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Amplifier inc orati amplifving optical fibre

The present 'invention 'relates to an amplifier-
incorporating an optical fibre that amplifies, e.g.
because of erbium dopihg. Such an amplifier is

5 particularly suitable for application in optical fibre
undersea transmission systems.
| Erbium-doped optical fibre amplifiers are known,
e.g. from document FR 2 638 854, as are associated
undersea transmission systems. Such amplifiers enable
10 high gains'to be obtained merely by passing the. signal
along an optical fibre, in the range of wavelengths from
1.5um to 1.6 um. However, it is known (see
J.F. MARCEROU et al., Proceedings SPIE 1373, pp. 168-186,
1991), that full use of an- erbium-doped _eptical fibre
15  amplifier is limited.by the optical noise it generates,
known as "amplified spontaneous emission” (ASE) .
Amplified spontaneous emission is responsible in part for
saturating the . laser medium, ' to the detriment of
amplifying the signal(s) present in the optical fibre.
20 For this very reason, ASE is used for making excellent
wideband superfluorescent sources.

Several solutions to this broblem have already been
proposed. To reduce the noise ‘factor, it is possible to
use short flbres, but this penallses gain. It is also

25 possible to use flbres that are not optimised, but this
requlres pumping powers that are too high. ,

Proposals have also been made to limit the effect
of amplified spontaneous emission in amplifiers by
_inserting'an optical filter in the length of:efbiumedoped

30 fibre. The optical filter blocks a noise cemponent in
both directions. However, this method suffers from the
drawback of llmltlng the passband of the amplifier and is
risky when amplifiers are used in cascade due to the fact
that the frequencies dlffer slightly from one filter to

35 another. :
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In order to mitigate these drawbacks, the present
invention proposes inserting one or more isolators into
the amplifying optical fibre. This reduces the
deleterious effects of optical noise. '

5 The'_present invention thus provides an.'amplifier
incorporating an amplifying'optical fibre, the amplifier
including means for reducing the optical noise due to
amplified spontaneous emission, said means being inserted

~in the 1length of the amplifying optical fibre,

- 10 characterised in that said means comprise an: optical
isolator. | ' |

In an undersea transmission system, the amplifying
fibre is advantageously of the erbium-doped optical fibre
type.

15 _ 'The invention will be better understood and its
other advantages and features will emerge on reading the
followihg description given by way of example with
‘reference to the accompahying drawings, in which:

- figure 1 .shows an amplifier of the invention

20 having an amplifying optical fibre,

- figure 2 is a comparative diagram giving the gain
of the figure 1 amplifier as a function of the length of
its amplifying optiCal fibre,

- figure 3 is a 'compérative diagram giving the

25 noise factor of the same amplifier as a function of the

. length of its amplifying optical fibre.

~ Surprisingly. the gain limitation introduced by the
presence of amplified spontaneous emission is essentially
due to noise propagating in the 6pposite direction to the
30 optical pumping direction. Aceording'to the invention,
this effect can be very considerably reduced by inserting
an isolator in the doped fibre to limit saturation due to
the optical noise propagating in the opposite direction
to the signal. E , )
35 - Referring to figure 1, the amplifier 1 comprises in
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| ndeed, that is why ASE is used for maki ng3zexcellent mﬁdeband
superf1uorescent sour ces. - Several solutions have al ready been
proposed for solving this problem To reduce the noise factor, it is.
possible to use short fibres, but this pena- -

series between an input terminal 2 for the optical signal

to be amplified and an output terminal 3 for the optical
signal: a wavelength multiplexer 4, a first length L of
doped optical fibre, an isolator 5, and a second length
5 L' of doped optical fibre. - The various components
constituting the amplifier are welded together. The
multiplexer 4 provides coupling between the optical
1signel S to be amplified of wavelength As and the pumping
signal P of wavelength Ap. The two signals S and P are

‘10 applled to the input of the amplifying optical flbre

In this embodiment, the amplifying opt1ca1 fibre
comprises a glasslmatrix having a core based on silica
having oxides of the Alp;03 and GeOy type added thereto.
It is doped with erbium to a concentration of 100 ppm.

15  The index dlfference An between the core of the fibre and
its cladding is 32. 10-3.

The amplifier also includes a. device 6 ° for
generating the 'pumping signal. This device comprises,
for example, a laser diode delivering a pumping signel

20 - having a wavelength of 1.475 pum and a power of 35 mW.

' The diagrams of figures 2 and 3 were obtained using
an opt1ca1 signal to be ampllfled having a. wavelength of
1.55 um and a power of -30 dBm. The diagram of figure 2

, has the gain G of the amplifier ‘expressed in decibels

25 plotted as a function of the length 1 in metres of the
amplifying fibre. Curve 10 was plotted for measurements
using the’ amplifier of figure_ 1 without the isolator.
Curve 11 was plotted using measurements using the same

~ amplifier but fitted with the isolator 5.

30 The diagram of figure 3 plots the noise factor NF
of the ampllfler (1n decibels) as a function of the
length 1. Curve 12 was plotted for measurements using
the amplifier of figure 1 without the isolator. Curve 13
was plotted for meaeurements using_the same amplifier but

35 fitted with the isolator 5.
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The optical isolator transmits a signal from a
source while greatly attenuating the return energy. A
single isolator may ‘be based on a beam-splitting and
polarising cube and a quarterwave plate. " The 1nc1dent
light is polarised by the _ cube and is then circularly
polarised by the quarterwave plate. "The 'ret-urn beam is
cireularly pola'rised in the opposite direction. On
pass:.ng through the quarterwave plate it is 1linearly
polarised and it is blocked by the polarising cube.

Optical isolators are available off the shelf._ In
the present case, it must be transparent at two
wavelengths (that of the signal to be amplified and that

‘of the pumping signal) and the attenuation of the return

beam must be greater than 25 d4B. If necessary, a
plurallty of isolators can be used

Replaced
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It can clearly be seen from the d:.agrams of figures

2 and 3 that without an isolator the amplifier cannot
deliver a gain comparable . to that obtained with an
isolator, under operating conditions that are otherwise

_identical.

Under such condiﬁions, the maximum gain appears
around 60 metres (see the diagram of Figure 2).  The
isolator is therefore placed 25 m from the beginning of
the doped fibre (L = 25 m)., which is about halfway along
the optimum leéngth of 60 m. In curve 11, there 1is a

isolator (about 1.5 dB). This offset is nevertheless
more than compensated, since for fibre lengths in the
range 50 m to 60 m'the gain of the amplifier with an
isolator is more than 6 dB greater than the gein of the
ampllfler without an. 1solator. -

As can be seen in the dlagram of flgure 3, the
noise factor can be 1mproved by more than 1.5 dB for the
amplifier with an isolator (curve 13) compared to the
amplifi'er . -without an isolator-. (curve i2) . This

- small offset representative of the loss specific to the '
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-difference in terms of noise factor can be -highly
significant if the amplifier is used as a receiver
preamplifier or as a 1line amplifier in a cascade
configuratibh comprising a _plurality of  amplifier

5 modules, in-which case the problem raised by accumulating
amplified spontaneous emission along the cascade is
critical.

The amplifier of the invention makes it possible to

include an optical filter in the fibre isolator, and

10 = where appropriate the optical filter can filter out a
. portion of the co-propagating noise. ' '
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tmo .stage amplifying fibre with an optical..i.sol ater—di sposed between the
two stages for the purpose of elim qHMngﬂET&@blﬂﬂﬂt d by reflection.

ln order to mitigate these drawback$ and ﬁgpgﬂﬁnned im claiml, the present
i nvention proposes using an isolato ~inserting it into
the anplifying optical fibre. This serves to.reduce into deleterious
effects of optical noise. ' 6 : : '

CLAIMS _

1. Amplifier incorporating an amplifying optical’
fibre, the amplifier including means for reducing the
optical noise due to amplified spontaneous emission, said

) means being inserted in the 1ength of the amplifying
optical fibre, characterised in that said means comprise
an optical isolator (5).

2. Amplifier according'to claim 1 characterised in

that the amplifying optical fibre is an erbium-doped
10 opticél fibre. _ ' .

3. Amplifier according to c¢laim 1 or claim 2
.characterised in that there is one isolator or a
plurality of isolators. '
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ABSTRACT

" Amplifier incorporating amplifying optical fibre

The invention concerns an amplif.ier incorporating an
amplifying optical fibre, the amplifier including means
for - reducing the optical noise due to amplified
spontaneous emission, said means being inserted in the

_Iength o_f the ampl'ifying'optical fibre, characterised in.

that said means comprise an optical isolator (5).

FIGURE TO PUBLISH : FIG. 1
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conparative diagramgiving the gain of the figure 1 anplifier as a function
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ing optical fibre; and - figure 3 is a conparative di agram
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The present invention relates to an amplifier
incorporating an optical fibre that amplifies, e.g.
because of erbium doping. Such an amplifier is
particularly suitable for application in optical fibre
undersea transmission systems.

Erbium-doped optical fibre amplifiers are known,
e.g. from document FR 2 638 854, as are associated
undersea transmission systems. Such amplifiers enable
high gains to be obtained merely by passing the signal
along an optical fibre, in the range of wavelengths from
1.5um ¢to 1.6 um. . However, it is known (see
J.F. MARCEROU et al., Proceedings SPIE 1373, pp. 168-186,
1991), that full use of an erbium-doped optical fibre
amplifier is limited by the optical noise it generates,
known as "amplified spontaneous emission‘ (ASE) .
Amplified spontaneous emission is responsiblg in part for
saturating the laser medium, to the detriment of"~
amplifying the signal(s) present in the optical fibre.
For this very reason, ASE is used for making excellent
wideband superfluorescent sources. '

Several solutlons to this problem have already been
proposed To reduce the noise factor, it is possible to
use short fibres, but this penalises gain. It is also
possible to use fibres that are not optimised, but this
requi}es-pumping powers that are too high.

" Proposals have also been made to limit the effect
of amplified spontaneous emission in amplifiers by
inserting an optical filter in the length of erbium-doped
fibre. The optical:filter blocks a noise component in
both directions. However, this method suffers from the
drawback of limiting the passband of the amplifier'and is
risky when amplifiers are used in cascade due to the fact
that the fréquencies differ slightly from one filter to
another.
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In order to mitigate these drawbacks, the present
invention proposes inserting one or more isolators into
the amplifying opticai fibre. This reduces the
deleterious effects of optical noise.

' The present invention thus provides an amplifier
incorporating an amplifying optical fibre, the amplifier
including' means for reducing the optical noise due to
amplified spontaneous emission, said means being inserted
in the length of the amplifying optical fibre,
characterised in that said means comprise an optical
isolator. '

In an undersea transmission system, the amplifying .

.fibre is advantageously of the erbium-doped optical fibre

type.

The invention will be better understood and 1its
other advantages and features  will emerge on reading the
following description given by way of example with
reference to the accompanying drawings, in wﬁich:

- figure 1 shows an amplifier of the invention
having an amplifying optical fibre,

- figure 2 is a comparative diagram giVing the gain
of the figure 1 amplifier as a function 6f the iength of
its amplifying optical.fibre.

- figure 3 1is a comparative diagram giving the

noise factor of the same amplifier as a function of the

length of its amplifying optical fibre.

* Surprisingly., the gain limitation introduced by the
presence of amplified spontaneous emission is essentially
due to noise propagating in the opposite direction to the
optical pumping direction. According to the invention,
this effect can be very considerably reduced by inserting
an isolator in the doped fibre to limit saturation due to
the optical noise propagating in the opposite direction
to the signal.

Referring to figure 1, the amplifier 1 comprises in
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the optical bsignal S to be anplified of wavel ength [err]s aqq@pm@EmngblaﬁfrT
inlet of the anplifying optical ?HSNSH ET %E § enbodi e t

anplifying optical fibre conprls& }1 HA@ "Eg gs matriki

thereto. It is doped with erbiumto a conﬁentratlon of 100| ppm The I ndex
di fference An between the core of .the fibre and its cl addi hg—i-s—32-10terTi™

'signal P of wavel ength [err]p. The two signals S and P arle t

o 5,
based on silica havi ng oxi des of err] and GBC[e
The anpllfler al so includes a device 6 for

series between an input termlnal 2 for the optical signal -
to be amplified and an output terminal 3 for the optical
signal: a wavelength multiplexer 4, a first length L of
doped optical fibre, an isolator 5, and a second length
L' of doped optical fibre. The various components
constituting the amplifiér are welded together. The
multiplexer 4 provides coupling between the optical
signal S to be amplified of wavelength As and the pumping
signal P of wavelength Ap. The two signals S and P are
applied to the input of the amplifying optical fibre.

In this embodiment, the amplifying optical fibre
comprises a glass matrix having a core based on silica
having oxides of the Al;03 and GeO; type added thereto.
It is doped with erbium to a concentration of 100 ppm.
The index difference An between the core of the fibre and
its cladding is 32.10-3.

The amplifier also includes a device 6 for
generating the pumping signal. This device .comprises,
- for example, a laser diode delivering a pumping signal_

having a wavelength of 1.475 um and a power of 35 mW.

The diagrams of figures 2 and 3 were obtained using
an optical signal to be amplified having a wavelength of
1.55 pm and a power of -30 dBm. The diagram of figure 2
has the gain G of the amplifier expressed in decibels
-plotted as a function of the length 1 in metres of the
ampllfylng fibre. Curve 10 was plotted for measurements
using the amplifier of figure 1 without the isolator.
Curve 11 was plotted using measurements using the same
amplifier but fitted with the isolator 5.

The diagram of figure 3 plots the noise factor NF
of the amplifier (in decibels) as - a function of the
length 1. Curve 12 was plotted for measurements using
the amplifier of figure 1 without the isolator. Curve 13
was plotted for measurements using the same amplifier but
fictted with the isolator 5.
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The diagramof jigure 2 has the pain G of the
the length | in netres of the anplifying fibre. Curve 10jwas plotted for

cibels plotted tip the ordinate.ap a Tunction of
nmeasurenents using the anplifier of figure 1 WlthOUt the rsolator. Curve 11
was plotted using neasurenents

he optical isolator transmits a signal from a
source while greatly attenuating the return energy. A
single isolator may be based on a beam-splitting and
polarising cube and a quarterwave plate. The incident
light is polarised by the cube and is then circularly
polarised by the quarterwave plate. The return beam is
circularly polarised in the opposite direction. On
passing through the quarterwave plate it 1is linearly
polafised and it is blocked by the polarising cube.

Optical isolators are available off the shelf. In
the present case, it must be transparent at two
wavelengths (that of the signal to be amplified and that
of the pumping signal) and the attenuation of the return
beam must be greater than 25 dB. If necessary, a
plurality of isolators can be used.

It can clearly be seen from the diagrams of figures
2 and 3 that without an isolator the amplifier cannot
deliver a gain comparable to that obtained with an
isolator, under operating conditions that are otherwise
identical. _

Under such conditions, the maximum gain appears
around 60 metres (see the diagram of Figure 2). The
isolator is therefore placed 25 m from the beginning of
the doped fibre (L = 25 m), which is about halfway along
the optimum length of 60 m. In curve 1ll, there is a
small offset representative of the loss specific to the
isolatdr (about 1.5 dB). This offset is nevertheless
more than compensated, since for fibre lengths in the
range 50 m to 60 m the gain of the amplifier with an
isolator is more than 6 dB greater than the gain of the
amplifier without an isolator. :

As can be seen in the diagram of -figure 3, the
noise factor can be improved by more than 1.5 4B for the
amplifier with an isolator (curve 13) compared to the
amplifier without an isolator (curve 12). This
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difference in terms of noise factor can be highly
significant if the amplifier is used as a receiver
'preamplifier or as a line amplifier in a cascade
configuration comprising a plurality of amplifier
modules, in which case the problem raised by'accumulating
amplified spontaneous emission along the cascade is
critical. _ -

The amplifier of the invention makes it possible to
include an optical filter in the fibre isolator, and
where appropriate the optical filter can filter out a
portion of the co-propagating noise.
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4 The di agram of figure 3 pIot-— he_noi se factor NF of the anplifier
Gin decibels) as a function of the Ieﬁﬂshgq rve=+2 was plotted for

nmeasur enents performed using the angl ~e ] mntMoHEpE !WENT SHEET
i solator. Curve 13 was plotted for TetH-SL . taken uging.i

amplifier but fitted wth the isolation 5. ¢ o opt i cdl |sob gé
serves to transmt a signal froma source while greatly atfgern E hi§97
return ' .

CLAIMS _

1. Amplifier incorporating an ampiifying optical
fibre, the amplifier including means for reducing the
optical noise due to amplified spontaneous emission, said
means being inserted in the length of the amplifying
optical fibre, characterised in that said means comprise
an optical isolator (5).

2. Amplifier according to claim 1 characterised in
that the ampllfylng optical fibre is an erbium-doped
optical fibre.

3. Ampllfief accordihg' to claim 1 or claim 2
characterised in that there is one isolator or a
plurality of isolators. ' |
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energy. A single isolator my be construct ed on the basis of a

heam splitting and polarising cube’ _ E’H-a-f- ve plate. The incident
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opposite direction. On passing throu rterwavje pl gtbe | i§3
linearly polarised and it is bl ocked by the polarising cubd. (5535 7
i sol ators conponents that are commercially available. 1In he__present
case, it nust be transparent at two wavel engths (that of

ABSTRACT

Amplifier incorporating amplifying optical fibre

The invention concerns an amplifier incorporating an
amplifying optical fibre, the amplifier including means
for reducing the optical noise due to amplified
spontaneous emission, said means being inserted in the
length of the amplifying opt:'ical fibre, characterised in .
that said means comprise an optical isolator (5).

FIGURE TO PUBLISH : FIG. 1
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The present invention relates to an amplifier
having an optical fibre that amplifies, e.g.
because of erbium doping. Such an amplifier is
particularly suitable for application in optical fibre
undersea transmission systems.

Erbium-doped optical fibre amplifiers are- known,
e.g. from document FR 2 638 854, as are associated
undersea transmission systems. Such amplifiers enable
high gains to be obtained merely by passing the signal
along an optical fibré, and this applies in the spectrum
Xxange 1.5 uym to 1.6 um. However, it is known (see
J.F. MARCEROU et al., Proceedings SPIE 1373, pp. 168-186,
1991), that when it is desired to make full use of an
erbium-doped optical fibre amplifier, it is limited by the
optical noise it generates, known as "amplified spont-
aneous emission" (ASE). Amplified spontaneous emission is
;ggg responsible in part for saturating the laser medium,
which happens to the detriment of amplifying the signal(s)
present in the optical fibre. Indeed, that is why ASE is
used for making excellent wideband superfluorescent sources.

Several solutions to—this—preblem have already been

proposed for solving this problem. To reduce the noise

factor, it is possible to use short fibres, but this penaa
lises gain. It is also possible to use fibres that are not

optimised, but that requires pumping powers that are too high.
Proposals have also been made to limit the effect

of amplified spontaneous emission  in amplifiers by
inserting an optical filter in the length of erbium-doped
fibre. The optical filter blocks a spectral component
of the noise 1in both directions. However, that method
suffers from the drawback of limiting the passband of the

amplifig;.and is risky when amplifiers are used in casgaqé
due to the fact that the frequencies differ a little from’
one filter to another. IEEE Photonics-Technology Letters,

vol. 2, no. 12, December 1990, pages 866-868 describes a




the anplifier wwth an isolator is nore than 6 dB great ef—t-Rean—the | T
the anplifier without an isolator. As can be seen m@%ﬁﬂﬂﬁ@?%ﬁ
figure 3, the noise factor can be inproved by nore thanj 1l e
anplifier with an isolator (curve 13) conpared to the aphp i%i?r§g?ﬁgmbu
an isolator (curve 12). This difference injftérns of noise
factor can be highly significant if #he anplifier i$ My-as a
receiver preanplifier or as a line anplifier in cascade$ conprising a

plurality of anplifier nodules in which the probl emarsSed by

accunul ati ng )
two-stage amplifying fibre with an optical isolator

disposed between the two stages for the purpose of
eliminating noise induced bv reflection.

In order to mitigate these drawbacks and as defined
in claim 1, the present invention proposes _using an
isolator (one or more) and inserting it into the amplifying
optical fibre. This serves to reduce into deleterious

effects of optical noise.

. _ of the oLified {cal £11
1 terised—i ] ia . B
-isolates.

In an undersea transmission system, the amplifying
" fibre is advantageously of the erbium-doped optical fibre
type.

The invention will be better understood and its
other advantages and features will appear on reading the
following description given by way of non-limiting example
and accompanied by the accompanying drawings, in which:

- figure 1 shows an amplifier ef—the—invention—
having an amplifying optical fibre, according to an embod-

iment of the invention;
- figure 2 is a comparative diagram giving the gain

of the figure 1 amplifier as a function of the length of
its amplifying optical fibre; _and

- figure 3 1is a comparative diagram giving the
noise factor of the same amplifier as a function of the

length of ics amplifying optical fibre.

Surprisingly, the gain limitation introduced by the
presence of amplified spontaneous emission is essentially
due to noise propagating in the opposite direction to the
optical pumping direction. According to the invention,
this effect can be very considerably reduced by inserting



anplified spontaneous emi ssion along the cascade is : rRERLAGEMENT SLiFfﬁT rTnay

.be observed that the anplifier of the invention nmake$ ift—pUsSsSTDle to

include an optical filter in the fibre 1isolator, ang V\/r(ﬁqeg@ﬁp"ﬁ%rl at
the optical filter can serve to filter out a portion of e Cco- propagat
noi se.

3

e

i ng

an isolator within the doped fibre to limit gain saturation
due to the optical noise propagating in the oppos:.te
direction to the signal.

With reference to figure 1, the amplifier 1 comprises in

series between an inlet terminal 2 for the optical signal
to be amplified and an outlet terminal 3 for the optical
signal: a wavelength multiplexer 4, a first length L of
doped optical fibre, an isolator S, and a second length
L' of doped optical fibre. The wvarious components
constituting the amplifier are connected together_by
welding. The multiplexer 4 provides coupling between
the opticalbsignal S to be amplified of wavelength As
and the pumping signal P of wavelength A.p The two
signals S and P are applied to the lﬂLeJ_:. of the amplifying
optical fibre. '

In this embodiment, the amplifying optical fibre
comprises a vitreous glass matrix having a core based
on silica having oxides of the Al;03 and GeO; type
added thereto. .It is doped with erbium to a concentration
of 100 ppm. The index difference An between the core of
the fibre and its cladding is 32.10-3.

The amplifier also includes a device 6 for
generating the pumping signal. This device comprises,
for example, a laser diode delivering a pumping signal-
having a wavelength of 1;475 Hm and a power of 35 mW.

The diagrams of figures 2 and 3 were obtained using
an optical signal to be amplified having a wavelength of
1.55 um and a power of -30 dBm. The diagram of figure 2
has the gain G of the amplifier expressed in decibels
plotted up the ordinate as a function of the length 1
in metres of the amplifying fibre. Curve 10 was plotted
for measurements using the amplifier of figure 1 without
the isolator. Curve 11 was plotted using measurements
performed using the same amplifier but fitted with the

isolator 5.
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the anplifier being one of the type punped in co- REPLA ME(\IJT S'E
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The diagram of figure 3 plots the noise factor NF
of the amplifier (in decibels) as a function of the
length 1. Curve 12 was plotted for measurements
performed using the amplifier of figure 1 without the
isolatSf. Curve 13 was plotted for measurements taken

using the same amplifier but fitted with the isolation 5.
The optical isolator serves to transmit & signal

from ‘a source while greatly attenuating the return

energy. A single isolator may be constructed on the
M a beam-splitting and polarising cube and a
quarterwave plé.te. The incident light is polarised by
the cube and is then circularly polarised by the quar-
terwave plate. The return beam is circularly polarised
in the opposite direction. On passing through the

quarterwave plate it 1is 1linearly polarised and it is
blocked by the polarising cube.

Optical isolators components that are commercially
available eff—the—she:f. 'In the present case, it
must be transparent at two wavelengths (that of
the signal to be amplified and that of the pumping signal)
and the attenuation of the return béam must be greater
than 25 dB. If necessary, jt is possible to use .a.
plurality of isolators.-esm—ie—used-

It can clearly be seen from the diagrams of figures
2 and 3 that without an isolator the amplifier cannot
deliver a gain comparable to that obtained with an

isolator, under operating conditions that are otherwise
identical. '
_Under such conditions, the maximum gain appears
around 60 metres (see the diagram of Figure 2). _That
is why the isolator is -thexefore- placed 25 m from the
beginning of the doped fibre (L = 25 m), which is about
halfway along the optimum .length of 60 m. In curve
11, there can be seen a small offset representative of
the loss specific to the isolator (about 1.5 dB). This

offset is nevertheless more than compensated, since for
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propagation with the optical signal te be anplifi
. propagating along said anplifying optical fiber,

i ncl udi ng optical noise reduction neans for i clal noi se
due to anplified spontaneous em ssion, said jme ”ﬁ tbeﬁ;ﬂ;g‘gcqsirt din
the I ength of the anplifying optical flber (L. jL " hay apt eri zed
in that the optical noise reduction rre ns Co e—grr-optical |solator
(5) whose position within said i fying oplcal fiber is such that
said isol ator nakes it pOSS|bIetoI|mt gai #gr-atT O due to the
noi se propagating in the opposite direction to the optical signal

fibre lengths in the range _50 m to 60 m the gain of
the amplifier with an isolator is more than 6 dB greater
than the gain of the amplifier without an isolator.

As can be seen in the diagram of ‘figure 3, the
noise factor can be improved by more than 1.5 dB for the
amplifier with an isolator (curve 13) compared to the
amplifier without an isolator {curve 12). This
difference in terms of noise factor can be highly
significant if the -amplifier is _being as a receiver
preamplifier or as a line amplifier in -a cascades
eeorfigurationr comprising a plurality of amplifier
modules in which ‘case the problem raised by' accumulating
amplified spontaneous emission along the cascade is
critical.

It may be observed that the amplifier of the
invention makes it possible to include an optical filter
in the fibre isolator, and where appropriate the

optical filter can _gerve to filter out a portion of

the co-propagating noise.



to be anplified (S). 2. An anplifier according to cl al..Characterized
KIBJ’IEFQJ
0

fn that said isolator (5) is inserted about half A@EME@?' sH%T
anplifying fiber (L, L'). 3. An anplifier according al 08 Q
characterized in that said anplifying optical fiper bL A&'t_ég 6
meters long and in that said isolator (5) is insprfe 1 UGHiT3E7 _
anplifying optical fiber about 25 neter%jtron1the beg] nhihg of s

anpl i fyioipzMg i cal fiber. 4. An anplifier according fo aﬁ§ one of clai

1to 3,

1.

characterized in that the optinumlength ‘ef—said—anplifying

An amplifier having an amplifying optical fiber (L, L’),
the amplifier being one of the type pumped in co-
propagation with the optical signal to be amplified (S) and

S

propagating along said amplifying optical fiber, the
amplifier (1) including optical noise reduction means for
reducing the optical noise due to amplified spontaneous
emission, said means being inserted in the length of the

amplifying optical fiber (L, L’),
characterized in that the optical noise reduction means

comprise an optical isolator (5) whose position within said
amplifying optical fiber is such that said isolator makes
it possible to limit gain saturation due to the noise

propagating in the opposite direction to the optical signal

to be amplified (S).

An amplifier according to claim 1, characterized in that

said isolator (5) is inserted about halfway along said

amgl%;ying fiber (L, L').

An amplifier according to claims 1 or 2, characterized in
that said amplifying optical fiber (L, L’) is 60 meters
long and in that said isolator (5) is inserted in said

amplifying optical fiber about 25 meters from the beginning.

of said amplifying optical fiber.

An amplifier according to any one of claims 1 to 3,
characterized in that the optimum length of said amplifying
optical fiber (L, L’) corresponds to the gain maximum of

said amplifier.

An amplifier according to any one of claims 1 to 4,

characterized in that said amplifying optical fiber (L, L’)

is an erbium-doped optical fiber.

An amplifier according to any one of claims 1 to 5,
characterized in that said optical isolator is single or
Juultiple.

—_—

[



optical fiber (L, L') corresponds to the gai n maxi mum of said
;anplifier. 5. An anplifier according to any one of claims 1 to 4,

characterized in that said anplifying optical fiber (L, R S '
er bi um doped optical fiber. 6. An anplifier according tloRERYAGMEN g@ﬁgf
1to 5 characterized in that said optical isolator ji sfstmgre or
mul tiple. 01 0CT 1897
'7 .
ABSTRACT

Amplifier incorporating amplifying optical fibre

The invention concerns an amplifier iﬁcorporating an
amplifying optical fibre, the amplifier including means -
for reducing the optical noise due to amplified
spontaneous emission, said means being inserted in the
length of the amplifying optical fibre, characterised in
that said means comprise an optical isolator (5).

FIGURE TO PUBLISH : FIG. 1
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