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SUBMARINE OPTICAL SYSTEM

The present invention relates to a submarine optical communications system, and to a

joint for a submarine optical communications system.

Branching units are units that connect three cables (¢.g. three submarine cables). In
general terms, a branching unit may provide a connection between a first location and
second location, at the same time as connecting the first and second locations to a
third location via a branch connection. Traffic between the first location and the
second location is typically carried by a first range of wavelengths, and traffic to or
from the third location (from either the first or second location) is carried by a second

(different) range of wavelengths.

In general, it is desirable for branching units to be highly reliable, because recovering
a branching unit for maintenance is made complicated and difficult by the three cables
(and generally requires a complex marine operation). Complexity in a branching unit
should therefore be kept to a minimum. It may also be desirable for a branching unit
to provide flexibility in spectral allocation (e.g. the allocation of channels in a
wavelength division multiplexed system) between each of the first, second and third
locations, so that traffic through the branching unit can be more optimally allocated

spectrum/channels.

In an optical add drop multiplexing (OADM) branching unit, traffic between the first
location and the second location is again carried by a first range of wavelengths, and
traffic to or from the third location (to or from the first or second location) is carried
by a second (different) range of wavelengths. In an OADM branching unit, wavelength
selective filters are used to divert (drop) only the second range of wavelengths to the
third location from the first location. Wavelength selective filters may also be used to
recombine (add) the second (or a different, third) range of wavelengths from the third

location to the second location.

Where fixed wavelength filters are used (which is presently typical to avoid concerns
over reliability, complexity, and power consumption required for reconfigurable
arrangements) the operator is committed to a fixed wavelength allocation for the

branch traffic to or from the third location. Given the difficulties in forecasting traffic,
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there have been efforts to provide greater flexibility without too much complexity
(complexity tending to have the drawback of negatively impacting both reliability and
cost). One approach has been to site the wavelength selective filters in a box between
the branching unit and the third location. This means that filters can be replaced more
readily without interfering with the branching unit, which may require a difficult
marine operation. Although recovering such a box is also disruptive, it is a simpler
operation than recovering a branching unit (where, by definition, at least three cables

mect).

Often more than one branching unit is required for an optical communication system
linking many locations. In order to ensure that a communication link can be
maintained over its lifetime, redundant BUs may be provisioned when a system is
commissioned, which may be kept ready for deployment (¢.g. onshore) to replace a
failed unit, should that be necessary. If each BU has the same configuration, this
approach of provisioning redundancy may be more practical than if each BU has a

unique configuration of OADM.

A solution to at least some of the above-mentioned problems is desired.

According to a first aspect of the invention, there is provided a common component
assembly for a cable joint for joining a first submarine optical cable and a second
submarine optical cable, the common component assembly comprising:

a first end face comprising a first opening and a first flange for connection to a
first cable termination unit of an undersea optical cable joint;

a second end face comprising a second opening and a second flange for
connection to an outer housing of an undersea optical cable joint;

a fibre tray connecting the first end face to the second end face;

an optical assembly connected to a first side of the fibre tray, the optical

assembly comprising a free space optical add/drop multiplexer.

Housing a free space optical add/drop multiplexer in a cable joint in this way may
make it cheaper and simpler to deploy subsea optical network infrastructure that is
straightforward to maintain and reliable. In certain embodiments, a free space
implementation for the add/drop multiplexer enables a very compact arrangement that

can be accommodated within a common component assembly of a cable joint. In
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certain embodiments, a free space implementation for the add/drop multiplexer

minimises the number of fibre splices required to implement the add/drop multiplexer.

The cable joint may comprise a universal joint.

The optical assembly may have outer dimensions of less than 20cm x 10cm x 10¢cm.

The exterior of the optical assembly may comprise a fibre bend limiter. The side of
the fibre tray to which the optical assembly is attached can subsequently accommodate

fibre storage, which may make installation more convenient.

The optical assembly may comprise a fibre guide configured to reduce fibre curvature

on entry to the optical assembly.

The optical assembly may comprise an optical module configured to:

drop a first subset of channels from an express optical fibre to a drop optical
fibre;

allow through transmission of a second subset of channels through the express
optical fibre, and

add the first subset of channels from an add optical fibre to the express optical

fibre.

The optical module may comprise a first, second, third and fourth filter, wherein:

the first and second filter are each configured to transmit the second subset of
channels and reflect the first subset of channels;

the third and fourth filter are each configured to transmit the first subset of

channels and reflect the second subset of channels

The optical module may further comprise:

a first reflector configured to direct light transmitted through the first filter to
the second filter; and

a second reflector configured to direct light transmitted through the third filter
to the fourth filter.

The first filter may be configured to reflect light to the fourth filter. The second
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filter may be configured to reflect light to the third filter.

The optical module may further comprise:

a first input port configured to direct light at the first reflector by transmission
through the first filter;

a second input port configured to direct light at the second reflector by
transmission through the third filter;

a first output port configured to receive light from the second reflector by
transmission through the fourth filter;

a second output port configured to receive light from the first reflector by

transmission through the second filter.

The optical assembly may comprise fibre pigtails already coupled to each of the ports

of the optical module.

The optical assembly may comprise at least two optical modules, configured to
add/drop signals from an ecastward fibre to a first add/drop optical fibre pair, and to

add/drop signals from a westward fibre to a second add/drop optical fibre pair.

The optical assembly may comprise fibre pigtails already coupled to each of the ports

of the optical module.

The optical assembly may comprise fibre pigtails already coupled to each of the ports

of the optical module.

According to a second aspect there is provided an optical system, comprising a
branching unit, a cable joint and a first leg of optical cable connecting the cable joint
to the branching unit, wherein the cable joint comprises a common component
assembly according to the first aspect, and the first leg carries at least one express

optical fibre, at least one drop optical fibre, and at least one add optical fibre.

Embodiments of the invention will now be described, with reference to the

accompanying drawings, in which:

Figure 1 is a schematic of a universal joint for connecting together optical cables;
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Figure 2 is an exploded diagram of a universal joint;

Figure 3 is a schematic of an optical add-drop multiplexer (OADM) branching unit;

Figure 4 is a schematic of a branching unit with a remote box comprising a loop

connector,

Figure 5 is a schematic of a branching unit with a remote box comprising an OADM

for making a branch connection;

Figure 6 is a schematic of an embodiment in which the OADM is provided in a

universal joint;

Figure 7 is a schematic of the optical layout of OADM modules according to an

embodiment;

Figure 8 is a schematic of an alternative OADM module according to an embodiment;

Figure 9 is a schematic of a further alternative OADM module according to an

embodiment;

Figure 10 is a schematic showing the exterior of an optical assembly comprising

OADM modules according to an embodiment;

Figure 11 is a schematic of the optical assembly of Figure 8 installed in a common

component assembly of a universal joint viewing a first side of the fibre tray;

Figure 12 is a schematic of the optical assembly of Figure 8 installed in a common

component assembly of a universal joint viewing a second side of the fibre tray;

Figure 13 is a schematic of an alternative configuration of an optical assembly

according to an embodiment; and
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Figure 14 is a schematic of the alternative configuration of optical assembly installed

in a common component assembly of a universal joint.

Like reference numerals are used to indicate like elements in the drawings. The terms
“west” and “east” herein are not intended to indicate geographic directions, but simply

to distinguish conveniently between different directions of transmission.

Figure 1 shows a simplified schematic diagram of a universal cable joint for jointing
fiber optic cables for use in undersea optical telecommunication systems. Such a joint
is referred to as a universal cable joint because it can interconnect many different
types of undersea optical telecommunication cables, regardless of manufacturer. The
cable joint includes a common component assembly 10 in which an optical fiber splice
is located. The fiber splice is formed from two fibers that respectively originate in two
cables that cach terminate in cable termination units 12. A protective assembly 15
surrounds the common component assembly 10 and cable termination units 12 to

provide protection from the external environment.

Figure 2 shows an example of a universal cable joint that is available from Global
Marine Systems Limited and the Universal Joint Consortium, which is often simply
referred to as the Universal Joint. The protective assembly 15 that was schematically
illustrated in Figure 1 comprises a stainless steel sleeve 14 that surrounds the common
component assembly 10 and a polyethylene sleeve 16 that is moulded over the
common component assembly 10. The stainless steel sleeve 14 provides resistance to
tensile, torsional and compressive loads and further may provide an electrically
conductive path through which electrical power can be transmitted from a conductor

of one cable to a conductor of the other.

A subsea optical cable may comprise a number of internal components. The jointing
process begins by stripping back various layers of the cable to reveal predetermined
lengths of the outer jacket, copper conductor, strandwires, and the fiber package (¢.g.
a buffer tube containing optical fibers or a kingwire surrounded by the optical fibers).
The strandwires are clamped in a ferrule assembly located in the cable termination
units 12. The fiber package extends into the common component assembly 10, where

it is held in place by a series of clamps. In the common component assembly 10 the
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individual fibers are separated and spliced to their corresponding fibers from the other

cable.

As i1s more clearly shown in Figures 9 and 10, the common component assembly 10
comprises a first end face 71 comprising a first opening 73 through which the fibre
package extends into the common component assembly 10, and a first flange 72 by
which the adjacent cable termination unit 12 is attached to the common component
assembly 10. The common component assembly 10 further comprises a second end
face 81 comprising a second opening 83 through which the fibre package extends into
the common component assembly 10, and a second flange 82 by which the adjacent
cable termination unit 12 is attached to the common component assembly 10. A fibre

tray 85 extends between the first and second end faces 71, 81.

Any excess fiber may be accommodated in the fibre tray of the common component
assembly 100, looped around a bend limiter 21. Fibre splices may be retained within
splice tubes, and secured to a mounting block 22 that forms part of a bend limiter 21

on one side of the fibre tray.

The common component assembly 10 is inserted in the stainless steel sleeve 14 and
end caps 13 are screwed to each end of the assembly 10. Two tension rods 17 and 19
extend through the end caps 13 and the common component assembly 10. The tension
rods 17 and 19 are designed to carry any tension loads that are placed on the universal
joint during deployment (¢.g. as the joint is transferred from a cable laying ship to the

subsea environment).

Figure 3 schematically illustrates optical apparatus 100 comprising: a branching unit
150; a first, second and third location 101, 102, 103; and first, second and third cables
110, 120, 130.

The first cable 110, second cable 120 and third cable 130 respectively connect each of
the first location 101, second location 102 and third location 103 to the branching unit
150. Each of the first cable 110, second cable 120, and third cable 130 respectively
comprise at least one optical fibre 111, 121 and 131, 132. Although a single fibre
connection is depicted, it will be understood that any of the optical cables 110, 120,

130 may comprise a plurality of cables, connected by the branching unit 150.
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Furthermore, although only a single direction of communication is sometimes shown
for simplicity, it will be appreciated that duplex communication is typically used (¢.g.

by fibre pairs).

The spectrum (channels) 165 received at the third location and the spectrum
(channels) 170 transmitted from the third location are indicated, along with the

spectrum 160 received at the second location 102.

The optical fibre 111 carries a first range of wavelengths (¢.g. a set of at least one
channel), indicated by a solid line 161, and a second range of wavelengths, indicated
by a dashed line 162. The first range of wavelengths 161 are allocated for
communication from the first location 101 to the second location 102. The second
range of wavelengths 162 are allocated for communication from the first location 101

to the third location 103, and from the third location to the second location 102.

The branching unit is an optical add drop multiplexing (OADM) branching unit 150
and uses a "drop" filter 141 (a fixed wavelength selective filter) to route only the
second range of wavelengths 162 carried by the optical fibre 111 of the first cable 110
to the optical fibre 131 of the third cable 130 (and thence to the third location 103). A
further "add" filter 142 (a fixed wavelength selective filter) is used to add the second
range of wavelengths back into the optical fibre 121 of the second optical cable 121

for communication from the third location 103 to the second location 102.

The fixed add/drop filters 141, 142 offer no flexibility, and the operator is committed
to a fixed allocation of spectrum/channels for each communication route. Although
reconfigurable add drop multiplexers (ROADM) arrangements are known, these add
significant complexity and their reliability is not yet sufficiently well established for

widespread adoption.

Given the difficulties of forecasting traffic over the lifetime of a communications
system, there have been efforts to provide greater flexibility without too much
complexity. One approach is to site the add/drop filters remotely from the branching

unit, for instance in a box between the branching unit and the third location.

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

35

WO 2019/171055 PCT/GB2019/050626

Figures 4 and 5 illustrate this approach. In Figure 4 a fibre-drop branching unit 150 is
installed with a box 180, remote between the branching unit 150 and the third location
103 (not shown), so that a proximal portion 130a of the third optical cable links the
branching unit 150 and the box 180. A loop connection 135 connects the optical fibre
111 of the first cable 110 to the optical fibre 121 of the second cable 120 via the
branching unit 150.

As shown in Figure 5 , at a later time, the box 180 can be picked up, and the desired
wavelength selective add/drop filters 141, 142 can be added to divert a preselected
range of wavelengths from the proximal portion of the third cable 130a to a distal
portion of the third optical cable 130b, so as to provide communication to and from a
third location 103. Picking up the submarine box 180, which has only two
connections, may be a simpler operation than picking up the branching unit 150,

which has a minimum of three.

Figure 6 illustrates an alternative arrangement, in which an optics assembly 185 is
positioned remote from a branching unit 150 that connects a first, second and third
location 101, 102, 103. In this example, bi-directional fibre pairs are illustrated. The
routing of a single fibre pair is illustrated for clarity, but it will be appreciated that

more fibre pairs may be used.

In the example of Figure 6, the universal joint with the optics module is placed
between the third location 103 and the branching unit 150, but in other examples the
optics module may be between the branching unit 150 and either of the first or second

locations 101, 102.

In the example of Figure 6, the first leg 211 running from the first location 101 to the
branching unit 150 comprises a fibre pair comprising an eastward fibre 221land
westward fibre 222. A third leg 212 of optical cable connects the universal joint
comprising the optical assembly 185 to the branching unit 150, and includes an
outward run of the eastward and westward fibre and a return run of the eastward and
westward fibre. The third leg 213 carries two fibre pairs. A second leg 212 of optical
cable connects the branching unit 150 to the second location 102. The second leg 212

also comprises the eastward and westward optical fibre 221, 222.
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Leading away from the universal joint is a cable comprising two fibre pairs: a first
(FP1) carrying traffic dropped from and to be added to the eastward fibre 221 and a
second (FP2) carrying traffic dropped from and to be added to the westward fibre 222.

The optics assembly 185 comprises wavelength selective filters 141a, 141b, 142a,
142b. A first and second drop filter 141a, 141b are used to drop wavelength channels
from the eastward and westward fibre respectively. A first and second add filter 142a,
142b are used to add wavelength channels from the third location 103 to the eastward

and westward channels 221, 222.

The optics assembly 185 is preferably placed within a cable joint housing, and may be
positioned several kilometres away from the branching unit 150 (e.g. with a length of
first leg 211 that allows the cable joint to be recovered to the surface without

disturbing the branching unit).

Figure 7 depicts an example embodiment of the optics assembly 185, in which the
add/drop functionality is implemented in two modules using free space optics: each of
the modules is a free space add/drop optical multiplexer. A module is provided for
cach add/drop fibre pair with a first input port and first output port for the fibre from
which channels are dropped and added, and a second input and output port for the
drop and add fibre pair. Fibre pigtails may be provided already coupled to the ports of
cach module, for splicing with optical fibres (¢.g. of the third leg 213). The angles of
incidence in Figure 7 are not intended to be limiting, and different (e.g. more shallow)

angles of incidence at the filters may be used in practice.

The light from the fibres is directed from the input fibres to the free space interior of
the module, toward filters and reflecting elements, and then coupled back into the
output fibres. Coupling lenses (¢.g. graded refractive index lenses) may be used to
collimate or focus light from input fibres into the free space module, and to couple

beams of light back into the output fibres.

In the example of Figure 7 a first module 186 and a second module 187 are shown.
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The first module 186 comprises a first input port 251, first output port 252, second
input port 253, second output port 254, first to fourth wavelength selective filters 261-
264 and first and second reflectors 271, 272.

The eastward fibre (carrying communication from the first location 101) is coupled to
the first input port 251 and to the first output port 252. The add and drop fibres of the
first add/drop fibre pair FP1 are respectively coupled to the second input port 253 and
the second output port 254. The filters 261-264 and reflectors are configured to drop
(to carry communication to the third location 103) a subset of the channels
communicating between the first and second location 101, 102, and then to add that
subset of channels back to the same fibre (to carry communication from the third
location 103). The subset of channels that is dropped and added may be referred to as
the add/drop channels, and the subset of the channels that is not dropped or added may
be referred to as the express channels. In the following the E and L channels both
comprise the express channels and D and A channels both comprise the add/drop

channels.

The castward optical fibre at the first input port 251 carries E channels that carry
information from the first location 101 to the second location 102 (without being
dropped) and D channels that are dropped to communicate from the first location 101

to the third location 103.

The light from the eastward optical fibre at the first input port 251 is directed to the
first wavelength selective filter 261 which is arranged to reflect the E channels and to
allow the D channels to be transmitted through the first filter 261. After transmission
through the first filter 216, the D channels are routed by the first reflector 271 to the
second output port 254 via the second wavelength selective filter 262, which is
configured to be transmissive for the D channels. The E channels that are reflected
from the first filter 261 are directed to the fourth wavelength selective filter 264,
which is configured to be reflective to the E channels and to reflect the E channels to

the first output port 252.

The light from the add fibre of the add/drop fibre pair FP1 is input to the second input
port 253, and comprises A channels to be added to the castward optical fibre, and L
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channels. The L channels may optionally carry loading signals that may reduce

spectral hole burning in the add/drop fibre pair.

The second input port 253 directs light to the third wavelength selective filter 263,
which is configured to pass the A channels and reflect the L channels. The A channels
are directed to a second reflector 272 which is configured to reflect the A channels to
the first output port through the fourth wavelength selective filter 264. The reflected L
channels are directed to the second filter 262, which is reflective for these channels,

and configured to reflect them to the second output port.

The second module 187 in this example is substantially identical to the first module
186 in optical layout, but may use differently configured filters, for example so that
the channels dropped from the eastward channel are different than the channels
dropped from the westward channel (e.g. to reflect traffic/demand asymmetry in these

links).

The second module 187 comprises a first input port 251, first output port 252, second
input port 253, second output port 254, first to fourth wavelength selective filters 261-
264 and first and second reflectors 271, 272.

The westward fibre (carrying communication from the second location 102) is coupled
to the first input port 251 and to the first output port 252. The add and drop fibres of
the second add/drop fibre pair FP2 are respectively coupled to the second input port
253 and the second output port 254,

The westward optical fibre at the first input port 251 carries E channels that carry
information from the second location 102 to the first location 101 (without being
dropped) and D channels that are dropped to communicate from the second location

102 to the third location 103.

The light from the add fibre of the add/drop fibre pair FP2 is input to the second input
port 253, and comprises A channels to be added to the westward optical fibre, and L
channels. The L channels may optionally carry loading signals that may reduce

spectral hole burning in the add/drop fibre pair.
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The routing of the E, D, A and L channels within the second module is as described
with reference to the first module. The E+A channels are directed to the first output

port 252 and the D+L channels are directed to the second output port 254,

Figure 8 shows an alternative embodiment of an optics module 186, similar to the
optics modules shown in Figure 7. The module 186 again has a first input port and
first output port for the fibre from which channels are dropped and added, and a
second input and output port for the drop and add fibre pair. Fibre pigtails may be
provided already coupled to the ports of the module, for splicing with optical fibres.

The light from the fibres is directed from the input fibres to the free space interior of
the module, toward filters and reflecting elements, and then coupled back into the
output fibres. Coupling lenses (¢.g. graded refractive index lenses) may be used to
collimate or focus light from input fibres into the free space module, and to couple

beams of light back into the output fibres.

The module of Figure 8 first module 186 comprises a first input port 251, first output
port 252, second input port 253, second output port 254, first to third wavelength
selective filters 261-263 and a first reflector 271.

The ports 251-254 are as described with reference to Figure 7, and the same fibres
may be coupled thereto. The channels E, L, D and A are the same as described with

reference to Figure 7.

The light from the eastward optical fibre at the first input port 251 is directed to the
first wavelength selective filter 261 which is arranged to reflect the E channels and to
allow the D channels to be transmitted through the first filter 261. After transmission
through the first filter 261, the D channels are routed to the second output port 254 via
the second wavelength selective filter 262, which is configured to be transmissive for
the D channels. The E channels that are reflected from the first filter 261 are directed
by the first reflector 271 to the third wavelength selective filter 262, which is
configured to be reflective to the E channels and to reflect the E channels to the first

output port 252.
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The light from the add fibre of the add/drop fibre pair FP1 is input to the second input
port 253, and comprises A channels to be added to the castward optical fibre, and L
channels. The L channels may optionally carry loading signals that may reduce

spectral hole burning in the add/drop fibre pair.

The second input port 253 directs light to the second wavelength selective filter 262,
which is configured to pass the A (and D) channels and reflect the L (and E) channels.
The A channels are directed to the first output port 252 through the third wavelength
selective filter 263. The reflected L channels are directed to the second output port
254,

A second module similar to that shown in Figure 8 may be provided, as described with

reference to Figure 7.

The arrangement of Figure 8 may be advantageous over that of Figure 7 in that it

requires fewer wavelength selective filters.

As an alternative to an entirely free space implementation within module 186, the
optics module 186 may be implemented in sub-modules 286, 287, 288. Each sub-
module may be provided with a single wavelength selective filter, and a number of
ports with fibre pigtails. Fibre splices may be used to join the pigtails of each sub-
module: e.g. to replace the first reflector 271, to transmit the D channels from the first
filter 261 to the second filter 262, and to transmit the A channels from the second
filter 262 to the third filter 263. This implementation in sub-modules may be
advantageous in reducing the optical path length that is to be implemented in free
space optics, which may make the module performance less dependent on achieving

stringent alignment tolerances.

Figure 9 shows a further alternative embodiment of an optical module 186. The
module 186 again has a first input port and first output port for the fibre from which
channels are dropped and added, and a second input and output port for the drop and
add fibre pair. Fibre pigtails may be provided already coupled to the ports of the

module, for splicing with optical fibres.
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The light from the fibres is directed from the input fibres to the free space interior of
the module 186, toward filters and reflecting elements, and then coupled back into the
output fibres. Coupling lenses 290 (e.g. graded refractive index lenses) may be used to
collimate or focus light from input fibres into the free space module, and to couple

beams of light back into the output fibres.

The module of Figure 8 first module 186 comprises a first input port 251, first output
port 252, second input port 253, second output port 254, first to fourth wavelength
selective filters 261-264 and a first to third reflectors 271-273. The ports 251-254 are
as described with reference to Figure 7, and the same fibres may be coupled thereto.

The channels E, L, D and A are the same as described with reference to Figure 7.

The E+D channels from the castward optical fibre at the first input port 251 are
directed to the first wavelength selective filter 261 which is arranged to reflect the E
channels and to allow the D channels to be transmitted through the first filter 261.
After transmission through the first filter 261, the D channels are routed to the second
output port 254 via first reflector 271 and the third wavelength selective filter 263,
which is configured to be transmissive for the D channels. The E channels that are
reflected from the first filter 261 are directed by the second reflector 272 to the
second wavelength selective filter 262, which is configured to be reflective to the E

channels and to reflect the E channels to the first output port 252.

The light from the add fibre of the add/drop fibre pair FP1 is input to the second input
port 253, and comprises A channels to be added to the eastward optical fibre, and L
channels. The L channels may optionally carry loading signals that may reduce

spectral hole burning in the add/drop fibre pair.

The second input port 253 directs light to the fourth wavelength selective filter 264,
which is configured to pass the A (and D) channels and reflect the L (and E) channels.
The A channels are directed to the first output port 252 through the first reflector 271
and second wavelength selective filter 262. The reflected L channels are directed to

the second output port 254 by the third reflector 273.

The length of the free space module shown in Figure 9 may be from 80 to 120 mm, for

example 100mm. The width may be from 15mm to 30mm. The angle of incidence of
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light at each wavelength selective filter 261-264 may be less than 15 degrees, for

example less than 5 degrees (3.6 degrees in the example shown).

An free space optical module (like that shown in Figure 9 may be advantageous in that
it may require the minimum number of fibre splices to install. Against this, free space
implementations may be less tolerant of optical misalignment. The embodiment of
Figure 8 has at least two optical filters in each optical path (except the L path, which
is less important), and therefore enables high levels of isolation to be provided

between the A, D and E channels.

Figure 10 shows an example package 181 of an optical assembly 185 according to an
embodiment. The package 181 comprises a bend limiting profile 193, mounting holes
191 and a fibre guide 192, and the external shape is similar to a bend limiter in a
standard universal joint. Optical fibres may be wrapped around the bend limiting
profile 193, for storage in the common component assembly 10. Fasteners (e.g.
screws) may secure the optical assembly 185 to the fibre tray of a common component
assembly 10 through the mounting holes 191 (which correspond with the standard
mounting locations for a bend limiter in a standard universal joint). The fibre guide
192 is angled in order to reduce curvature on a fibre entering the assembly from either

side of the fibre tray.

Figure 11 shows a common component assembly 10 (as described above) with an
optical assembly 185 connected to a first side 85 of the fibre tray. The optical
assembly 185 takes the place that a bend limiter would be located in a standard

universal joint, and may include a mounting block configured to support fibre splices.

Figure 12 shows the common component assembly 10 of Figure 11 from the other
side, with a bend limiter 89 and mounting block 87 connected to the second side 86 of
the fibre tray. Eight fibre splices 88 are shown disposed on the mounting block 87,
illustrating an example location for fibre splices to pigtails from the optical assembly
185. A standard common component assembly 10 is capable of accommodating 48
fibre splices on each mounting block 87, so there is more than enough room to
accommodate a number of add/drop optical multiplexer modules (especially taking
into account that a corresponding mounting block can be provided as part of the/each

optical assembly 185.
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Although it may be helpful that the optical assembly is similar in configuration to an
existing bend limiter, this is not essential. Figures 13 and 14 illustrate an example
configuration for the optical assembly 185 in which the optical assembly takes up
more space on the first side 85 of the fibre tray, potentially precluding accommodating
loops of fibre on that side of the tray. The angled fibre guide 192 is configured to
reduce fibre curvature (i.e. bend radius) for a fibre entering the optical assembly from

the other side of the fibre tray.

The examples provided above are not intended to limit the scope of the invention,

which should be interpreted with reference to the accompanying claims.
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CLAIMS

1. A common component assembly for a cable joint for joining a first submarine
optical cable and a second submarine optical cable, the assembly comprising:

a first end face comprising a first opening and a first flange for connection to a
first cable termination unit of an undersea optical cable joint;

a second end face comprising a second opening and a second flange for
connection to a second cable termination unit of an undersea optical cable joint;

a fibre tray connecting the first end face to the second end face;

an optical assembly connected to a first side of the fibre tray, the optical

assembly comprising a free space optical add/drop multiplexer.

2. The common component assembly of claim 1, wherein the cable joint

comprises a universal joint.

3. The common component assembly of claim 1, wherein the optical assembly has

outer dimensions of less than 20cm x 10cm x 10cm.

4. The common component assembly of any preceding claim, wherein the exterior

of the optical assembly comprises a fibre bend limiter

5. The common component assembly of any preceding claim, wherein the optical
assembly comprises a fibre guide configured to reduce fibre curvature on entry to the

optical assembly.

6. The common component assembly of any preceding claim, wherein the optical
assembly comprises an optical module configured to:

drop a first subset of channels from an express optical fibre to a drop optical
fibre;

allow through transmission of a second subset of channels through the express
optical fibre, and

add the first subset of channels from an add optical fibre to the express optical

fibre.
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7. The common component assembly of claim 6, wherein the optical module
comprises a first, second, third and fourth filter, wherein:

the first and second filter are each configured to transmit the second subset of
channels and reflect the first subset of channels;

the third and fourth filter are each configured to transmit the first subset of

channels and reflect the second subset of channels

8. The common component assembly of claim 7, wherein the optical module
further comprises:

a first reflector configured to direct light transmitted through the first filter to
the second filter; and

a second reflector configured to direct light transmitted through the third filter
to the fourth filter.

9. The common component assembly of claim 7 or §, wherein:
the first filter is configured to reflect light to the fourth filter; and
the second filter is configured to reflect light to the third filter.

10. The common component assembly of any of claims 7 to 9, wherein the optical
module further comprises:

a first input port configured to direct light at the first reflector by transmission
through the first filter;

a second input port configured to direct light at the second reflector by
transmission through the third filter;

a first output port configured to receive light from the second reflector by
transmission through the fourth filter;

a second output port configured to receive light from the first reflector by

transmission through the second filter.

11. The common component assembly of claim 10, wherein the optical assembly

comprises fibre pigtails already coupled to each of the ports of the optical module.

12. The common component assembly of any of claims 6 to 11, wherein the optical

assembly comprises at least two optical modules, configured to add/drop signals from
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an eastward fibre to a first add/drop optical fibre pair, and to add/drop signals from a

westward fibre to a second add/drop optical fibre pair.

13. The common component assembly of claim 10, wherein the optical assembly

comprises fibre pigtails already coupled to each of the ports of the optical module.

14. The common component assembly of claim 10, wherein the optical assembly

comprises fibre pigtails already coupled to each of the ports of the optical module.
15. An optical system, comprising a branching unit, a cable joint and a leg of

optical cable connecting the cable joint to the branching unit, wherein the cable joint

comprises a common component assembly according to any of claims 6 to 14.
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