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Description

Field of the Invention

[0001] The present invention relates generally to op-
tical transmission systems, and more specifically, to ar-
chitectures for redundant and non-redundant terminal
transmission equipment optical transmission systems
employing optical amplifiers.

Background of the Invention

[0002] In optical transmission -system design, system
reliability and minimization of system power loss are key
concerns. To enhance reliability, redundant architec-
tures are often employed. In conventional redundant ter-
minal transmission equipment (TTE) systems, redun-
dant transmitters and post-amplifiers are employed on
the transmitting end of the system, while redundant pre-
amplifiers and receivers are employed on the receiving
end. Selection of a particular transmitter/post amplifier
pair is made via a protection element, such as an optical
switch, while an optical coupler is employed to distribute
the optical signal to each pre-amplifier/receiver pair.
[0003] There is an insertion signal power loss, how-
ever, associated with protection elements, such as op-
tical couplers and switches. For example, a typical op-
tical switch might produce a 2.5 decibel (dB) power loss,
while a typical optical coupler might produce a loss of
4.5 dB. In a conventional redundant TTE optical system
employing such components, therefore, there is an ap-
proximately 7 dB tax on the system power budget attrib-
utable to the protection elements.
[0004] In addition, conventional redundant TTE opti-
cal transmission systems employing passive optical am-
plifiers with laser pumps do not take advantage of the
additional power potentially available in the pre- and
post amplifier pumps associated with the standby (i.e.,
redundant) transmission and reception paths.
[0005] It is desired, therefore, to provide a redundant
TTE optical transmission system configuration which
eliminates the system power loss caused by the protec-
tion elements (e.g., the optical switches and couplers)
and which utilizes the power available from the laser
pumps in the standby path to increase system power
margin.
[0006] In conventional redundant TTE and non-re-
dundant optical transmission systems, failure of a laser
pump leads to the failure of the passive optical amplifier
excited by the pump. In redundant systems, this neces-
sitates switching to the standby transmission path,
which causes a temporary transmission failure during
the switching process. In non-redundant systems (i.e.,
systems with unprotected TTEs), failure of an optical
amplifier causes an extended transmission failure, until
pump repairs can be completed.
[0007] It is desired, therefore, to also provide an opti-
cal transmission system configuration with a virtually

non-failing optical amplifier, i.e., a configuration in which
the failure of a laser pump does not lead to transmission
failure, whether momentary or for an extended period.
[0008] EP-A-O 440 276 discloses an optical transmis-
sion line when it is possible to inject and extract service
optical signals; whithout having to convert the transmit-
ted signal into an electrical form.
[0009] In US-A-5 339 183, an optical signal transmis-
sion device is described which suppresses stimulated
Brillouin scattering generated from the optical fiber in
the transmission line.

Summary of the Invention

[0010] The present invention provides a redundant
TTE optical transmission system architecture which
eliminates system signal power loss due to the protec-
tion elements and thus provides a system power budget
comparable to non-redundant TTE systems. In addition,
the present invention employs fewer passive amplifier
components than conventional redundant TTE optical
transmission systems.
[0011] For both redundant TTE and non-redundant
optical transmission systems, the present invention pro-
vides a virtually non-failing optical amplifier, and thus
limits system failure to instances of TTE failure. Further-
more, the present invention allows for the simultaneous
exploitation of the pump power from both sets of laser
pumps in a dual-pump configuration, thereby increasing
system power margin.

Brief Description of the Drawings

[0012]

FIG. 1 depicts a conventional, redundant TTE opti-
cal transmission system architecture.
FIG. 2 depicts a redundant TTE optical transmis-
sion system architecture according to the present
invention.
FIG. 3 depicts the transmission side configuration
of a conventional, unprotected optical transmission
system.
FIG. 4 depicts the transmission side configuration
of an unprotected optical transmission system with
non-failing optical amplifier according to the present
invention.
FIG. 5 depicts a remote amplification architecture
with non-failing optical amplifier according to the
present invention.

Detailed Description

[0013] For redundant TTE optical transmission sys-
tems, the present invention provides an architecture
wherein the protection elements are strategically placed
so as to optimize transmission power budget. The
present invention eliminates system signal power loss
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due to the protection elements, thus providing a system
power budget comparable to non-redundant TTE sys-
tems. Additionally, the present invention provides a
component cost savings as compared to conventional
redundant TTE optical systems because it employs few-
er amplifier components.
[0014] In both redundant TTE and non-redundant op-
tical transmission systems, the present invention pro-
vides a virtually non-failing optical amplifier and thus lim-
its system failure to instances of TTE failure. Further-
more, the present invention allows for the simultaneous
exploitation of the pump power from both sets of laser
pumps in a dual-pump configuration, thereby increasing
the available system power margin.
[0015] FIG. 1 depicts a conventional, redundant TTE
optical transmission system. On the transmit side 160,
an optical signal is routed through transmitter A 10 and
post amplifier A 30 which is pumped by a set of laser
pumps A 50. In case of a failure in path A (i.e., failure of
transmitter A 10, post amplifier A 30, or pumps A 50),
the optical signal is routed through path B, comprised of
transmitter B 10, post amplifier B 30, and a set of laser
pumps B 50. Switching between transmission paths A
and B is performed by an optical switch 70.
[0016] Similarly, on the receive side 170, the optical
signal is passed through an optical coupler 90, which
distributes the signal to receive paths A and B, com-
prised of, respectively, pre-amplifier A 30 with laser
pumps A 50 and receiver A 120, and pre-amplifier B 30
with pumps B 50 and receiver B 120. The optical signal
is routed between the transmit 160 and receive 170
sides of the system over an optical fiber 80.
[0017] The optical switch 70 has an associated inser-
tion signal power loss. In a conventional optical switch,
this loss is, for example, 2.5 decibels. Thus, for example,
if the post amplifiers A 30 and B 30 produce a 21 dBm
output signal, the signal strength upon exiting the optical
switch 70 is reduced to 18.5 dBm. Similarly, the optical
coupler 90 causes a signal power loss which, in a typical
optical coupler, might be approximately 4.5 dB. The sen-
sitivity of the preamplified receivers 120 is therefore de-
graded by 4.5 dB.
[0018] In a conventional, redundant TTE optical trans-
mission system, there is thus a tax of approximately 7.0
dB on the system power budget caused by the protec-
tion elements (i.e., the optical switch 70 and coupler 90).
In addition, because there are separate optical amplifi-
ers 30 and pumps 50 for each transmission path on the
transmit side 160 and the receive side 170, the amplifier
power in the standby path is not utilized. Furthermore,
a failure in the optical amplifier 30, including a failure in
the amplifier's associated pumps 50, in the active trans-
mission path requires a switchover to the standby path,
with an associated temporary transmission failure dur-
ing the switchover.
[0019] FIG. 2 depicts a lossless, redundant TTE opti-
cal transmission system configuration with non-failing
optical amplifier according to the present invention. In

this configuration, the protection elements are strategi-
cally placed to optimize transmission power budget. A
single post amplifier 30 is positioned after the optical
switch 70, which selects the desired transmitter 10 out-
put. Because the post amplifier 30 operates in the sat-
uration region with an input dynamic range of, for exam-
ple, +3 dBm to -12 dBm, the 2.5 dB signal loss caused
by the optical switch 70 does not affect the output power
of the post amplifier 30.
[0020] Similarly, on the receive side, the optical signal
is amplified by the preamplifier 30 prior to entering the
optical coupler 90. Thus, the signal power is amplified
prior to being attenuated by the optical coupler 90. As
long as the preamplifier 30 provides adequate gain, the
sensitivity of the receivers 120 is therefore not degraded
by the, e.g., 4.5 dB signal loss imposed by the optical
coupler 90.
[0021] In the optical transmission configuration de-
picted in FIG. 2, each amplifier 30 is capable of being
simultaneously pumped by the laser pumps 50 from
both transmission paths A and B. Thus, all available
pump power in both paths can be utilized to improve the
system power margin, and thereby reduce the system
bit-error rate (BER). Using conventional laser pumps 50
and passive amplifier components 30, an additional gain
of, e.g., 3 dB can be achieved by this double-pumping.
Thus, for example, if a post amplifier 30 having a 21 dBm
output with one set of pumps is utilized, the simultane-
ous use of an additional set of pumps 50 increases the
amplifier 30 output to approximately 24 dBm. In order to
overcome stimulated Brillouin scattering (SBS), howev-
er, a 3 dB increase in output power requires twice the
transmission linewidth of that at 21 dBm.
[0022] If the post amplifier 30 and pre-amplifier 30 are
comprised of passive components, the system configu-
ration in FIG. 2 provides virtually non-failing optical am-
plifiers 30. Because they are passive, the amplifier com-
ponents themselves cannot fail. Furthermore, because
there is redundancy in the pump lasers 50, failure of one
set of pump lasers 50 does not lead to failure of the as-
sociated optical amplifier 30. The likelihood of a simul-
taneous failure of both sets of laser pumps 50 is minus-
cule. Additionally, no transmission path switchover is
needed in case of a pump laser 50 failure. Thus, failure
of one set of laser pumps 50 does not lead to even a
temporary transmission failure.
[0023] The optical transmission system configuration
of FIG. 2 provides a cost savings over that depicted in
FIG. 1 due to the elimination of one set of amplifier 30
components on both the transmit 160 and receive 170
sides of the transmission system.
[0024] In one embodiment of the present invention,
1550 nanometer (nm) synchronous digital hierarchy
(SDH), and/or SDH/line terminating unit (LTU) transmis-
sion terminal elements (TTEs) are used, 1480 nm pump
lasers are used on the transmit side, and 980 nm pump
lasers are used on the receive side.
[0025] FIG. 3 depicts the transmission side configu-
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ration of a conventional, unprotected (i.e., non-redun-
dant) optical transmission system. In a simple, unpro-
tected TTE optical transmission system (i.e., a configu-
ration according to FIG. 3 wherein n=1), only one trans-
mitter 10, with associated amplifier 30 and pumps 50 is
employed. In a wavelength division multiplexing (WDM)
system, multiple transmitters 10, each outputting an op-
tical signal of a different wavelength, are employed,
each having an associated amplifier 30 and pump lasers
50.
[0026] In a simple, unprotected TTE system, failure of
the pump lasers 50 leads to total transmission failure,
until repairs can be made. In an unprotected WDM sys-
tem, failure of a set of pumps 50 leads to failure of trans-
mission at all wavelengths until the pumps are repaired.
[0027] FIG. 4 depicts the transmission side configu-
ration of an unprotected optical transmission system
with non-failing optical amplifier according to the present
invention. As in the redundant TTE configuration ac-
cording to the present invention, depicted in FIG. 2, a
single, passive amplifier 30, is employed for transmis-
sion, with two sets of associated pump lasers 50. This
pump redundancy provides for a virtually non-failing op-
tical amplifier 30. That is, the optical amplifier 30 does
not fail when one set of pumps 50 fails. Thus, optical
amplifier 30 failure is limited to the rare circumstance
where both sets of laser pumps 50 are inoperative si-
multaneously.
[0028] While both sets of pump lasers 50 are opera-
tive, the dual pumping of FIG. 4 provides for an in-
creased system power margin (and thus a lower BER).
For WDM configurations (i.e., configurations according
to FIG. 4 wherein n > 1), the present invention provides
a component cost savings over conventional WDM sys-
tems, due to the reduced number of amplifiers 30 em-
ployed.
[0029] FIG. 5 depicts a remote amplification architec-
ture with non-failing optical amplifier according to the
present invention. As with the non-failing amplifiers em-
ployed on the transmit 160 and receive 170 sides of the
redundant TTE and non-redundant transmission sys-
tems according to the present invention, depicted in
FIGS. 2 and 4, a remote amplifier 30 can be excited by
two sets of pumps 50. This dual pumping provides in-
creased system power margin when both pumps 50 are
operative simultaneously, and provides pump redun-
dancy for continuous system availability in the case of
a pump failure. A polarization combiner 500 is used to
combine the signals from the two sets of pumps 50 for
transmission along the optical fiber 80 to the remote am-
plifier 30.
[0030] In one embodiment of the present invention, a
1480 nm pump signal is used to excite the remote am-
plifier 30. The passive remote amplifier 30, as well as
the passive amplifiers 30 employed on the transmit 160
and receive 170 sides of the transmission systems as
shown in FIGS. 2 and 4, can be, for example, erbium-
doped fiber amplifiers (EDFAs).

Claims

1. A redundant optical transmission system, compris-
ing:

(A) a first optical transmitter (10);
(B) a second optical transmitter (10);
(C) an optical amplifie (30);
(D) an optical switch (70), coupled between, on
one part, the first and second optical transmit-
ters (10) and on the other part, the optical am-
plifier (30);
(E) a first laser pump (50) coupled to the optical
amplifier (30); and
(F) a second laser pump (50) coupled to the op-
tical amplifier (30).

2. An optical transmission system, comprising:

a first optical receiver (120),
a second optical receiver (120);
an optical amplifier (30);
an optical coupler (30), said optical couple (90)
being coupled between, on one part, said first
and second optical receivers (120) and, on the
other part, said optical amplifier (30)
a first laser pump (50) coupled to said optical
amplifier (30) and
a second laser pump (50) coupled to said opti-
cal amplifiers (30).

3. The system of claim 1 or 2 further comprising a sec-
ond optical amplifier (30) and a polarization com-
biner (500), wherein said second optical amplifier
(30) is located remote from said optical amplifier
and wherein said first laser pump (50) and said sec-
ond laser pump (50) are coupled to said polarization
combiner (500) and said polarization combiner
(500) is coupled to said second optical amplifier
(30).

4. The system of any one of claims 1 to 3 wherein said
optical amplifier (30) is simultaneously pumped by
said first laser pump and said second laser pump.

5. The system of any one of claims 1 to 4 wherein said
optical amplifier is an erbium-doped fiber amplifier.

6. The system of any of one claims 1 to 5 wherein said
first laser pump (50) and said second laser pump
(50) operate at 1480 nanometers.

Patentansprüche

1. Redundantes optisches Übertragungssystem mit:

(A) einem ersten optischen Sender (10);
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(B) einem zweiten optischen Sender (10);
(C) einem optischen Verstärker (30);
(D) einem optischen Schalter (70), der zwi-
schen den ersten und zweiten optischen Sen-
dern (10) einerseits und dem optischen Ver-
stärker (30) andererseits gekoppelt ist;
(E) einer ersten Laserpumpe (50), die mit dem
optischen Verstärker (30) gekoppelt ist; und
(F) einer zweiten Laserpumpe (50), die mit dem
optischen Verstärker (30) gekoppelt ist.

2. Optisches Übertragungssystem, mit:

einem ersten optischen Empfänger (120);
einem zweiten optischen Empfänger (120);
einem optischen Verstärker (30);
einem optischen Koppler (90), wobei der opti-
sche Koppler (90) zwischen den ersten und
zweiten optischen Empfängern (120) einerseits
und dem optischen Verstärker (30) anderer-
seits gekoppelt ist;
einer ersten Laserpumpe (50), die mit dem op-
tischen Verstärker (30) gekoppelt ist; und
einer zweiten Laserpumpe (50), die mit dem
optischen Verstärker (30) gekoppelt ist.

3. System nach Anspruch 1 oder 2 ferner mit einem
zweiten optischen Verstärker (30) und einem Pola-
risationskombinator (500), wobei der zweite opti-
sche Verstärker (30) entfernt vom optischen Ver-
stärker angeordnet ist und wobei die erste Laser-
pumpe (50) und die zweite Laserpumpe (50) mit
dem Polarisationskombinator (500) gekoppelt sind
und der Polarisationskombinator (500) mit dem
zweiten optischen Verstärker (30) gekoppelt ist.

4. System nach einem der Ansprüche 1 bis 3, wobei
der optische Verstärker (30) gleichzeitig durch die
erste Laserpumpe und die zweite Laserpumpe ge-
pumpt wird.

5. System nach einem der Ansprüche 1 bis 4, wobei
der optische Verstärker (30) ein Erbium-dotierter
Faserverstärker ist.

6. System nach einem der Ansprüche 1 bis 5, wobei
die erste Laserpumpe (50) und die zweite Laser-
pumpe (50) bei 1480 Nanometern arbeiten.

Revendications

1. Système redondant de transmission optique,
comprenant :

(A) un premier émetteur optique (10) ;
(B) un second émetteur optique (10) ;
(C) un amplificateur optique (30) ;

(D) un commutateur optique (70), couplé entre,
d'une part, le premier et le second émetteurs
optiques (10) et, d'autre part, l'amplificateur op-
tique (30) ;
(E) une première pompe laser (50) couplée à
l'amplificateur optique (30) ; et
(F) une seconde pompe laser (50) couplée à
l'amplificateur optique (30).

2. Système de transmission optique, comprenant :

un premier récepteur optique (120) ;
un second récepteur optique (120) ;
un amplificateur optique (30) ;
un coupleur optique (90), ledit coupleur optique
(90) étant couplé entre, d'une part, ledit premier
et ledit second récepteurs optiques (120) et,
d'autre part, ledit amplificateur optique (30) ;
une première pompe laser (50) couplée au dit
amplificateur optique (30) ; et
une seconde pompe laser (50) couplée au dit
amplificateur optique (30).

3. Système selon les revendications 1 ou 2, compre-
nant en outre un second amplificateur optique (30)
et un multiplexeur de polarisation (500), dans lequel
ledit second amplificateur optique (30) est situé à
distance dudit amplificateur optique et dans lequel
ladite première pompe laser (50) et ladite seconde
pompe laser (50) sont couplées au dit multiplexeur
de polarisation (500), et ledit multiplexeur de pola-
risation (500) est couplé au dit second amplificateur
optique (30).

4. Système selon l'une quelconque des revendica-
tions 1 à 3, dans lequel ledit amplificateur optique
(30) est simultanément pompé par ladite première
pompe laser et ladite seconde pompe laser.

5. Système selon l'une quelconque des revendica-
tions 1 à 4, dans lequel ledit amplificateur optique
(30) est un amplificateur à fibre dopée à l'erbium.

6. Système selon l'une quelconque des revendica-
tions 1 à 5, dans lequel ladite première pompe laser
(50) et ladite seconde pompe laser (50) fonction-
nent à 1480 nanomètres.
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