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(57) Abstract

An optical fibre amplifier having one or more active fibres so coupled to an optical transmission line that each of the active
fibres has at least one input for a pump signal. The active fibres are adapted to amplify an optical signal at a first wavelength at
stimulated emission, when optical energy is added in the form of a pump signal at a second wavelength. The pump signals are
provided by means of pump lasers adapted to emit energy at the second wavelength. The optical fibre amplifier has an optical
combination network with a plurality of inputs coupled to respective pump lasers and adapted to receive energy from these. The
outputs of the combination network are coupled to the pump signal inputs on the active fibres, said network being adapted to
combine the optical energy added from the pump lasers so that the optical energy on each one of the outputs of the combination
network originates from several pump lasers. Drop-out of a pump laser will cause the optical signal on several outputs on the
combination network to be reduced, but complete drop-out of optical energy on an output is obviated.
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An optical fibre amplifier with coupling of pump energy

from several pump sources

The invention concerns an optical fibre amplifier, and in
particular the part that concerns coupling of pump enerqgy

from a plurality of pump sources.

The occurrence of optical fibre amplifiers is expected to
involve a tremendous development within optical communica-
tions networks, since an optical component has been made
available which is capable of amplifying an optical signal
in an optical transmission path without having to generate
electronic signals en route. Such optical amplifiers thus
find application within many branches of optical comm ~i-
cations systems. Optical fibre ampiifiers may é.g. be used
in a fibre-optical ringnet accessed by a plurality of
transmitter/receiver units, and it may be used for in-
creasing the distance over which a receiver can receive
and re-form a signal from a transmitter. Here, it may e.g.
be used as an in-line amplifier, it being positioned at a
great distance from both transmitter and receiver. It is
also possible to use an optical amplifier as a pre-ampli-
fier of a receiver. Alternatively, it may be used as a
booster amplifier, i.e. the fibre amplifier amplifies the
optical signal immediately after it is transmitted from

the transmitter.

Optical fibre amplifiers are usually made by doping an
optical fibre with rare earths, such as erbium, d~ing the
manufacturing process. Amplification takes place . addi-
tion of energy that excites electrons to a higher energy
level. When stimulated with light energy from e.g. the
arriving signal, the electrons will fall to a lower energy
level, transmitting light at the frequency in gquestion.

This is analogous to the behaviour of a laser.
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The active fibre is pumped optically with a plurality of
pump lasers to provide the desired amplification. However,
the reliability of these pump lasers is a problem since
their life is limited considerably when providing maximum
power. This is a problem in particular when using the ac-
tive fibre in a booster amplifier, since particularly
strong pumping is necessary here to obtain the required
signal amplification so that the signal can be detected
over great distances. If an active fibre is pumped by one
laser, and this laser drops out, the fibre will absorb
signal power instead of amplifying the signal. The concen-
tration of active ions, e.g. erbium ions, in the active
fibre determines both the amplification of an optical sig-
nal by optical pumping and the absorption of the same op-
tical signal, absorption taking place in particular when
optical pumping is missing. Similarly, the threshold value
also depends upon the ion concentration, said threshold
value being the pump energy amount to be added to the
active fibre for this to contribute with amplification
which corresponds precisely to the fibre absorption of
signal energy. By pumping the active fibre with the threg-
hold value energy amount, the fibre will have a resulting
amplification which is precisely 0 dB, and it will thus
not influence the signal levél. When the pump power is
reduced, the absorption of the signal is increased, en-
tailing that optical systems with optical amplifiers are
extremely sensitive to drop-out of just a single pump
laser. Even if several active fibres are cascade-coupled
in succession, and these fibres are simultaneously pumped
bi-directionally, the amplification of the optical fibre
amplifier, when just a single pump laser drops out, will

be reduced to such a degree that system errors will occur.

The object of the invention is to provide a reliable opti-
cal fibre amplifier without the prior art sensitivity to
drop-out of pump lasers.
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This object is achieved as stated in the characterizing
portion of claim 1. The advantage is that the pump signal
from a laser is divided on a plurality of active fibres so
that the signal from there just contributes with a frac-
tion of the pump power to each fibre, so that even though
missing contribution from a laser is still noticeable, the
active fibre nevertheless continues to contribute actively

to amplification of an optical signal.

An optical fibre amplifier may e.g. be pumped with pump
energy with a variety of wavelengths, which may e.g. be
those stated in claim 4. The advantage of pumping at two
different wavelengths is that two pump sources can be

coupled into a fibre, so that four pumps may be used for

an active fibre.

As stated in claim 5, the combination network may consist
of a fibre-optical network with fibre couplers, thereby

minimizing the coupling losses.

[ 35

When the optical amplifier is moreover provided with a
compensation network, as stated in claim 7, suitable
amplification may be maintained even if one or more pump

lasers drops out.

mhe invention will be explained more fully below in con-
nection with preferred embodiments and with reference to

the drawing, in which

fig. 1 schematically shows where an optical fibre ampli-

fier is useful,

fig. 2 schematically shows the structure of a fibre ampli-

fier according to the prior art,
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fig. 3 schematically shows a preferred embodiment of the
structure of an optical fibre amplifier according to the
invention,

fig. 4 schematically shows an alternative embodiment of an
optical fibre amplifier according to the invention, and

fig. 5 schematically shows an embodiment of compensation
circuits for use in an optical fibre amplifier according
to the invention.

Fig. la shows a transmitter 5 which transmits an optical

signal to a receiver 9 through an optical transmission

line 6. For the distance between the transmitter 5 and the

receiver 9 to be increased, the transmitted signal must be
amplified en route. This is done by coupling a fibre end
suitably spaced from the transmitter 5 into an optical
fibre amplifier 7, which amplifies the signal and passes
the signal thus amplified back to the transmission line 6
and further on to the receiver 9. To limit the noise from
the optical amplifier, an opticai bandpass filter 8 is po-
sitioned before a receiver 9. An optical fibre amplifier
used in this manner is usually called an in-line ampli-
fier. Fig. 1lb shows an optical fibre amplifier used as a
pre-amplifier, it being used for amplifying the optical
signal on the transmission line 6 prior to signal detec-
tion. Since, here too, the noise is amplified by the opti-
cal amplifier, a bandpass filter 8 is positioned before
the receiver 9. Fig. lc shows an optical fibre amplifier
used as a booster amplifier, said fibre amplifier being
thus connected to the output on the transmitter 5.

Fig. 2 shows the structure of an optical fibre amplifier
according to the prior art, where an optical signal is
introduced via an optical transmission line 13 and coupled
into an active fibre. Such an active fibre 12 may e.g. be

-
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doped with erbium and have a length of typically 10-100 m.
After amplification in an active fibre 12, an optical sig-
nal is again passed back to an optical transmission path
14. Analogous with the behaviour of a laser, amplification
takes place by exciting electrons in an active medium to a
higher energy level, from which the electrons can fall
back to a lower energy level at stimulated emission,
thereby transmitting light in a given wavelength range.
This addition of energy is usually called pumping, and ac-
tive pump sources 10 in the form of laser diodes are ordi-
narily used in optical fibre amplifiers. Energy from the
pump sources 10 is coupled into the active fibre 3 through

respective dichromatic couplers 11.

Fig. 3 shows an optical fibre network connecting four pump
sources 20, 21, 22, 23 to four active fibres 30, 31, 32,
33, which are coupled in series (cascade coupling) and are
adapted to receive an optical signal on an input 34, to
amplify this signal and to apply the amplified signal on
an output 35. Each of the pump sources 20, 23 emit optical
power P, which will usually be the same for the four pump-
sources. This optical power will be marked by an index A,
B, C, D below, so that the origin of the power will be
visible from the expressions used. The output signal from
the pump source 20 and the pump source 21, respectively,
is passed to a fibre coupler 25 (3 dB coupler) designed so
that there will be a signal with the power (PA + PB)/Z on
each of the outputs of the fibre coupler. Correspondingly,
a fibre coupler 26 divides the optical energy from the
pump sources 22, 23, so that there will be an optical sig-
nal with the power (PC + PD)/2 on each of the outputs of
the fibre coupler 26. Each of two additional fibre coup-
lers 27, 28 receives a signal from respective outputs of
the fibre couplers 25, 26, whereby the optical energy from
each of the pump sources 20-23 is combined so that there
will be an optical signal with the power (PA + PB + Pc +
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PD)/4 on each output of the fibre couplers 27, 28. Each of
the four active fibres 30-33 will thus receive an optical
signal combined so that the output signal from a pump
source 20-23 is passed to several pump inputs. Drop-out of
a pump source 20-23 will thus entail that approximately
25% less optical power will be added to each of the active
fibres 30-33. This loss may be compensated by increasing
the pump power of the other pump sources by 33%, as will
be explained in connection with fig. 5.

Fig. 4 shows a corresponding configuration, where an opti-
cal signal on an input 52 is amplified in two active
fibres 50, 51 and is passed to an output 53. Four pump
sources 40, 41, 42, 43 emit optical power P like in the
previous example. The pump power ‘from the pump sources 40,
41 is passed to a fibre coupler 45 having a signal with
the power (PA + PB)/Z on each of its outputs. Correspond-
ingly, a fibre coupler 46 has an optical signal with the
power (PC + PD)/Z on each of its outputs. The two active
fibres 50, 51 are pumped bi-directionally, i.e. the active
fibres 50, 51 are pumped from their respective ends with <a
signal from each of the fibre couplers 45, 46. Thus, each
fibre receives an optical signal having the power (PA + PB
+ Pc + PD)/Z. It is noted that each active fibre 50, 51
receives a pump signal which is twice as great as in the
above-mentioned example.

Fig. 5 shows a drive circuit 90 which drives a plurality
of laser diodes 102 A-N which are coupled to respective
fibre ends 103 A-N. From there, the optical pump energy
from respective laser diodes 102 A-N is passed to an opti-
cal combination network, such as the one shown in fig. 3
or 4, through a fibre section 104 A-N. The fibre 103 A-N
is moreover coupled to an optical fibre coupler 100 A-N,
which may e.g. be designed so that 1% of the energy on the
optical fibre is passed through the fibre branch 106 A-N,
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while the rest of the optical energy is passed through the
fibre branch 104 A-N. Owing to reflection, the fibre coup-
lers 100 A-N are terminated in respective adaptations 101
A-N. The optical energy on the fibre 106 A-N is passed to
respective photodiodes 108 A-N, where the optical signal
is converted to an electrical signal passed to respective
amplifiers 110 A-N and from there further on to respective
detection circuits 112 A-N. These detection circuits 112
A-N apply a signal on the output which is passed through
respective wires 114 A-N to respective inputs 116 A-N on

the drive circuit.

The detection circuit 112 A-N detect whether the photo-
diodes 108 A-N receive an optical signal and thus whether
the laser diodes 102 A-N apply a signal. If one of the
laser diodes 102 A-N.drops out and thus stops emitting op-
tical energy, this can be detected by the detection cir-
cuit 112 A-N which applies a signal to the drive circuit
90 in response to this, said signal indicating whether the
laser diode 102 A-N associated with the individual detec-
tion circuit 112 A-N operates correctly or is faulty. ¢
Usually, the laser diodes 102 A-N do not emit maximum po-
wer, but is driven at a smaller load owing to reliability
and life. In response to a received error message from one
of the detection circuits 112 A-N, the drive circuit 90
can increase the output power of the remaining laser dio-
des 102 A-N, thereby fully compensating for the missing
power from one or more laser diodes which have dropped
out. Referring to the configuration shown in fig. 3, drop
out of a single laser diode may be compensated by increas-
ing the pump power of the other pump sources by 33%. The
drive circuit 90 may simultaneously be designed to apply a
signal to a central monitoring unit, which will then be
informed that there is a faulty laser diode in the optical
amplifier, and that this laser diode should be replaced at

a later time.
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The principle of combining an optical pump power in a com-
bination network before the pump signals are applied to a
variety of optical fibres can be developed in simple
manner. If, e.g. amplification of an optical signal is
needed on a not very accessible locality, the number of
pump sources may expediently be increased to e.g. 16. The
pump signals are combined and passed to a plurality of
active fibres, of which there may e.g. be 4. Pump power
corresponding to (P1 + P2 + ... + Pls)/4 may then be added
to the fibres. The output power from each individual pump
source is then regulated so that the optical amplifier is
dimensioned to be able to still provide an acceptable
amplification, even though a number of pump sources drop
out en route (e.g. 5). The amplifier may thus be dimen-
sioned so that it is attempted to limit the output power
of the individual pump sources in the same manner as in
the prior art, thereby increasing their life while making
the system immune to the possibility that a not insignifi-
cant number of the pump sources eventually become defec-
tive.

.
The invention has been explained with reference to a fibre
optical network consisting of optical fibres having fibre
couplers of the 2:2 type, i.e. couplers with two inputs
and two outputs. Nothing prevents the invention from being
performed with other coupling configurations, such as 4:4
couplers, or configurations where the number of inputs and
outputs is not the same.

It will also be possible to use various pump lasers which
e.g. emit light of different wavelengths, e.g. at 1480 nm,
980 nm and at 820 nm. When using wavelength ranges far
from each other, the active fibres may be pumped to va-
rious atomic energy levels.
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Patent Claims:

1. An optical fibre amplifier having one or more active
fibres coupled to an optical transmission line such that
each such active fibre has at least one input for a pump
signal, said active fibre being of the type adapted to
amplify an optical signal at a first wavelength at stimu-
lated emission, through addition of optical energy in the
form of a so-called pump signal at a second wavelength,
the configuration comprising a plurality of pump lasers
adapted to transmit energy at the second wavelength,
characterized in that it has an optical com-
bination network comprising a plurality of inputs coupled
to respective pump lasers and adapted to receive energy
from these, and a plurality of outputs coupled to the pump
signal inputs on the active fibres, said network compris-
ing means for combining the energy received on the inputs

such that the signal on an output represents energy from

several inputs.

2. An optical fibre amplifier according to claim 1,
characterized by including at least one pump
laser adapted to transmit energy at one wavelength, and
moreover including at least one further pump laser adapted

to emit energy at a wavelength different from the first

wavelength.

3. An optical fibre amplifier according to claim 1 or 2,
characterized by including at least one pump
laser adapted to emit energy at a first polarization
state, and including at least one further pump laser

adapted to emit energy at a second polarization state.

4. An optical fibre amplifier according to claim 2,
characterized by including at least one pump
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laser adapted to emit energy at a wavelength about A =

1480 nm, and including at least one further pump laser

adapted to emit energy at a wavelength A = 820 nm or A = #
980 nm. '

5. An optical fibre amplifier according to claim 1,
characterized in that the optical combination
network is a fibre-optical network.

6. An optical fibre amplifier according to claim 5,
characterized in that the means for combining
the energy from the pump lasers comprise fibre couplers.

7. An optical fibre amplifier according to claims 1-6,
characterized by including means for detect-
ing an output signal from respective pump lasers, and in-
cluding means for determining the level of the output sig-
nal and for regulating the output signal of respective

pump lasers in response thereto.

8. An optical fibre amplifier according to claim 7,
characterized in that the detection means
detect the presence of an optical signal from respective
pump lasers, and that the output signal level of the other
pump lasers is increased if said signal is below a given

threshold value.

2]
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- . AMENDED CLATMS
[recelvgd'by the International Bureau on 11 February 1992 (11.02.92);
original claims 1-8 replaced by amended claims (2 pages)]

1. An optical fibre amplifier having one or more active
fibres (30-33; 50, 51) coupled to an optical transmission
line (34, 35; 52, 53) such that each such fibre (30-33;
50, 51) has at least one input for a pump signal, said ac-
tive fibre being of the type adapted to amplify an optical
signal at a first wavelength at stimulated emission,
through addition of optical energyrin the form of a so-
called pump signal at a second wavelength, the configura-
tion comprising a plurality of pump lasers (20-23; 40-43)
adapted to transmit energy at the second wavelength, the
coupling between pump lasers (20-23; 40-43) and the inputs
for the pump signals being established via an optical com-
bination network with a plurality of inputs which are
coupled to respective pump lasers (20-23; 40-43) and re-
ceive energy from these, and a plurality of inputs coupled
to respective pump signal inputs on the active fibres (30-
33; 50, 51), said network having means (25-28; 45, 46) for
combining the energy received on the inputs, c har ac -
terized in that the energy combining means (25-28;
45, 46) of the combination network split up the pump
energy received from each individual pump laser (20-23;
40-43), and that the energy combining means (25-28; 45,
46) combine the split-up pump energy to respective pump
signal inputs, pump energy from each pump laser (20-23;
40-43) being thereby distributed to two or more pump sig-
nal inputs on said active fibres (30-33; 50, 51).

2. An optical fibre amplifier according to claim 1,
characterized by including at least one pump
laser (20-23; 40-43) adapted to transmit energy at one
wavelength, and moreover including at least one further
pump laser (20-23; 40-43) adapted to emit energy at a
wavelength different from the first wavelength.
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3. An optical fibre amplifier according to claim 1 or 2,
characterized by including at least one pump
aser (20-23; 40-43) adapted to emit energy at a first
polarization state, and including at least one further
pump laser (20-23; 40-43) adapted to emit energy at a se-
cond polarization state.

[

4. An optical fibre amplifier according to claim 2,
characterized by including at least one pump
laser (20-23; 40-43) adapted to emit energy at a wave-
length about A = 1480 nm, and including at least one
further pump laser (20-23; 40-43) adapted to emit energy
at a wavelength A = 820 nm or A = 980 nm.

5. An optical fibre amplifier according to claim 1,
characterized in that the optical combination
network is a fibre-optical network.

6. An optical fibre amplifier according to claim 5,
characterized in that the means (25-28; 45;
46) for combining the energy from the pump lasers (20-23; °©
40-43) comprise fibre couplers.

7. An optical fibre amplifier according to claims 1-6,
characterized by including means (108A-N) for
detecting an output signal from respective pump lasers
(102A-N), and including means (112A-N) for determining the
level of the output'signal and for regulating the output
signal of respective pump lasers (102A-N) in response
thereto.

8. An optical fibre amplifier according to claim 7,
characterized in that the detection means
(112A-N) detect the presence of an optical signal from re-
spective pump lasers (102A-N), and that the output signal
level of the other pump lasers is increased if said signal
is below a given threshold value.

V1

-
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