of the cladding is between
-5.107 and 5.10" and the outer radius r, of the second peripheral slice
is between 7 um and 15 um.

Preferably the index difference An, between the index of
the third peripheral slice and the index of the cladding is between
-5.10" and 5,107 and the outer radius r, of the third peripheral siice is
between 10 {m and 16 pm,

Preferably the index difference An, between the index of

the fourth peripheral slice and the index of the cladding is between
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0 and 10.107 and the outer radius r; of the fourth peripheral slice is
between 14 pm and 17 [m.

Whether the compensation §s for a standard SMF optical
fibre or an NZ-DSF optical fibre, the optical fibre preferably has the
following advantageous characteristics.

Preferably the higher arder mede is the mode LP,, for
which mode chromatic dispersion-compensating optical fibres -exhibiting
very negative chromatic dispersions can readily be obtained, and which
mode is not very sensitive to defects in the circular geometry of the
fibre, which defects are responsible for the polarisation problems. Other
higher order modes are, however, possible, such as for example the mode
LP,, ar the mode LPy,.

Preferably the index profile of the core is determined in
such a manner that, for said higher mode, at a wavelength of 1435 nm, the
chromatic dispersion is less than -200 ps/nm-km, preferably less than
-250 ps/nm-km, advantageously less than -300 ps/nm-km, which makes it
possible, for a given line optical fibre, to reduce the length of the
compensation optical fibre to be used.

The operational spectral band used is the S-band from
1460 nm ta 1530 nm. An optical fibre wavelength multiplexing transmission
system, described in greater detail hereinafter, integrating an HOM type
dispersion-compensating optical fibre according to the invention wil)
preferably have an absalute value for cumulative chromatic dispersfon for
each wavelength between 1460 nm and 1530 nm of less than 30 ps/nm on
average over 100 km of transmission,

Preferably the index profile of the core comprises at
least four slices. The index profile of the core advantageously comprises
at least five slices, The more negative the chromatic dispersion, the
higher the number of slices in the index profile of the core reguired to
obtain good linearity of the curve for the chromatic dispersion as a

function of the wavelength for the HOM type dispersion-compensating
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optical fibre according to the invention. That high number of slices
makes it possible to abtain an HOM type chromatic dispersion-compensating
optical fibre that, whilst enabling very good compensation for chromatic
dispersion, does not have too serious an effect on the qther properties
of said HOM type chromatic dispersion-compensating optical fibre. Five
slices constitutes a good compromise between the properties of the HOM
type dispersion-compensating optical fibre and the complexity of its
manufacture, for compensation in the spectral band 5. The shape of the
slices is, for example, rectangular, but it may also be triangular,
trapezoidal or alpha-shaped.

In a first preferred embodiment of the invention, the HOM
type chromatic dispersion-compensating optical fibre according to the
invention comprises a variable index profile of a core having four
slices. The wvarfable index profile of the core thus comprises
successively, from the centre to the periphery, a central slice having a
maximum index higher than the index of the ciadding, a first peripheral
slice having a maximum index less than the maximum index of the central
slice, a second peripheral slice having a maximum index less than the
maximum index of the central slice, and a third peripheral slice having a
maximum index less than the maximum index of the central slice,

In a second preferred embodiment of the invention, the HOM
type optical fibre providing dispersion compensation according to the
invention comprises a variable index profile of a core having five
slices, The variable index profile of the core accordingly comprises
successively, from the centre to the periphery, a central slice having a
maximum index higher than the index of the cladding, a first peripheral
slice having a maximum index less than the maximum index of the central
slice, a second peripheral slice having a maximum index less than the
maximum index of the central slice, a third peripheral slice having a
maximum index less than the maximum index of the central slice, and a
faurth peripheral slice having a maximum index less than the maximum

index of the central slice.
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The invention relates also to a chromstic dispersion
compensation module integrating an HOM type chromatic dispersion-
campensating optical fibre according to the invention. Preferably
that module comprises successively in series a first mode converter
capable of converting the fundamental mode to the higher order
mode, an dispersion-compensating optical fibre according to the invention
and a second mode converter capable of converting the higher order
mode back te the fundamental mode. That module may be integrated in
an optical fibre wavelength multiplexing transmission systém, which
system accordingly' comprises successively in series a line optical
fibre and a compensation module according to the invention. In that
optical fibre wavelength multiplexing transmission system according
to the invention, the ratio between the length of the 1ine optical fibre
and the length of the dispersion compensation optical fibre is preferably
more or less the inverse of the absolute value of the ratio between
the chromatic dispersion of the line optical fibre at a wavelength
of 1295 nm and the chromatic dispersion of the chromatic dispersion
compensation optical fibre at a wavelength of 1495 nm, in order to enable
optimised compensation.

The invention will be better understood and other
particularities and advantages will become apparent from the description

given hereinbelow and the attached drawings, given by way of example.
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Figure 1 is a table giving the values of radii and index
differences for some examples aof profiles of HOM fype dispersion-
compensating optical fibres according to the invention for use in
compensating a standard SMF optical fibre. The left-hand column shows the
denomination of the profiles from HOMl to HOM5., The second column
indicates the number of slices that the core index profile of the example
under consideration comprises. The next five columns give radii of the
care variable index profile in pm. The Tast five columns give the fndex
differences relative to the cladding of constant index multiplied by a
thousand (no units). Not all the boxes in the Table have been completed,
since the profiles do not all have the same number of slices.

Figure 2 s a table giving other properties of the
profites of HOM type chromatic dispersion-compensating optical fibres
according to the invention shown in Figure | for the mode LP,. The ieft.
hand cojumn gives the denomination of the profiles already explained
gbove. The next column indicates the number of slices that each profile
under consideration comprises. For each profile under consideraticn, the
other columns give properties of the slice of optical fibre corresponding

to the profile under consideration. The next column gives the chromatic
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dispersion in ps/nm-km at a wavelength of 1495 nm. The next column gives
the chromatic dispersion to chramatic dispersion slope ratio in nm at a
wavelength of 1495 nm, The next column gives the effective area A, in
Mm’ at a wavelength of 1495 nm. The next calumn gives the minimum
chromatic dispersion wavelength Ay, in nm. The last two columns give the
maximum retative variations in chromatic dispersion slope as a %,
respectively, for operaticnal spectral ranges fram 1475 nm to 1515 nm and
from 1465 nm to 1525 nm. The relative variation in the dispersion slope
over an operational spectral range corresponds to the guotient between,
on the one hand, the difference between the maximum chromatic dispersion
slope over said operational spectral range and the minimum chromatic
dispersion slope over said operational spectral range and, on the other
hand, the mean chromatic dispersion slope for said operational spectra)
range. Optical fibres having four slices and preferably five slices make
it possible to achieve better compromises between the most negative
chromatic dispersion possible, the greatest effective area possible and
the most linear chromatic dispersion slope possible over the operational
spectral range under consideration. A minimum dispersion wavelength in
the preferred narrow range of from 1570 nm to 1590 nm also makes it
possible to improve the compromise.

Figure 3 is a table giving the values of radii and index
differences for some examples of profiles of HOM type chromatic
dispersion-compensating aoptical fibres according to the invention for use
in compensating an NZ-DSF optical fibre. Figure 3 is similar to Figure 1,
but the teft-hand column gives the denomination of the profiles from HOM?
to HOM12.

Figure 4 is a table giving other properties of the
profiles of HOM type chromatic dispersion-compensating optical fibres
according to the invention shown in Figure 3 for the mode LP,. Optical
fibres having four slices and preferably five slices make it possible to

achieve better compromises hetween the most negative chromatic dispersion
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possible, the greatest effective area possible and the most linear
chromatic dispersion slope possible aver the operational spectral range
under consideration. A minimum dispersion wavelength within the preferred
narrow range of from 1540 nm to 1560 nm also makes it possible to improve
the compromise. The linearity of the chromatic diSpersion slope of
Examples HOM7, HOMIO and HOM12, the minimum dispersion wavelengths of
which are outside said minimum chromatic dispersion wavelength range is
appreciably worse than that of the other Examples, their effective areas
also being smaller. The attempt to find a low chromatic dispersion to
chromatic dispersion slope ratio seems to have a deleterious effect on
the compromise obtained, as shown by the poor linearity of the chromatic
dispersion slope of Example HOMI2, The most interesting Examples
correspond to a threshold of 30% for the column on the far right of the
table. That threshold of 30% alsc applies for chromatic dispersion-
compensating optical fibres for use in compensating a standard SMF line
optical fibre.

Figure 5 shows dizgrammatically a five-slice profile type
af an HOM type chromatic dispersion-compensating optical fibre according
to the invention. Plotted along the abscissa are the radii in pm,
Plotted along the ordinate are the index differences multiplied by a
thousand without units. The first slice, called the central slice, has a
maximum index difference An, with the constant index of the cladding and
an outer radius r,. The maximum index difference An, is positive. Between
a zero radius and the radius r,, the index is preferably constant. The
serond slice, called the first peripheral slice, has an index difference
An, with the constant index of the cladding and an outer radius r,,
The index difference An, can be positive or negative. A negative index
difference correspords to a buried slice. The index is preferably
constant between radius r, and radius r,. The third slice, called the
second peripheral slice, has an index difference An, with the constant

index of the cladding and an outer radius r,. The index difference An,
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can be positive or negative. The index is preferahly constant between
radius r, and radius r;. The fourth slice, called the third peripheral
slice, has an index difference An, with the constant index of the
cladding and an outer radius r,. The index difference An, can be positive
or negative. The index is preferably constant between radius r, and
radius r,. The fifth slice, called the fourth peripheral slice, has an
index difference An, with the constant index of the cladding and an outer
radius r,. The index difference An, can be positive or negative. The
index is preferably constant between radius r, and radius r,. Beyond the
radius v, is the cladding of constant index. For optical fibres having
only four slices, the cladding of constant index starts from the radius
r.. For optical fibres having only three slices, the cladding of constant
index starts from the radius r,.

Figure 6 shows diagrammatically an optical fibre
wavelength multiplexing transmission system according to the invention.
The transmission System comprises successively in series the following
glements, viewed from upstream to downstream from the point of view of
the propagation of the light signal: a line optical fibre 1 followed by a
compensation module 3 which comprises first of all a mode converter 2
that converts most of the light energy being propagated according to the
fundamental mode LP,, to a higher order mode, for example LPy,, and then
an HOM type chromatic dispersion-compensating optical fibre 4 according
to the invention, compensating for the chromatic dispersion of the line
optical fibre 1 but in the higher order mode LPy,, and then a mode
converter 5 that converts most of the 1ight energy being propagated
according to the higher arder made LP, back to the fundamental mode LPy,.
The transmission system according to the invention may also comprise
other elements not shown in Figure & for reasons of clarity, such as
transmitters, receivers, amplifiers, &nd/or may contain the sequence of

elements shown in Figure 6 several times.
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Preferably the losses caused by bending for a radius
of 10 mm, &t a wavelength of 1495 nm, are less than 100 dB/m,
advantageously less than 50 dB/m,

Preferably the attenuation, at a wavelength of 1495 nm, 1s
less than 1.5 dB/km, advantageously less than 1 dB/km.

Preferably the polarisation mode dispersion, at &
wavelength of 1495 nm, is less than 0.5 ps/km'/*, advantageously less than
0.2 ps/km'?,

Brief Description of Drawings

- Figure 1 is a table giving the values of radii and index
differences for some examples of profiles of HOM type chromatic
dispersion-compensating optical fibres according to the invention for use
in compensating a standard SMF optical fibre.

- Figure 2 495 a table giving other properties of the
profiles of HOM type chromatic dispersion-compensating optical fibres

aceording to the invention shown in Figure 1 for the mode LP,,

- Figure 3 is a table giving the values of radii and index
differences for some examples of profiles of HOM type chromatic
dispersion-compensating optical fibres according to the invention for use
in compensating an NZ-DSF optical fibre.

- Figure 4 ijs a tabhle giving other properties of the
prof11es of HOM type chromatic dispersion-compensating optical fibres
according to the invention shown in Figure ! for the mode LP.

- Figure 5 shows diagrammatically a type of index profile
comprising five slices of an HOM type chromatic dispersion~compensating
optical fibre according to the invention.

- Figure 6 shows diagrammatically an optical fibre

wavelength multipiexing transmission system according to the invention.
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Ciaims
1. Chromatic dispersion-compensating optical fibre in the

S-hand extending from 1460 nm to 1530 nm, for a wavelength multipiexing
transmission system, comprising successively, from the centre to the
periphery, a core having a variable index profile and then a cladding of
constant index, emabling the propagation, at a wavelength of 1495 nm, in
addition to the fundamental mode LP,, of at Jeast one higher order mode,
the index profile of the core being determined in such a manner that, for
said higher mode, on the one hand at a wavelength of 1495 nm, firstly the
chromatic dispersion is less than =150 ps/nm-km, secondly the chromatic
dispersion to chromatic dispersion slope ratio is between 200 nm and
300 nm, and thirdly the effective area is greater than 60 pm’, and, on
the other hand, the wavelength corresponding to the global chromatic
dispersion minimum is between 1550 nm and 1600 nm. |
é. Dispersion-compensating nptical fibre according to
claim 1, characterised in that the index profile of the core is
determined in such a manner that, for sajd higher mode, at a wavelength
of 1495 nm, the chromatic dispersion is less than -2C0 ps/nm-km,

3. Dispersion-compensating optical fibre according to
claim 2, characterised in that the index profile of the core is
determined in such a manner that, for said higher mode, at a wavelength
of 1495 nm, the chromatic dispersion is Jess than -250 ps/nm-km,

4, Dispersion-compensating  optical fibre according to
¢laim 3, characterised in that the index profile of the core is
determined in such a manner that, for said higher mode, at a wavelength
of 1495 nm, the chromatic dispersion is less than -300 ps/nm-km,

5. Dispersion-compensating optical fibre according to any one
of the preceding claims, characterised in that the higher order mode is
the mode LP,.
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6. Dispersion-compensating optical fibre according to any ome
of the preceding claims, characterised in that the index profile of the
core is determined in such a manner that, for said higher mode, at a
wavelength of 1495 nm, the chromatic dispersion to chromatic dispersion
slope ratio is between 200 nm and 250 nm.
7. Dispersion-compensating optical fibre according to any one
of the preceding claims, characterised in that the index profile of the
core is determined in such a manner that, for said higher mode, at a
wavelength of 1495 nm, the effective area is greater than 70 um’.
8. Dispersian-compensating optical  fibre according to
claim 7, characterised in that the index profile of the core is
determined in such a manner that, for said higher mode, at a wavelength
of 1495 nm, the effective area is greater than 80 yn?,
9, Dispersion-compensating optical fibre according to any one
of the preceding claims, characterised in that the index profile of the
core is determined in such a manner that, for said higher mode, at a
wavelength of 1495 nm, the wavelength corresponding to the global
chromatic dispersion minimum is between 1570 nm and 1590 nm,
10. Dispersion-compensating optical fibre according to any one
of the preceding claims, characterised in that the variable index prefile
of the core comprises successively, from the centre to the periphery,

a central slice having a maximum index higher than the
index of the cladding,

a first peripheral slice having a maximum index less than
the maximum index of the central slice,

a second peripheral slice having a maximum index less than
the maximum index of the central slice, and

a third peripheral s1ice having a maximum index less than
the maximum index of the central slice. ]
11. Dispersion-compensating optical fibre according to claim 10,

characterised in that the maximum index difference (An,) between the
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index af the central slice and the index of the cladding is between
20.107° and 32.10° and in that the outer radjus (r,) of the central slice
is between 3 Hm and 4.5 pm.

12, Dispersion-compensating optical fibre according to either

claim 10 or claim 11, characterised in that the value of the integral

3]
(S, = j'An(r).dr) of the index difference relative to the cladding,
o

between a zero radius and the radius (r,) of the portion of the central
slice having an -index higher than the index of the cladding, is
between 100.107° and 115.107° pm.

13. Dispersion-compensating optical fibre according to any one

of claims 10 to 12, characterised in that the value of twice the integral

T
(Tm==2,jAu&)ndr) of the product of the index difference relative to the
1]

cladding times the radius, between a zero radius and the radius (r,} of
the portion of the central slice having an index higher than the index of
the cladding, is between 325.10” pm® and 475.107 pnt.

14. Dispersion-compensating qptical fibre according to any one

of claims 10 to 13, characterised in that the value of twice the integral

7
(T =2.IAn(t}r.d.r) of the product of the index difference relative to the
L]

cladding times the radius, between a zero radius and the radius (r,} of
the second peripheral slice, is between 400,10 um’ and 800.107° pm'.

15, Dispersion-compensating optical fibre according to any one
of claims 10 to 14, characterised in that the index difference (An,)
between the index aof the first peripheral slice and the index of the
cladding is between ~4.107 and 5.10” and in that the outer radius (r,) of

the first peripheral slice is between & {m and 11 pum.
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16, Dispersion-compensating optical fibre aceording to any one
of claims 10 ta 15, characterised in that the index difference (An,)
between the index of the second peripheral slice and the index of the
cladding is between —5.10 and 5.10° and in that the outer radius (ry} of
the second peripheral slice is between 8 {m and 15 um.

17, Dispersion-compensating optical fibre according ta any one
of claims 10 to 16, characterised in that the index difference (An,)
between the index of the third peripheral slice and the index of the
cladding 1s between -5,10" and 5.10 and in that the outer radius (r,) of
the third peripheral slice i{s between 11 um and 17 pm.

18, Dispersion-compensating optical fibre according to any one
of claims 10 to 17, characterised in that the variable index profile of
the core comprises a fourth peripheral slice having a maximum index less
than the maximum index of the central slice, said fourth peripheral slice
being situated at the periphery of the third peripheral siice.

19, Dispersion-compensating optical fibre according to claim
18, characterised in that the index difference (An,) between the index of
the fourth peripheral slice and the index of the cladding is between 0
and 10.107 and in that the outer radius (r.) of the fourth peripheral
slice is between 14 um and 17 pm.

20. Chromatic dispersion-compensating optical fibre in the
S-band extending from 1460 nm to 1530 nm, for a wavelength multiplexing
transmission system, comprising successively, from the centre to the
periphery, a core having a variable index profile and then a cladding of
constant index, enabling the propagation, at a wavelength of 1495 nm, in
addition to the fundamental mode LP,, of at least one higher order mode,
the index profile of the core being determined in such a manner that, for
said higher mode, on the one hand at 2 wavelength of 1495 nm, firstiy the
chromatic dispersion is less than -150 ps/nm-km, secondly the chromatic
dispersion to chromatic dispersion slope ratio is less than 130 nm, and

thirdly the effective area is greater than 50 pm, and, on the other
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hand, the wavelength corresponding to the global chromatic dispersion
minimum is between 1530 nm and 1580 nm.

Z1. Dispersion-compensating optical  fibre according to
claim 20, characterised in that the index profile pf the core is
determined in such a manner that, for said higher mode, at a wavelength
of 1495 pm, the chromatic dispersion is less than -200 ps/nm-km.

22. Dispersion-compensating optical fibre according to claim
21, characterised in that the index profile of the core is determined in
such a manner that, for said higher mode, at a wavelength of 1485 nm, the
chromatic dispersion is less than -250 ps/nm-km,

23. Dispersion-compensating optical fibre according to claim
22, characterised in that the index profile of the core is determined in
such a manner that, for said higher mode, at 2 wavelength of 1495 nm, the
chromatic dispersion is less than —300 ps/nm-km.

24, Dispersion-compensating optical fibre according to any one
of the preceding claims, characterised in that the higher order mode is
the mode LPg,.

25. Dispersion-compensating optical fibre according to any one
of the preceding claims, characterised in that the index profile of the
core is determined in such a manner that, for said higher mode, at a
wavelength of 1495 nm, the chromatic dispersion to chromatic dispersion
slope ratio is between 90 nm and 110 nm,

26, Dispersion-compensating optical fibre according to any one
of the preceding claims, characterised in that the index profile of the
carg is determined jn such a manner that, for said higher mode, at a
wavelength of 1495 nm, the effective area is greater than 65 uUm.

27. Dispersion-compensating  optical fibre  according to
claim 26, characterised in that the index profile of the core is
determined in such a manner that, for said higher mode, at a wavelength

of 1495 nm, the effective area is greater than 80 pni.
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28, Dispersion-compensating optical fibre according to any one
of the preceding claims, characterised in that the index profile of the
core 15 determined in such a manner that, for said higher mode, at a
wavelength of 1495 nm, the wavelength corresponding to the global
chromatic dispersion minimum is between 1540 nm and 1560 nm.
29. Dispersion-compensating optical fibre according to any one
of the preceding claims, characterised in that the variable index profile
of the core comprises successively, from the centre to the periphery,

a central siice having a maximum index higher than the index
of the cladding,

a first peripheral slice having a maximum index less than the
maximum index of the centra) slice,

a second peripheral slice having a maximum index less than
the maximum index of the central slice, and

a third peripheral slice having a maximum index less than the
maximum index of the central slice.
30. Dispersion-compensating optical fibre according to claim 29,
characterised in that the maximum index difference (Ar,) between the
index of the central slice and the findex of the cladding is between
15,101 and 30.107° and in that the outer radius {r,) of the central slice
is batween 3.5 pm and 5 um,
il. Dispersion-compensating optical fibre according to either claim 29

or claim 30, characterised in that the value of twice the integral

rl
(T, =2.IAn(r)r.dr) of the product of the index difference relative te the
]

cladding times the radius, between a zero radius and the radius (r,) of
the portion of the central slice having an index higher than the index of
the cladding, is between 375.10°° and 525.107 um.

32. Dispersion-compensating optical fibre according to 'any one of

claims 29 to 31, characterised in that the value of twice the integral
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1
(Tos = Z.IAn(r)r.dr) of the product of the index difference relative to
0

the cladding times the radius, between a zero radius and the radius (ry)
af the second peripheral slice, is between 400.10° pm® and 700,107 pr?.

i3. Dispersion-compensating optical fibre according to any one of
claims 29 to 32, characterised in that the index difference (Anm,) between
the index of the first peripheral slice and the index of the cladding is
between -7.107° and 5.10 and in that the outer radius (r,)) of the first
peripheral slice is between 5 Um and 10 pm.

34, Dispersion-compensating optical fibre according to any one of
claims 29 to 33, characterised in that the index difference (An,) between
the index of the second peripheral slice and the index of the cladding is
between —5.107% and 5.10°* and in that the outer radius (r,) of the second
peripheral slice is between 7 |Um and 15 pm.

35, Dispersion-compensating optical fibre according to any one of
claims 29 to 34, characterised in that the index difference (An,) between
the index of the third peripheral slice and the index of the cladding is
between -5.10 and 5.107 and in that the outer radius (r,) of the third
peripheral slice is between 10 ym and 16 Mm.

36. Dispersion-compensating optical fibre according to any one of
claims 29 to 35, characterised in that the variable index profile of the
core comprises a fourth peripheral slice having a maximum index less than
the maximum index of the central slice, said fourth peripheral slice
heing situated at the periphery of the third peripheral slice.

37. Dispersion-compensating optical fibre according to claim 18,
characterised in that the index difference (An,) between the index of the
fourth peripheral slice and the index of the cladding is between 0 and
10.10° and in that the outer radius {r;) of the fourth peripheral slice is

between 14 um and 17 pm.
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8. Dispersion-compensating optical fibre according to any one of the
preceding claims, characterised in that the losses caused by bending for
a radius of 10 mm, at a wavelength of 1485 nm, are less than 100 dB/m.

39, Dispersion~-compensating optical fibre according‘ ta claim 38,
characterised in that the losses caused by bending for a radius of 10 mm,
at a wavelength of 1495 nm, are less than 50 dB/m.

40, Dispersion-compensating optical fibre according to any one of the
preceding claims, characterised in that the attenuation, at a wavelength
of 1485 nm, is less than 1.5 dB/km,

41, Dispersion-compensating optical fibre according to claim 40,
characterised in that the attenuation, at a wavelength of 1495 nm, is
Tess than 1 dB/km.

42, Dispersion-compensating optical fibre according to any one of the
preceding claims, characterised in that the polarisation mode dispersion,
at a wavelength of 1495 nm, is less than 0.5 ps/km'/, '
43, Dispersion-compensating optical fibre according to claim 42,
characterised in that the polarisation mode dispersion, at a wavelength
of 1495 nm, is less than 0.2 ps/km'/?,

44, Chromatic dispersion compensation module, characterised in that
said modulz (3) comprises a dispersion-compensating optical fibre (4)
according to any one of the preceding claims.

45. Chromatic dispersion compensation module according to claim 44,
characterised in that said module (3) comprises successively in series a
first mode converter {2) capable of converting the fundamental mode to
the higher order mode, said dispersion-compensating optical fibre (4} and
a second mode converter (5) capable of converting the higher order mode
back to the fundamenta) mode.

46. Optical fibre wavelength multiplexing transmission system,
ctharacterised in that said system comprises successively in series a line
optical fibre (1) and a compensation module (3) according to either

claim 44 or claim 45.
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47. Optical fibre wavelength multiplexing transmission system according
to claim 46, characterised in that the ratio between the length of the
Tine optical fibre (1) and the length of the dispersion-compensating
optical fibre (4) is more or less the inverse of the absolute value of
the ratio between the chromatic dispersion of the line optical fibre (1)
at a wavelength of 1495 nm and the chromatic dispersion of the
dispersion-compensating optical fibre (4) at a wavelength of 1495 nm.

48, Optical fibre wavelength multiplexing transmission system according
to either claim 46 or claim 47, characterised in that the absolute value
for the cumulative chromatic dispersion for each wavelength between 1460
nm and 1530 nm is Tless than 30 ps/nm on average over 100 km of
transmission.

1. Abstract

The invention relates te an chromatic dispersion-compensating
optical fibre in the S-band, for use in compensating for the chromatic
dispersion of either a standard SMF optical fibre or of an NZ-DSF optical
fibre, carrying an optical signal in the spectra1 band in use, which is
the S-band extending from 1460 nm to 1530 nm.

The chromatic dispersion-compensating optical fibre in the S$-band
has a wavelength corresponding to the global chromatic disparsion
minimum, which is situated outside the spectral band in use, that is to

csay outside the S-band.

2. Representative Drawing
Fig. 1
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