
EP0506732B1 Description This invention relates to a passive optical ring
network, and in particular to a passive optical ring network for use in an
In-station telecommunications environment, or for use in a local area
network (LAN), a wide area 5   network (WAN), or a metropolitan area
network (MAN). In a typical In-station environment, such as a trunk
repeater station, telecommunications signals are fed into tributary cards
at 2Mb/s from local exchanges. These signals are then passed to an 8Mb/s
muldex (mul- tiplexer/demultiplexer), from where they pass to a 140 Mb/s
muldex via a 34 Mb/s muldex. At each stage, eight interconnections and 16
point-to-point co-axial links are required, and this gives rise to
termination problems 10 on the associated cards. In order to reduce the
number of interconnections and point-to-point links, It is known to use a
passive opt- ical ring of the type shown in Figure 1, this figure showing
how such a ring can provide the necessary inter- connections between four
tributary cards 1 and an 8Mb/s muldex 2. Thus, each of the cards 1 and the
muldex 2 is connected to a passive optical ring 3 by a respective passive
50/50 optical coupler 4. In this way, the cards 15 1 are connected to the
muldex 2 by a ring (the passive optical ring 3) having only five nodes (the
couplers 4), and this leads to a substantial reduction In the number of
terminations on the card associated with the muldex 2. This type of ring is
described in "The optical Exchange - Network Architectures", J Peacock,
I.E.E. Collo- quium on Optical Interconnects, Electronic Division, E13,
November 1988. As a trunk repeater of this type only carries traffic at
2Mb/s and 140Mb/s (signals come in at 2Mb/s from 20 the local exchanges,
and go out over the trunk network at 140 Mb/s), the 8 and 34 Mb/s muldexes
generally carry no traffic, and so are surplus to requirements from the
point of view of traffic management. In modern trunk repeater stations,
therefore, it would be advantageous to feed 2Mb/s tributary cards directly
to the 140 Mb/s muldex. With standard co-axial Interconnections, this would
cause severe termination problems, as 128 point-to- 25 point links would be
required to serve 64 2Mb/s tributaries. Moreover, the passive ring topology
of the type described above with reference to Figure 1 would not work, as
such a ring could not support the required num- ber of nodes. Thus,
assuming edge emitting light emitting diodes (ELEDs) are used to launch
power into the couplers 4, and the couplers are associated with receivers
of sensitivity -52dB, the optical power budget (that is to say the
difference between receiver sensitivity and launch power into a fibre at a
coupler) of the ring of 30    Figure 1 can supportonlyfive nodes. This Is
because the launch powerofthe ELEDs is -26dB, (giving an optical power
budget of 26dB), there is a loss of -4dB at each coupler 4, and typically
there are fibre and connection losses of -2.5dB. Clearly, therefore, this
ring topology cannot cope with the 64 node terminations required. It would
be possible to increase the number of nodes such a ring would support up to
15, by using lasers instead of ELEDs, and by using receivers of
bettersensitivity. The disadvantage of such an arrangementwould 35 be its
high cost; and, even then, it could not provide the required 64 node
terminations. A further increase to 33 nodes would be possible if the 50/50
couplers were replaced by 90/10 couplers, and the network configured to
give minimum path loss between all the tributaries and the muldex, but this
would have the additional dis- advantage of dictating which node is a
transmitter and which is a receiver. Consequently, this arrangement could
not be used for duplex operation, and so is unlikely to meet all the future
needs of the in-station envir- 40  onment. Moreover, the required target of
64 node terminations would still not be met. If the 90/10 couplers were
used symmetrically, however, only 26 node terminations would be possible,
due to an 11dB loss which would occur at each coupler because both
transmission and receive nodes would be present. Another known type of
optical communications system is described in GB-A-2 199 209. The present
invention provides a passive optical communications network comprising a
plurality of optical 45    rings, each of which is coupled to at least one
other ring by a respective optical coupler, the rings being provided with a
plurality of input/output nodes constituted by optical couplers,
characterised in that the optical rings are meshed, and in that the nodes
are so positioned, and are of such a number, that the optical path length
through any given pair of nodes includes n couplers where n is less than
the number of nodes. Advantageously, each ring is coupled to at least two
other rings by means of respective optical couplers, 



50 and the rings are arranged in a generally rectangular (and preferably
square) configuration. The rings may be arranged in a 2 x 2 square
configuration, in which case the rings are provided with at least 4 nodes.
Preferably, however, the rings are arranged in a 3 x 3 square
configuration, in which case there are at least 7 nodes. When a mesh
network has more than 13 nodes, the 3 x 3 square configuration begins to
show advantages over the 2 x 2 square configuration. 55      Conveniently,
each of the optical couplers is a passive 50/50 optical coupler. One of the
nodes may be an output node, and each of the other nodes may be an input
node. Advantageously, a respective ELED or low-cost laser is associated
with each of the input nodes. The Invention will now be described in
greater detail, by way of example, with reference to the accompa- 2    EP 0
506 732 B1 nying drawings, in which:- Figure 1    Is a schematic
representation of a known in-station passive optical ring; Figure 2    Is a
schematic representation of a first form of in-station passive optical ring
mesh network ac- cording to the invention; 5   Figure 3    is a schematic
representation of a second form of in-station passive optical ring mesh
network according to the invention; Figure 4    is a schematic
representation of a practical realisation of the second form of in-station
passive optical ring mesh network according to the invention; Figure 5
is a schematic representation, on an enlarged scale, of part of the network
of Figure 4; and 10  Figure 6    is a schematic representation of a third
form of in-station passive optical ring mesh network ac- cording to the
invention. Referring to the drawings, Figure 2 shows a 2 x 2 optical ring
mesh network. This network has four rings, 11a, 11b, 11c and 11d, arranged
in a 2 x 2 square configuration. Each ring is coupled to the two adjacent
rings by respective passive 50/50 optical couplers 12. Each of the rings
11a to lid is provided with two passive 50/50 15  optical couplers 13, each
of which is associated with a respective 2Mb/s tributary card 14. The ring
lid is also provided with a passive 50/50 optical coupler 13, which is
associated with an 8 Mb/s muldex 15. Each coupler 13 has two arms, a
respective ELED (not shown) being connected to each of the arms associated
with a tribu- tary card 14 for launching optical power into the associated
ring 11a, 11b, 11cor 11d, and a receiver (not shown) being connected to the
arm associated with the muldex 15. The other arms (coupler tails) of the
couplers 13 20  are formed with terminated ends, that is to say they do not
reflect light significantly, so that cross-talk is mini- mised, thereby
ensuring correct receiver operation. By studying the possible propagation
paths through this mesh network, it can be seen that its end-to-end loss is
less than that of a conventional ring. This is because the maximum number
of passive optical couplers 12, 13 in any given optical path from a
tributary card 14 to the muldex 15 is less than (or equal to - for paths 25
having a small number of nodes) that of a conventional ring, so that (in
the case of long optical paths) there is a reduced end-to-end loss due to a
reduction in the loss through the couplers. Thus, in the embodiment of
Figure 2, the maximum number of couplers 12, 13 in any optical path is six,
whereas the maximum number of couplers in any optical path In a
conventional ring supporting eight tributarycards and a muldexwould be
nine. Consequently, a saving of 12dB In power loss is possible with the
optical ring mesh network of Figure 2 when 30  compared with a conventional
optical ring. Without selective positioning of the receive node (the muldex
15), a saving of only 8dB in power loss is possible. Obviously, the rings
11a, 11b, 11c and lid could be provided with additional couplers 13 for
additional tributary cards 14, in which case larger optical power savings
would be possible. Thus, for 16 nodes (with no selective positioning)
distributed over the four rings 11a to 11d, the maximum number of couplers
in any optical path would be ten (compared with a maximum of 16 for a
conven- 35  tional ring). 



It will be apparent that the optical ring mesh network described above
permits the use of larger number of nodes (couplers) for a given optical
power budget than is possible with the conventional ring structure. In
fact, by boosting the powerof the ELEDs used, It is possible to use the
mesh network of Figure2with a standard receiver of sensitivity -52dB,
provided the total loss at each coupler can be reduced to 3.5dB by
appropriate 40  choice of couplers and Interconnection techniques. In this
case, a total of 8 mesh networks of the type shown in Figure 2 would be
required to connect 64 2Mb/s tributary cards to a 140 Mb/s muldex. This Is
to be compared with the 32 conventional rings of the type shown in Figure 1
which would be needed. This could be reduced to 8 mesh networks by the use
of duplex operation over the network. Of course, by Increasing the size of
the mesh network, a reduction in the numberof networks needed would 45
result. For example, the use of mesh networks each having nine rings in a 3
x 3 configuration would entail the use of only eight networks to achieve
the desired result. A 3 x 3 configuration mesh network Is shown In Figure
3, this network having nine rings 21a to 211. Each of the rings 21a to 21i
is coupled to at least two other rings by respective passive optical
couplers 22. Each of the outer rings 21a to 21d and 21f 21i is provided
with two passive optical couplers 23, each of which is associated with a
respective 2Mb/s tributary card 24. The ring 50  21i is also provided with
a passive 50/50 optical coupler 23 which is associated with a 2 Mb/s
intermediate tributary card 25. Each coupler 23 has two arms, a respective
ELED (not shown) being connected to each of the arms associated with a
tributary card 24 for launching optical power into the associated ring, and
a receiver (not shown) being connected to the arm 23a associated with the
intermediate tributary card 25. The other arms (coupler tails) of the
couplers 23 are formed with terminated ends, thereby minimising cross-talk.
55      By studying the possible progagation paths through this mesh
network, it will be apparent that it is possible to go from any tributary
card 24 to the tributary card 25 without passing through a coupler 23 of
any of the rings 21a to 21i except the couplers 23 on the two rings
associated with those two tributary cards. Conse- quently, this network has
a reduced end-to-end loss compared to that of a conventional ring. Another
advan- 3    EP 0 506 732 B1 tage of this configuration is that a break in
any one of the rings will not prevent transmission of signals across the
network because the mesh network provides alternative routes between each
pair of nodes. The table below gives a breakdown for the end-to-end loss,
and the number of couplers required, for a 2 x 2 mesh ring (Figure 2) and a
3 x 3 mesh ring (Figure 3) compared with that of a conventional ring
(Figure 1). 5   In this table, no selective positioning of the receive node
is assumed, i.e. the loss given is the maximum for any node to any node on
the network. It is also assumed that 50/50 couplers having a 1dB excess and
splicing loss are used. 10 15 20 25 30 35 40 45 50 55 4    



EP 0 506 732 B1 5                                               POWER
POWER CONVENTIONAL           2 x 2          SAVING           3 x 3
SAVING RING             RING MESH          2 x 2           RING
3 x 3 10 No      Max          No      Max       dB            No      Max
dB Nodes  Loss dB       Nodes  Loss dB                  Nodes  Loss dB 15 1
4 2       8            4      16         - B           7      28
-20 20         3      12            4      16          - 4          7
28        -16 4      16            4      16           0           7
28         -12 5      20            5      20           0           7
28         - 8 6      24            6      24           0           7
28         - 4 25         7      28            6      24          + 4
7      28          0 B      32            6      24         + 8           7
28         + 4 9      36            7      28         + 8           8
32         + 4 10      40            8      32         + 8           9
36         + 4 11      44            8      32         +12           9
36         + 8 12.   48              8      32         +16           9
36         +12 13      52            9      36         +16           9
36         +16 14      56           10      40         +16           9
36         +20 15      60           10      40         +20           9
36         +24 16      64           10      40         +24           9
36         +28 17      68           11      44         +24          10
40         +28 40        18       72           12      48         +24
11      44         +28 19      76           12      48         +28
11      44         +32 20      80           12      48         +32
11      44         +36 21      84           13      52         +32
11      44         +40 45         22      88           14      56
+32          11      44         +44 23      92           14      56
+36          11      44         +48 24      96           14      56
+40          11      44         +52 50 55      Figures 4 and 5 show a
practical realisation of the network of Figure 3. Thus, the arrangement has
a central 3 x 3 mesh network M (see Figure 5) housed in a box, the network
being coupled to eight outer rings 31 (see Figure 4). Each of the rings 31
(one of which is shown in Figure 5) is coupled to a respective outer ring
of the network M by the output legs 32 of a respective passive 50/50
optical coupler (not shown) positioned within 5    EP 0 506 732 B1 the box,
and each ring 31 is provided with a node constituted by a passive 50/50
optical coupler 33. An addi- tional advantage of this arrangement is the
reduction in the possibility of cross talk due to multiple path prop-
agation. In general, therefore, where a network has 1 to 4 nodes, it is
preferable to use a conventional ring with 5   50/50 couplers; where a
network has 5 to 12 nodes, it is preferable to use a 2 x 2 square
configuration ring mesh network; and, where a network has 13 or more nodes,
it is preferable to use a 3 x 3 square configuration ring mesh network. 



It is possible to evaluate the loss for the optical path length through any
two nodes on a ring mesh network of this type. Unfortunately, the analysis
Is different for different (e.g. rectangular, square or triangular) config-
10  urations. The analysis for square configurations (which seem to be the
most useful) is as follows. For the pur- pose of the analysis, it is
assumed that all nodes are coupled only to the outer rings of the network,
and that all point-to-point (primary) propagation paths are via internal
rings, that is to say a primary path is defined as a path which gives
minimum loss without transmission through an Intermediate outside ring. As
a 2 x 2 ring mesh network has no Internal communicating ring, this analysis
does not apply to this network. Given these 15  conditions are maintained,
then the maximum optical loss (L) through any two nodes is given by: - L =
(err) x coupler loss where NT = number of nodes on transmitting ring; NR =
number of nodes on receiving ring; and X = number of couplers in primary
propagation path. 20      X is dependent upon the order of the ring mesh
network (3 x 3, 4 x 4, 5 x 5 ...... Ax A), and is given by:- X=(A+A-1)
where A= ring size factor, i.e. 3, 4, 5...... e.g. if A = 7, the ring mesh
is 7 x 7 and X = 13 Thus for the 3 x 3 ring mesh network of Figure 3, the
maximum optical loss L = (2 + 3 + 5)x couplerloss 25
=  0 x coupler loss and the coupler loss = 3dB (for a 50/50 coupler) +
excess loss + splice loss = 4dB typically Therefore, L [err] 40dB so
This loss of 40dB (which is a worst loss case) should be compared with the
maximum loss of 68dB which would result from using a conventional ring
having seventeen nodes. Figure 6 shows a further ring mesh configuration (a
star configuration), In which five outer rings 41a to 41e are each coupled
to a single central ring 41f by means of a respective passive 50/50 optical
coupler 42. Each outer ring 41a to 41e has three nodes, each of which is
constituted by a passive 50/50 optical coupler 35  43. One of the couplers
43 is associated with an optical receiver (not shown), the others being
associated with ELEDs (not shown). This configuration is, therefore a 15
node ring mesh network. By studying the propagation paths through this
network it will be apparent that the maximum number of couplers 42,43 in
any node-to-node path Is 3 (the number of couplers 43 In the transmitting
ring) + 3 (the num- ber of couplers 43 In the receiving ring) + 5 (the
maximum number of couplers 42 in the central ring 41f). This 40  number of
couplers (11) is less than the maximum number (15) for a conventional ring
having 15 nodes, so again this mesh network has a smaller maximum optical
loss than a conventional ring. An additional advantage of the star
configuration is the ease with which outer rings can be added to (or
withdrawn from) the configur- ation, thereby enhancing the flexibility of
the arrangement. It will be apparent thatthe invention would be modified in
many ways. In particular, there are many different 45  forms of ring mesh
network which would be used to give a reduced maximum optical path loss as
compared with conventional optical rings. For example, networks having
rings arranged In triangular or rectangular con- figurations are possible.
Moreover, ring mesh networks of the type described above will have many
other uses than that mentioned above. For example, such networks could be
used In LANs, WANs, and MANs. 50 Claims 1. A passive optical communications
network comprising a plurality of optical rings (11, 21, 31 or 41), each of
which is coupled to at least one other ring by a respective optical coupler
(12, 22, 32 or 42), the rings 55      being provided with a plurality of
input/output nodes (13, 23, 33 or 43) constituted by optical couplers,
characterised in that the optical rings are meshed, and in that the nodes
are so positioned, and are of such a number, that the optical path length
through any given pair of nodes includes n couplers where n Is less than
the number of nodes. 



6    EP 0 506 732 B1 the box, and each ring 31 is provided with a node
constituted by a passive 50/50 optical coupler 33. An addi- tional
advantage of this arrangement is the reduction in the possibility of cross
talk due to multiple path prop- agation. In general, therefore, where a
network has 1 to 4 nodes, It is preferable to use a conventional ring with
5   50/50 couplers; where a network has 5 to 12 nodes, it is preferable to
use a 2 x 2 square configuration ring mesh network; and, where a network
has 13 or more nodes, it is preferable to use a 3 x 3 square configuration
ring mesh network. It is possible to evaluate the loss for the optical path
length through any two nodes on a ring mesh network of this type.
Unfortunately, the analysis Is different for different (e.g. rectangular,
square or triangular) config- 10    urations. The analysis for square
configurations (which seem to be the most useful) Is as follows. For the
pur- pose of the analysis, it is assumed that all nodes are coupled only to
the outer rings of the network, and that all point-to-point (primary)
propagation paths are via internal rings, that is to say a primary path is
defined as a path which gives minimum loss without transmission through an
Intermediate outside ring. As a 2 x 2 ring mesh network has no Internal
communicating ring, this analysis does not apply to this network. Given
these 15 conditions are maintained, then the maximum optical loss (L)
through any two nodes is given by: - L = (err) x coupler loss where NT =
number of nodes on transmitting ring; NR = number of nodes on receiving
ring; and X = number of couplers in primary propagation path. 20      X is
dependent upon the order of the ring mesh network (3 x 3 4 x 4, 5 x 5 .....
A x A), and is given by:- X=(A+A- 1) where A = ring size factor, i.e. 3, 4,
5...... e.g. if A = 7, the ring mesh is 7 x 7 and X = 13 Thus for the 3 x 3
ring mesh network of Figure 3, the maximum optical loss L = (2 + 3 +
5)xcouplerloss 25                                       = 10 x coupler loss
and the coupler loss = 3dB (for a 50/50 coupler) + excess loss + splice
loss = 4dB typically Therefore, L [err] 40dB 30      This loss of 40dB
(which is a worst loss case) should be compared with the maximum loss of
68dB which would result from using a conventional ring having seventeen
nodes. Figure 6 shows a further ring mesh configuration (a star
configuration), in which five outer rings 41a to 41 e are each coupled to a
single central ring 41f by means of a respective passive 50/50 optical
coupler 42. Each outer ring 41 a to 41e has three nodes, each of which is
constituted by a passive 50/50 optical coupler 35 43. One of the couplers
43 is associated with an optical receiver (not shown), the others being
associated with ELEDs (not shown). This configuration Is, therefore a 15
node ring mesh network. By studying the propagation paths through this
network it will be apparent that the maximum number of couplers 42,43 in
any node-to-node path is 3 (the number of couplers 43 in the transmitting
ring) + 3 (the num- ber of couplers 43 in the receiving ring) + 5 (the
maximum number of couplers 42 in the central ring 41f). This 40 number of
couplers (11) is less than the maximum number (15) for a conventional ring
having 15 nodes, so again this mesh network has a smaller maximum optical
loss than a conventional ring. An additional advantage of the star
configuration is the ease with which outer rings can be added to (or
withdrawn from) the configur- ation, thereby enhancing the flexibility of
the arrangement. Itwill be apparentthatthe invention would be modified In
many ways. In particular, there are many different 



45 forms of ring mesh network which would be used to give a reduced maximum
optical path loss as compared with conventional optical rings. For example,
networks having rings arranged in triangular or rectangular con-
figurations are possible. Moreover, ring mesh networks of the type
described above will have many other uses than that mentioned above. For
example, such networks could be used in LANs, WANs, and MANs. 50 Claims 1.
A passive optical communications network comprising a plurality of optical
rings (11, 21, 31 or 41), each of which is coupled to at least one other
ring by a respective optical coupler (12, 22, 32 or 42), the rings 55
being provided with a plurality of input/output nodes (13, 23, 33 or 43)
constituted by optical couplers, characterised in that the optical rings
are meshed, and in that the nodes are so positioned, and are of such a
number, that the optical path length through any given pair of nodes
includes n couplers where n is less than the number of nodes.    EP 0 506
732 B1 2. A network as claimed in claim 1, wherein each ring (11 or 21) is
coupled to at least two other rings by means of respective optical couplers
(12 or 22). 3. A network as claimed in claim 2, wherein the rings are
arranged in a generally rectangular configuration. 5 4. A network as
claimed in claim 3, wherein the rings are arranged in a generally square
configuration. 5. A network as claimed in claim 4, wherein the rings are
arranged in a 2 x 2 square configuration. 10  6. A network as claimed in
claim 5, wherein the rings are provided with at least 4 nodes. 7. A network
as claimed in claim 4, wherein the rings are arranged In a 3 x 3 square
configuration. 8. A network as claimed in claim 7, wherein the rings are
provided with at least 7 nodes. 15 9. A network as claimed in any one of
claims 1 to 8, wherein each of the optical couplers Is a passive 50/50
optical coupler. 10. A network as claimed in any one of claims 1 to 9,
wherein one of the nodes is an output node and each 20      of the other
nodes is an input node. 11. A network as claimed in claim 10, wherein a
respective ELED is associated with each of the input nodes. 25
PatentansprOche 1. Passives optisches Verbindungsnetzwerkmitmehreren
optischen Ringen (11,21,31 oder 41), von denen jeder mit zumindest elnem
anderen Ring Ober elnen jewelligen optischen Koppler (12, 22, 32 oder 42)
verbunden ist, wobei die Ringe mit mehreren Elngangs-/Ausgangsknoten
(13,23, 33 oder 43) verbunden 30      sind, die durch optische Koppler
gebildet werden, dadurch gekennzelochnet, dam die optischen Ringe vermascht
sind und daB die Knoten so positioniert sind und eine soiche Anzahl haben,
daB die Lange des optiachen Wegs durch zwei beliebige Knoten n Koppler
aufweist, wobel n Wielner als die Anzahl der Knoten ist. 35 2.  Netzwerk
nach Anspruch 1, bel dem jeder Ring (11 oder 21) mit zumlndest zwel anderen
Ringen mittels jeweiliger optischer Koppler (12 oder 22) verbunden !st. 3.
Netzwerk nach Anspruch 2, bei dem die Ringe in elner aligemein rechteckigen
Konfiguration angeordnet i   40       sind. 4.  Netzwerk nach Anspruch 3,
in dam die Ringe in eaner allgemein quadratischen Konfiguration angeordnet
sind. 45  5.  Netzwerk nach Anspruch 4, bel dem die Ringe In
einerquadratischen 2x2-Konfiguration angeordnet sind. 6. Netzwerk nach
Anspruch 5, in dem die Ringe mit zumindest vier Knoten versehen sind. 



J. Netzwerk nach Anspruch 4, In dam die Ringe In alner quadratischen
3x3-Konfiguration angeordnet sind. 50 8.  Netzwerk nach Anspruch 7, in dam
dbI Ringe mit zumindest sieben Knoten versehen sind. 0.  Netzwerk nach
einem der Ansprfiche I bis 8, in dam jeder optische Koppler ain passiver
optischer 50/50- Koppler Ist. 56 10. Netzwerk nach einem der Ansprulche I
bls 9, in dam  iner der Knoten ain Ausgangsknoten und jeder der anderen
Knoten an Eingangsknoten Ist. 7 *   C   L  M   S  *    EP 0 506 732 B1 11.
Netzwerk nach Anspruch 10, In dem Jedem Eingangsknotn el.neELED zugeordnet
ist. Rovendicatlons 5 1.  R6seau de communication optique passif
compronant-une pluralited'anneauxoptiques (11,21,31 ou 41), dont chacun est
couple A au mons un autre anneau par un coupleur optique respectif
(12,22,32 ou 42), les anneaux itant6qulp~sd'uno plurallte de noeuds
d'entr6e/sortio(13,23, 33 ou 43) constitu6s pardes couplours optiques,
caracterise en ce quo les anneaux optiques sont maill6s et en co quo lea
noeuds sont 10      positionnds do tells facon et en nombre tol quo la
longueur du trajet optique A travers une pair. donn6e de noeuds comprenne n
coupleurs, oO n eat inferieur au nombre de noeuds. 2.  R6seau solon la
revendication 1, dans lequel chaque anneau (11 ou 21) est coupl6 a au moins
deux autres anneaux au moyen de coupleurs optiques respectifs (12 ou 22).
15 3. R6seau selon la revendication 2, dans lequel lea anneaux sont
arrang6s en une configuration sensible- ment rectangulaire. 4.  R6seau
selon la revendlcation 3, dans lequel des anneaux sont arranges en une
configuration sensible- 20      ment carree. 5.  Roseau selon la
revendication 4, dans loquol les anneaux sont arranges en une configuration
carres 2 x 2. 26  6.  Reseau solon la revendicatlon 5, dana lequel les
anneaux sont equlpes d'au molns quatre noeuds. 7.  R6seau solon la
revendlcation 4, dana lequel lea anneaux sont arranges on une configuration
carree 3 x 3. 30  8.  Reseau selon la revendication 7, dana lequel lea
anneaux sont equipes d'au moins 7 noeuds. 9.  R6seau selon une quelconque
des revendications I A 8, dens lequel chacun des coupleurs optiques eat un
coupleur optique passif 50/50. 35  10. R6esau selon une quelconque des
revendicatlons 1 A 9, dans loquel l'un des noeuds eat un nosud de sortie et
chacun des autres noeuds eat un nosud d'entree. 11. R6seau solon la
revendication 10, dana loquel une ELED respective eat assoclee A chacun des
nosuds d'entree. rI  40 46 50 55    


