
1             EP 0 349 597 B1                    2 Description
decreases the signal to noise ratio and increases the attenuation, such
crossovers would severely The invention relates to electro optical switch
limit the devices usefulness. Thus, problems exist [err]   and, more
particularly, to practical    in fabricating networks of optical switch
elements architectures for the fabrication of switch structures   5   such
that the resulting network has good signal having multiple input ports and
multiple output    transmission characteristics. ports. Summary of the
Invention Background of the Invention to      The foregoing problems ate
solved and a tech- Optical switching offers many significant ad-   nical
advance is achieved in accordance with the vantages over known electronic
switching tech-     principles of my  invention  in which  optical niques.
Among these advantages are the greatly     waveguide crossovers are
diffused in the regions increased bandwidth and rapid switch reconfigura-
between stages of optical switch elements to limit tion rates. Also, with
the increased use of photonics  15  the number of optical crossovers. An
optical as a transmission method, the elimination of       switching
network comprising a input stage of op- optical/electronic conversion when
a switch is en-  tical switch elements fabricated on a substrate,
countered, is a desirable result. One known optical  each switch element of
the input stage comprising switch architecture is constructed of a
plurality of 1  one input and two output ports, an output stage of N active
signal splitters interconnected with a   20  switch elements fabricated on
the substrate, each plurality of N to 1 active signal combiners (see
switch element of the output stage comprising two "Optical Switching System
Experiment", H Ogiwara   input ports and one output port, at least two
addi- et. al.. IEEE Transactions on Communications,      tional stages
fabricated on the substrate between Volume COM-27, No. 2, February 1979,
IEEE.         the input stage and the output stage, an intercon- (US).
pages 517-521 and "Architectures for Large   25  nection region between
adjacent ones of the Nonblocking  Optical Space Switches", R. A.
switching stages ad a pattern of optical waveguides Spanke, IEEE Journal of
Quantum Electronics,       diffused in the regions for connecting the input
Volume QE-22, No. 6, June 1986, IEEE, (New York,   ports and output ports
of switch elements of adja- US), pages 964-967). Electrical signals are
used to  cent ones of the stages, where the pattern of control to which
output of a signal splitter an optical  30  optical waveguides includes
optical waveguide input signal is sent and, similarly, electrical signals
crossovers diffused in the substrate in the regions control which optical
input of a signal combiner is  adjacent to the input and output stages. By
inten- connected to the one output. With this known ar-   tionally placing
the optical waveguide crossovers chitecture, an N-by-N switch array
comprises N     away from the center of the switch, a reduction In signal
splitters (one for each input) and N signal  35  the total number of
crossovers is achieved, thereby combiners (one for each output). The
splitters and  improving the signal transmission characteristics of
combiners are then interconnected so that each     the optical switch
network output of each splitter is connected as an input to ch of the
combiners. This switch architecture    Brief Description of the Drawing
exhibits acceptable signal to noise and attenuation   40 characteristics.
However, NxN connections must         A more complete understanding of the
present be made between the splitters and combiners.       invention may be
obtained from consideration of When the switch has a large number of inputs
and   the following description when read in conjunction outputs, the
number of connections may become      with the drawing in which: unwieldy.
For example, to construct a 32-by-32   45   FIG. 1 is a diagram of a 2 by 2
optical switch network, 1.034 splitter/combiner connections must
element: be made. If optical fibers are used as the intercon-  FIG: 2 is a
diagram of a 1 by 8 switch network: nection media, the physical size of the
number        FIG. 3 is a diagram of an 8 by 1 switch network:
interconnection paths reduces the desirability of     FIGs 4,5 and 6 show
structures for achieving 4 the arrangement. Additionally, the connection of
so  by 8 optical switch networks; and optical fibers to the splitters ad
combiners adds     FIG. 7 shows a structure for a 3 by 7 optical signal
attenuation. The physical size of the inter-  switch network connection may
be reduced by placing all splitters and combiners on a single substrate and
by         Detailed Description labricating crossing light guides between
the split-  55 ters and combiners in the substrate. This would        FIG.
1 is a diagram of a known electro optical require 246,016 crossovers
(crossthroughs) of light  switch device which can be used in the embodi-
guides for a 32-by-32 switch. Since each crossover  ment of the present
invention. Device 10 comprises 2   



3                 EP 0 349 597 B1                     4 a lithium niobate
substrate 11 into which two op-  ments 36 and 37 by optical waveguides 42
and 43, tical strip titanium waveguides 12 and 13 have     and the two
outputs of optical switch element 35 been diffused. Waveguides 12 and 13
have a sec-   are connected as inputs to the 1-by-2 optical [err] in which
they are parallel and close enough to  switch elements 38 and 39 by
waveguides 44 and one another to allow evanescent field coupling to   5
45. Eight optical output ports are created by con- take place. Electrodes
14 through 17 are disposed  necting the output ports of 1-by-2 switches 36
over the waveguides in the section where they are  through 39 to the edge
of the substrate with optical parallel. Switch signal source 18 is
connected to  waveguides. FIG. 2 also includes a switch signal apply
voltage between electrodes 14 and 15 and a   source 31 which provides
electrical signals to con- switch signal source 19 is connected to apply
10  trol optical switch 30. Switch signal source 31 is voltage between
electrodes 16 and 17. Waveguide    connected (not shown) to the switch
elements 33 12 is optically connected to an optical signal     through 39
in a manner similar to the electrical source 20, and  an optical receiver
21  and        connections shown in FIG. 1. By properly sup- waveguide 13
is connected to an optical source 22  plying electrical signals to the
1-by-2 switches 33 and an optical receiver 23. Sources 20, 22 can be,  is
through 39, light entering the input wavegulde 32 for example, lasers. As
is well known in the art,  can be switched to any of the eight output
ports. optical signals from either of the light sources 20 or  FIG. 3 is a
diagram of an 8-by-1 switch device 22 can be switched to either of the
receivers 21 or  constructed  from  2-by-1 switch  elements 50 23 by
appropriately controlling the voltages applied  through 56. The structure
is not described in detail between electrodes 14 and 15 and electrodes 16
20  since it is merely the mirror image of the connec- and 17. Such a
device and its control is described  tions of FIG. 2 and is controlled by
switch signal in detail in Kogelnik et al. U.S. Patent 4,012,113.  source
66 to switch optical signals at any of its The device of FIG. 1 is referred
to as a 2-by-2    eight input ports 57 through 64 to its single output
switch since it comprises two input ports and two  port 65. output ports.
This 2-by-2 switch can be made into  25  FIG. 4 represents a 4-by-8 optical
switch. This a switch having one input and two outputs (1-by-2)  switch
comprises four 1-by-8 electrically controlled by simply not connecting
source 22 or by terminat-  optical splitters 70 of the type discussed with
re- ing waveguide 13 at the line denoted 24. Similarly,  gard to FIG. 2 and
eight 4-by-1 electrically con- terminating waveguide 12 at the line denoted
25    trolled optical combiners 71. Neither the source of would result in a
switch having two inputs and one   30  electrical control signals nor their
connections to output (2-by-1). In the course of the present discus-  the
individual switch elements is shown for ease of sion, reference is made to
input ports and output  understanding. The optical splitters 70 and combin-
ports of both individual switch elements and optical  ers 71 are connected
by plurality of optical connec- switch networks. This is done merely to
differen-  tions, e.g. 73 in an interconnection region 72. As tiate one
side of a switch structure from the other.  35  can be seen in FIG. 4,
region 72 includes a large Either side of the switch structures described
can  number of connections, and due to the pattern of comprise input ports
or output ports depending on  interconnection the use of optical fibers in
region which side optical transmitters are connected and  72 would result
in a large connecting bundle. Tech- which side optical receivers are
connected. The    niques for fabricating diffused waveguide optical above
is described to ease the understanding of  40  crossovers (crossthroughs)
in a substrate are the present invention which can be constructed     known
in the art and are described, for example, in from such devices. The
particular device actually  "Coupling  of Intersecting  [err]  Diffused
used to control the optical switching is not impor-  Waveguides", E. E.
Bergmann, L.McCaughan and tant to the present invention.
J. E. Watson, Applied Optics, Vol. 23, No. 17, FIG. 2 represents a 1-by 8
optical switch com-   45   September 1, 1984. In order to avoid losses in
prising a plurality of 1-by-2 optical switch elements  connections between
the optical splitters/combiners 33 through 39. Each of the switch elements,
33     and optical fibers and to reduce the large size of through 39
comprises one of the switch elements    the bundle of fibers, it has been
proposed to fab- 10 connected to operate as an 1-by-2 switch. FIG.  ricate
the entire 4-by-8 switch network on a single 2 includes a substrate 30 into
which an input  50  substrate, using diffused waveguides including
waveguide 32 has been diffused. Input waveguide    waveguide crossovers as
the interconnections, e.g. 32 is connected as an input to 1-by-2 optical
switch  73 in region 72. Using diffused waveguide cros- element 33. The two
outputs of optical switch ele-  sovers in region 72 results in 168 total
optical ment 33 are separately connected to the input      crossovers.
Further, the path having the most cros- ports of 1 -by-2 switch elements 34
and 35 by   55  sovers (the worst case path) includes 21 such diffused
optical waveguides 40 and 41, respec-     crossovers. The signal
transmission characteristics tively. The two outputs of 1-by-2 switch
element 34  of such a device would be limited due to the are connected to
the input of optical switch ele-  decrease in signal to noise ratio and
added attenu- 3  



5                 EP 0 349 597 B1                    6 ation of the large
number of waveguide crossovers  the output stage includes eight 2-by-1
switches 94 in region 72.                                      through 101.
Preceding from the input(output) to- FIG. 5 is a diagram of a 4-by-8
optical switch  ward the center region 82, each stage has two [err]  the
present invention. This 4-by-8 op-    times the number of switch elements
as the pre- tical switch is fabricated on a single substrate and   5
ceding stage. Accordingly, second stage 85 in- employs diffused optical
waveguide crossovers in   cludes Nx2=8 1-by-2 switches 102 through 109
three regions 75, 76, and 77. As a result, the total  and the third stage
86 includes 16 1-by-2 switches, number of crossovers is reduced from 168 to
48     e.g. 112 and 113. Similarly, the first stage 87 and the number of
crossovers in the worst case     toward the center from output stage 88
includes path is reduced from 21 to 11. This results in  10  2xM =16 switch
elements. Once the number of substantial improvements in signal
transmission    stages and the number of switching elements per
characteristics and reduces the complexity of the  stage has been
calculated, the pattern of connec- pattern of interconnections in region
72.          tions between these stages must be determined. FIG. 6
represents another 4-by-8 switch net-       In order to lay out the proper
pattern of con- work embodying the present invention. The switch  15
nections, the elements of each stage are divided of FIG. 6 also is
fabricated using a single substrate  into one or more groups depending on
the distance including optical crosssovers in four regions 80   of that
stage from the "center" region, e.g. 82. through 83. With the arrangement
of FIG. 6, the     Each group is then connected to an adjacent asso- total
number of crossovers is reduced from 168 to  ciated group which is closer
to the center region. and the number of crossovers in the worst case   20
Within each pair of associated groups to be con- path is reduced from 21 to
8 over the arrangement  nected, the switch elements of the outermost group
of FIG. 4. This arrangement offers significant trans-  are connected to the
associated group such that mission improvements over the arrangements in
each outer switch element is connected to the both FIG. 4 and 5.
switch element having the same rank within the The pattern of connections
between switching   25  associated group and to the switch element which
elements is carefully selected to limit the number  is one-half of the
number of elements in the asso- of optical crossovers and retain the
nonblocking   ciated group from the first connection. The group
characteristics in an optical switch network con-  size for a given
connection between stages is structed in accordance with the present
invention. The following discussion relates generally to an N-   30
[err] by-M optical switch and includes specific examples relating to the
embodiment of FIG. 6 where N = 4 and M = 8. Throughout the present
discussion and the attached claims, all the logarithms are loga-  times the
number of switch elements in each stage rithms to the base 2. Initially,
the number of switch-  35  where i is the number of prior regions for which
ing stages in an N-by-M network must be deter-     patterns of
interconnection have been determined. mined. The total number of stages is
log N plus log  Patterns are first determined for the switch stage M. Thus,
the total number of stages for a 4-by-8   which is the farthest from the
center region, since switch is log 4 plus log 8 = 2 + 3 = 5. The switch
this is the first region for which a connection pat- network is considered
to have an input side and   40  tern is to be determined, no prior region
has had a output side which are separated by region 82 be-   pattern
determined and i = 0. Thus, the group size tween two stages having the same
number            for the first region is NxM
[err] 45 2 of switch elements. This region 82 is referred to as  of the
switch elements in the stage. which is the the center region although it
may not actually be in  entire stage. Accordingly, in FIG. 6, the first
switch the physical center of the network. It should be   50  element 93 of
stage 84 (the outermost stage) is remembered that the terms input and
output are     connected to the first (the same rank) switch ele- used
herein only to distinguish the two sides of the  ment 109 of stage 85.
Switch element 93 is also network. As noted earlier, either side of the
network  connected to switch element 105 which is one-half can be an
optical input or an optical output. The  of the number of elements in stage
85 (the group) input stage 84 includes N 1-by-2 optical switch   55
farther into the stage than switch element 109. elements and the output
stage 88 includes M 2-by-  Similarly, the second switch element 92 in stage
84 1 optical switch elements. In FIG. 6 the input stage  is connected to
the second switch element 108 of includes four 1-by-2 switches 90 through
93 and    stage 85 and to the sixth switch element 104. This 4   



7                 EP 0 349 597 B1                   8 pattern of connection
continues until all outputs of  cent stages on either side of the center
region 82, stage 84 are connected as inputs to switch ele-   the program of
alternating sides and connecting ments in stage 85.
continues with each connection occurring between The next stage to have
connection patterns      groups which are determined for it is the stage
which is the farthest    5 from the center region 82 of the network for
which                     [err] no pattern of connections has been
determined. In the present example. both input side stage 85 and output
side stage 88 are the same distance from region 82. Either side could be
selected for deter-  10  of the number of elements in the stage. When the
mination of connections. However, interconnection  input side of the
network is to be connected to the pattern complexity is more uniformly
distributed  output side, e.g., center region 82, there will always when
alternate sides of the switch network are    be two equal stages, e.g., 86
and 87 of 1 -by-2 connected. Accordingly, a pattern of connection is
switch elements on the input side and 2-by-1 next determined for region 83.
Since one prior  15  switch elements on the output side. Also, the group
region (80) has had a pattern of connections deter-  size will always have
the dimension of two. Each mined for it, i = 1. now and the group size for
this  switch element, e.g., 112 in a given group on each region is
side of region 82 is connected to both switch elements 110 and 114 of the
group on the other [err]                          20  side. This completes
the determination of the pat- tern of connections between the stages of
switch elements. After the pattern is determined, a device can be
fabricated by appropriately placing the op- of the number of switch
elements of the stages on  tical switch elements required and by diffusing
either side of the region. Accordingly, a first group   25  waveguides to
give the appropriate connection pat- of four output switch elements 98
through 101 is to  tern  between  the  switch  elements, which be connected
to a group of eight switch elements  waveguides will include optical
crossovers. in stage 87 and a second group of four switch        The
preceding description relied on both the elements 94 through 97 is to be
connected to the  number of input ports and output ports being pow- eight
remaining switch elements in stage 87. The   30  ers of 2. The present
invention can also be used in pattern of connections is the same as before,
within  the fabrication of switch networks in which the the groups. That
is. each switch element, e.g. 101  number of input ports and output ports
are not in stage 88 is connected to a switch element 110  powers of 2. The
following is a description of the of the same rank in stage 87, and element
111     construction of a 3 by 7 switching network in accor- which is four
(one-half of the number of elements  35  dance with the principles of the
present invention. in the group) farther down the stage.             When
the number of input ports and/or output ports After connections have been
determined for     is not equal to a power of 2, the number is raised
region 83, region 81 is the farthest region from  to the next higher power
of 2. In the present region 82 for which no connections have been
example a 3 by 7 network becomes a 4 by 8 determined. For this region, the
group size is one-  40  network for this step of fabrication. Next, the ar-
fourth of the switch elements in stages 85 and 86  rangement of switch
elements and their intercon- since two prior regions have had connection
pat-  nection pattern is determined as described above terns determined
when both N + M were powers of two. This results in a network as shown and
described, with regard [err]                          45  to FIG. 6. After
the pattern has been determined, input and output switch elements are
selectively removed down to the number actually needed. It should be noted
that the switch elements to be Thus, a group consists of 2 switch elements
in    removed are the ones interconnected using the stage 85 and 4 switch
elements in stage 86. Simi-  50  largest number of optical crossovers. With
a net- lar to before, each switch element of stage 85, e.g.  work laid out
as above described, the switch ele- 109 is connected to a switch element
112 of stage  ments farthest from the middle of the input and 86 having the
same rank within the group and to a  output stages should be removed. When
an input switch element 113 of the group which is one-half  switch element,
e.g. 90 is removed, all switch ele- the number of switch elements in the
group farther  55  ments feeding from that switch element 90 and into the
group. When further equal sized stages   their interconnecting waveguides
are removed from that are the same distance from the center region  the
pattern. In the present embodiment, this results 82 are encountered, but
not including the two adja-  in the removal of switch elements 90, 102, 106
and 5  



9                 EP 0 349 597 B1                    10 the four switch
elements of stage 86 fed by them.      said output stage; When an output
switch element, e.g. 101 is re-            in that said pattern of optical
waveguides moved, all the switch elements that feed into that    is
diffused on said substrate in said intercon- [err] switch element and all
of the associated         nection regions, and in that said waveguide
waveguides should be removed from the pattern. In   5  crossovers include
crossovers diffused in said the present example, this results in the
removal of    substrate in the regions (80,83) adjacent to switch elements
101,  110 and 111 and their inter-     said input and output stages.
connection waveguides. When these switch ele- ments have been removed,
certain switch ele-       2. An optical switching network having N input
ments, e.g. 112 have only one input and one out-  10   ports and M output
ports CHARACTERISED IN put. Advantageously, these switch elements, e.g.
THAT M and N are non-zero powers of 2, in 112 can be replaced with a
optical waveguide           that said ports are mounted on a substrate and
connecting the single input and the single output.    in that the network
comprises: After the removal of switch elements and connec-          a
number of switch stages (84-88) equal to tion paths, the pattern of FIG. 7
remains. A network   15  1092 M plus 1092 N where each stage is as- having
the pattern of FIG. 7 can then be fabricated    signed a number from 1 to
[err] M plus [err] N to provide a 3 by 7 switch network.
in sequence from the input ports to the output In the preceding discussion,
the switching net-    ports; works were described as being laid out on a
single        where the stage (86) numbered 1092 M [err]. It would be
possible to fabricate switch-  20  comprises ing networks on multiple
substrates and still gain the advantages of applicant's invention by
fabricat-                  [err] ing crossing optical waveguides in the
early stages of a switching network and thereby reducing the total number
of path crossovers in the entire net-  25 work. Also, the above description
relates to optical   optical 1 by 2 switch elements (112) and each switch
elements which are actively controllable us-    stage between the stage
1092 M and the input ing electrical signals. The present invention, how-
ports comprises one-half of the number of 1 by ever, is not limited to such
active type switch        2 optical switch elements in the next nearer
elements. For example, some of the switch ele-  30     stage to the stage
1092 M and where the stage ments in the prior example could be replaced
with      (87) numbered (1092 M) + 1 comprises passive signal splitters or
combiners without de- parting from the scope of the invention,
[err] Claims                                        35 1. An optical
switching network comprising:            optical 2 by 1 switch elements
(110) and each switching stages including:                     stage
between stage ([err] M)+1 and the out- an input stage (84) of optical
switching        put ports comprises one-half of the number of elements
(90-93), each switching element of  40    2 by 1 optical switch elements in
the next said input stage comprising one input port and     nearer stage to
the stage (1092 M) + 1; two output ports and
interconnection means (82) for intercon- an output stage (88) of optical
switch ele-     necting the M x N outputs of stage [err] M to ments
(94-101) each switch element of said        the Mx N inputs of stage ([err]
M) +1; output stage comprising two input ports and   45      input
interconnection means (80,81) for one output port;
connecting the outputs and inputs of adjacent interconnection regions
(80-83) between         stages of the stages numbered 1 through [err]
adjacent ones of said switching stages;            M; and a pattern of
optical waveguides for            output interconnection means (83) for
con- connecting the input ports and the output ports  so  necting the
outputs and inputs of adjacent of the switch elements of adjacent ones of
said    stages of the stages numbered (1092 M)+1 stages,  said  pattern
including  optical         through 1092 M plus 1092 N; waveguide crossovers
CHARACTERISED IN                  wherein the connections between at least
THAT                                               one of the stages
connected by said input and said switching stages are mounted on a   55
said output interconnection means (83) com- substrate and include at least
two additional      prise optical crossovers of optical waveguides stages
(85-87) of switch elements mounted on       diffused in said substrate.
said substrate between said input stage and 6   



9                 EP 0 349 597 B1                    10 the four switch
elements of stage 86 fed by them.      said output stage; When an output
switch element e.g. 101 is re-             in that said pattern of optical
waveguides moved, all the switch elements that feed into that     is
diffused on said substrate in said intercon- ou  . switch element and all
of the associated         nection regions, and in that said waveguide
waveguides should be removed from the pattern. In   s  crossovers include
crossovers diffused in said the present example, this results in the
removal of    substrate in the regions (80,83) adjacent to switch elements
101, 110 and 111 and their inter-      said input and output stages.
connection waveguides. When these switch ele- ments have been removed,
certain switch ele-       2. An optical switching network having N input
ments, e.g. 112 have only one input and one out-  10   ports and M output
ports CHARACTERISED IN put. Advantageously, these switch elements, e.g.
THAT M and N are non-zero powers of 2, in 1 12 can be replaced with a
optical waveguide          that said ports are mounted on a substrate and
connecting the single input and the single output.     in that the network
comprises: After the removal of switch elements and connec-           a
number of switch stages (84-88) equal to tion paths, the pattern of FIG. 7
remains. A network  15  [err] M plus [err] N where each stage is as- having
the pattern of FIG. 7 can then be fabricated    signed a number from 1 to
[err] M plus [err] N to provide a 3 by 7 switch network.
in sequence from the input ports to the output In the preceding discussion,
the switching net-     ports; works were described as being laid out on a
single        where the stage (86) numbered [err] M [err]. It would be
possible to fabricate switch-  20  comprises ing networks on multiple
substrates and still gain the advantages of applicant's invention by
fabricat- ing crossing optical waveguides in the early stages
2 of a switching network and thereby reducing the total number of path
crossovers in the entire net-  25 work. Also, the above description relates
to optical  optical 1 by 2 switch elements (112) and each switch elements
which are actively controllable us-    stage between the stage 1092 M and
the input ing electrical signals. The present invention, how-    ports
comprises one-half of the number of 1 by ever, is not limited to such
active type switch         2 optical switch elements in the next nearer
elements. For example, some of the switch ele-  30     stage to the stage
1092 M and where the stage ments in the prior example could be replaced
with      (87) numbered ([err] M) +1 comprises passive signal splitters or
combiners without de- parting from the scope of the invention,
[err] Claims 1. An optical switching network comprising:            optical
2 by 1 switch elements (110) and each switching stages including:
stage between stage ([err] M)+ 1 and the out- an input stage (84) of
optical switching        put ports comprises one-half of the number of
elements (90-93). each switching element of  40     2 by 1 optical switch
elements in the next said input stage comprising one input port and
nearer stage to the stage (1092 M) + 1; two output ports and
interconnection means (82) for intercon- an output stage (88) of optical
switch ele-     necting the M x N outputs of stage [err] M to ments
(94-101) each switch element of said         the Mx N inputs of stage
([err] M) +1; output stage comprising two input ports and   45       input
interconnection means (80,81) for one output port;
connecting the outputs and inputs of adjacent interconnection regions
(80-83) between         stages of the stages numbered 1 through 1092
adjacent ones of said switching stages;             M; and a pattern of
optical waveguides for             output interconnection means (83) for
con- connecting the input ports and the output ports  so  necting the
outputs and inputs of adjacent of the switch elements of adjacent ones of
said     stages of the stages numbered (1092 M)+1 stages.  said  pattern
including   optical         through 1092 M plus [err] N; waveguide
crossovers CHARACTERISED IN                  wherein the connections
between at least THAT                                                one of
the stages connected by said input and said switching stages are mounted on
a   55     said output interconnection means (83) com- substrate and
include at least two additional       prise optical crossovers of optical
waveguides stages (85-87) of switch elements mounted on        diffused in
said substrate. said substrate between said input stage and 6    



11                EP0349597B1                        12 3. An optical
switching network having N input         the number of output ports M is
greater than or ports and M output ports CHARACTERISED IN          equal to
4 and wherein stage ([err] M)-1 com- THAT M and N are non-zero powers of 2,
in          prises that said ports are mounted to a substrate and in that
the network comprises:             5                      [err] a number of
switch stages (84-88) equal to [err] M plus [err] N where each stage is as-
signed a number from 1 to [err] M plus [err] N in sequence from the input
ports to the output     groups of two adjacent switch elements and ports;
10       stage 1092 M comprises where stage (86) numbered 1092 M com-
prises                                                             [err] 8
[err]                        15 groups of four adjacent switch elements and
where each group of switch elements in stage 1092 M and stage ([err] M)-1
is assigned a optical 1 by 2 switch elements and each stage      number in
sequence from 1 to between the stage [err] M and the input ports  20
comprises one-half of the number of 1 by 2 optical switch elements in the
next nearer stage to the stage [err] M, and where the stage
8 (87) numbered ([err] M) + 1 comprises 25      and said second
interconnection means com- prises third interconnection means including
optical crossovers for interconnecting stage 2
(1092 M)-1 and stage 1092 M such that the first switch element in each
group of switch ele- optical 2 by 1 switch elements and each stage   30
ments in stage ([err] M)-1 is connected to the between stage ([err] M)+ 1
and said output          first and third switch elements of the same ports
comprises one-half of the number of 2 by     numbered group of stage 1092 M
and the sec- 1 optical switch elements in the next nearer       ond switch
element of each group of switch stage to the stage ([err] M) +1 and wherein
elements in stage ([err] M)-1 is connected to each optical switch element
in stage [err] M   35   the second and the fourth switch elements of and
stage ([err] M) + 1 is assigned a number in     the same numbered group in
stage log2 M. sequence from 1 through 5. The optical switching network of
claim 4 where [err]                                the number of input
ports N is greater than or 40      equal to 4 and wherein stage ([err] M) +
1 com- prises first interconnection means (82) connecting stage 1092 M and
stage ([err] M) + 1 such that                      [err] each odd numbered
switch element in stage   45 [err] M is connected to a switch element hav-
ing the same number and the same number            groups of eight switch
elements ad the stage +1 in stage ([err] M) + 1 and each even num-
([err] M) + 2 comprises bered switch element in stage 1092 M is con- nected
to a switch element having the same   50                      [err] number
and the same number -1 in stage ([err] M)+1; and second interconnection
means (80,81,83), including optical crossovers diffused in said      groups
of four switch elements and wherein substrate, for connecting the switch
elements  55  each group of switch elements in stages ([err] in adjacent
ones of the remaining stages.          M) + 1 and (1092 M) + 2 is assigned
a number in sequence from 1 to 4. The optical switching network of claim
3where 7    13                 EP 0 349 597 B1                    14 



elements in stage (1092 M)+2 is connected to the first and third switch
element of the same 16  .                              numbered group of
stage ([err] M) +1 and the second switch element of each group of switch
and                                         5       elements in stage
([err] M)+2 is connected to said second interconnection means further
the second and the fourth switch element of comprises fourth
interconnection means in-          the same numbered group in stage ([err]
M)- cluding optical crossovers for interconnecting      + 1. stage (1092 M)
+ 1 and stage ([err] M) + 2 such that the first switch element of each
group of  10  7. The optical switching network of claim 6 where switch
elements in stage (1092 M) + 2 is con-       the number of output ports M
is greater than or nected to the first and the fifth switch element
equal to 4 and wherein stage 1092 M com- of the same numbered group in
stage (1092           prises M) + 1, the second switch element of each
group of switch elements in stage (1092 M)+2   15                   [err]
is connected to the second and the sixth switch element of the same
numbered group in stage ([err] M)+1, the third switch element of each group
of switch elements in stage (1092        groups of eight switch elements
and the stage M) + 2 is connected to the third and the sev-   20   ([err]
M)-1 comprises enth switch element of the same numbered group of switch
elements in stage (1092 M) + 1                       M and the fourth
switch element of each group of                         [err] switch
elements in stage (1092 M) + 2 is con- nected to the fourth and the eighth
switch   25 element of the same numbered group of               group of
four switch elements and wherein switch elements in stage ([err] M) + 1.
each group of switch elements in stages 1092 M and ([err] M)-1 is assigned
a number in 6. The optical switching network of claim 3 where
sequence from 1 to the number of input ports N is greater than or  30 equal
to 4 and wherein stage (1092 M) + 2 com-                     [err] prises
[err] 35      and said second interconnection means further comprises
fourth interconnection means in- groups of two adjacent switch elements and
cluding optical crossovers for interconnecting stage ([err] M)+ 1 comprises
stage 1092 M and stage ([err] M)-1 such that 40      the first switch
element of each group of switch [err]
elements in stage ([err] M)-1 is connected to the first and the fifth
switch element of the same numbered group in stage [err] M, the second
switch element of each group of switch groups of four adjacent switch
elements and   45    elements in stage ([err] M)-1 is connected to where
each group of switch elements in stage       the second and the sixth
switch element of the ([err] M) + 1 and stage ([err] M) +2 is assigned
same numbered group in stage [err] M, the a number in sequence from 1 to
third switch element of each group of switch elements in stage ([err] M)-1
is connected to [err]                       so       the third and the
seventh switch element of the same numbered group of switch elements in
stage [err] M and the fourth switch element of each group of switch
elements in stage (1092 and said second interconnection means com-
M)-1 is connected to the fourth and the eighth prises third interconnection
means including   ss   switch element of the same numbered group optical
crossovers for interconnecting stage        of switch elements in stage
1092 M. (1092 M) + 2 and stage ([err] M) + 1 such that the first switch
element in each group of switch  8.  The method of designing an optical
switching 8    15                EP 0 349 597 B1                   16 



network having N input ports and M output
[err] ports CHARACTERISED IN THAT M and N are non-zero powers of 2 and N
[err] M, in that said ports are mounted to a substrate and in that the
method comprises:                      5      times the number of switch
elements in the defining a number of switch stages (84-88)     stage, where
i is the number of prior regions equal to [err] M plus [err] N where each
stage      for which a pattern of connection has been is mounted to said
substrate and assigned a       determined, and where each group in a stage
number from 1 to [err] M plus [err] N in se-        corresponds to a group
in an adjacent stage quence from the input ports to the output  10     and
each switch element has a unique position ports, adjacent ones of said
stages being sep-    within the group; and arated by regions, and stage
[err] M and [err]         determining a pattern of connections be- M) + 1
being separated by a center region;        tween the switch elements of the
two stages defining a number of optical switch ele-       separated by the
selected region such that ments for each of the stages, where the stage
is  each switch element having a given position in (86) numbered [err] M
comprises                    a given group in the stage farther from the
center region is connected to a switch element [err]
having the same group position in the cor- responding group of the adjacent
stage nearer 20      to the center region and to a switch element in the
corresponding group having a position optical 1 by 2 switch elements (112)
and each     equal to the given position plus one-half of the stage between
the stage 1092 M and the input       number of switch elements in the
correspond- ports comprises one-half of the number of 1 by     ing group;
and 2 optical switch elements in the next nearer  25      determining a
pattern of connections be- stage to the stage [err] M and where the stage
tween the switch elements of adjacent stages (87) numbered (1092 M) + 1
comprises              separated by the center region after all other
regions have had a pattern of connections de- termined. [err]
30 9. The method of designing an optical switching network having X input
ports and Y output optical 2 by 1 switch elements (110) and each     ports
where X < Y CHARACTERISED IN THAT stage between stage ([err] M)+ 1 and the
out-      said ports are mounted to a substrate and in put ports comprises
one-half of the number of  35  that the method comprises 2 by 1 optical
switch elements in the next            increasing X to a number N, when X
is not nearer stage to the stage ([err] M) + 1;           a power of 2, N
being the next highest power defining a sequence of regions comprising
of 2 to X; a first region (80) adjacent to the stage (84)        increasing
Y to a number M, when Y is not having the smallest number of switch
elements  40  a power of 2, M being the next highest power and continuing
toward the center region (82)      of 2 to Y; for (1092 M) - (1092 N)
regions and then al-          defining a number of switch stages (84-88)
ternating between the farthest output region      equal to [err] M plus
[err] N where each stage (83) from the center region not yet in the
is mounted to said substrate and assigned a sequence and the farthest input
region from   45  number from 1 to [err] M plus [err] N in se- the center
region not yet in the sequence until   quence from the input ports to the
output all regions except the center region have been    ports, adjacent
ones of said stages being sep- placed in the sequence;
arated by regions (81-83), and stage [err] M defining a pattern of
connections for each     and ([err] M) +1 being separated by a center
region in the defined sequence by selecting   50  region (82); the regions
in the defined sequence,                  defining a number of optical
switch ele- dividing the stages on each side of the        ments for each
of the stages, where the stage selected region into groups of switch
elements    numbered [err] M comprises wherein the number of groups in each
stage is given by                                  55
[err] 2 9    17                EP 0 349 597 B1                    18
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between the stage [err] M and the input ports      tween the switch
elements of the adjacent comprises one-half of the number of 1 by 2
stages separated by the center region after all optical switch elements in
the next nearer          other regions have had a pattern of connec- stage
to the stage [err] M and where the stage   5  tions determined; (1092 M) +1
comprises                                 deleting N-X switch elements in
stage number 1 and deleting each switch element in [err]
stages numbered 2 through [err] M which is connected to receive signals
from the deleted 10      switch elements in stage 1; and deleting M-Y
switch elements in stage optical 2 by 1 switch elements and each stage
([err] M)+([err] N) and deleting each switch between stage ([err] M) +1 and
the output           element in stages ([err] M) +1 to ([err] M) + - ports
comprises one-half of the number of 2 by     ([err] N)-1 which is connected
to provide sig- 1 optical switch elements in the next nearer  15  nals to
the switch elements deleted from stage stage to the stage (1092 M) + 1;
([err] M) + ([err] N). defining a sequence of regions comprising a first
region adjacent to the stage having the  10. The method of designing of
claim 9 further smallest number of switch elements and con-
comprising the step of replacing each switch tinuing toward the center
region for ([err] M)-  20  element having only one input connection and
([err] N) regions and then alternating between      one output connection
with a waveguide be- the farthest output region from the center re-
tween that input connection and that output gion not yet in the sequence
and the farthest      connection. input region from the center region not
yet in the sequence until all regions except the cen-  25  PatentansprUche
ter region have been placed in the sequence; defining a pattern of
connections for each  1. Optisches Vermittlungsnetzwerk mit: Vermitt-
region in the defined sequence by selecting       lungsstufen mit: the
regions in the defined sequence,               einer Eingangsstufe (84) aus
optischen Schalt- dividing the stages on each side of the   30   elementen
(90 bis 93), wobei jedes Schaltele- selected region into groups of switch
elements     ment der Eingangsstufe einen Eingangsport wherein the number
of groups in each stage is      und zwei Ausgangsports enthdlt, und einer
given by                                           Ausgangsstufe (88) aus
optischen Schaltele- menten (94 bis 101), wobei jedes Schaltele- [err]
35      ment der Ausgangsstufe zwei Eingangsports und einen Ausgangsport
enthglt; Verbindungsbereichen (80 bis 83) zwischen angrenzenden
Vermittlungsstufen; times the number of switch elements in the          und
einem Muster aus optischen Wellenleitern stage, where i is the number of
prior regions   40  zum  Verbinden der Eingangsports und der for which a
pattern of connection has been         Ausgangsports der Schaltelemente von
an- determined, and where each group in a stage        grenzenden Stufen,
wobei das Muster optische corresponds to a group in a adjacent stage
Wellenleiteruberkreuzungspunkte enthalt. and each switch element has a
unique position      dadurch gekennzeichnet, daB with the group; and
45       die Vermittlungsstufen auf einem Substrat an- determining a
pattern of connections be-       geordnet sind und wenigstens zwei
zustatzli- tween the switch elements of the two stages        che Stufen
(85 bis 87) von Schaltelementen separated by the selected region such that
enthalten, die auf beiden Seiten des Substrates each switch element having
a given position in     zwischen der Eingangsstufe und der Aus- a given
group in the stage farther from the   50   gangsstufe angebracht sind;
center region is connected to a switch element     das Muster der optischen
Wellenleiter aut dem having the same group position in the cor-
Substrat in den Verbindungsbereichen eindil- responding group of the
adjacent stage nearer     fundiert ist und dadurch, dal to the center stage
and to a switch element in     die  WellenleiterUberkreuzungspunkte  Ober-
the corresponding group having a position   55     kreuzungspunkte
enthalten, die in das Substrat equal to the given position plus one-half of
the   in den Bereichen (80, 83) angrenzend an die number of switch elements
in the correspond-       Eingangs- und die Ausgangsstufen eindiffun- ing
group;                                         diert sind. 10    19
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2. Optisches Vermittlungsnetzwerk mit N Ein-            naclist naheren
Stule zu der Stufe 1092 M gangsports und M Ausgangsports,
enthalt, und wobel die Stufe (87), die mit (1092 dadurch gekennzeichnet,
dab M und N Poten-          M) + 1 nummeriert ist, (MxN)/2 optische 2x1 zen
von 2 sind, die nicht gleich 0 sind, daB die    Schaltelemente enthalt und
jede Stufe zwi- Ports auf einem Substrat angebracht sind und    s   schen
der Stufe (1092 M) + 1 und den Aus- dabl das Netzwerk enthalt:
gangsports die Halfte der Anzahl von opti- eine Anzahl von
Vermittlungsstufen (84 bis 88).     schen 2x1 Schalterlementen in der
nachst na- die gleich 1092 M plus 1092 N ist. wobei jeder      heren Stufe
zur Stufe (1092 M) + 1 enthalt und Stufe eine Nummer von 1 bis 1092 M plus
1092        wobei jedem optischen Schaltelement in der N in Folge von den
Eingangsports zu den   to        Stute 1092 M und der Stufe (1092 M) + 1
eine Ausgangsports zugeordnet ist;                       Nummer in von 1
bis (MxN)/2 in Folge zuge- wobei die Stufe (86), die mit 1092 M numme-
ordnet ist, riert ist, (MxN)/2 optische 1 x2 Schaltelemente     erste
Verbindungseinrichtungen (82). welche (112) enthalt und jede Stufe zwischen
der Stu-      die Stufe 1092 M und die Stufe (1092 M) + 1 fe 1092 M und den
Eingangsports die Halfte  1s      verbinden, so dab jedes ungradzahlig
numme- der Anzahl von optischen 1 x2 Schaltelementen       rierte
Schaltelement in der Stufe 1092 M mit der nachst naheren Stufe zu der Stufe
1092 M        einem  Schaltelement mit derselben Nummer enthflt und wobei
die Stufe (87). die mit (log2     und derselben Nummer plus 1 in der Stufe
M) plus 1 nummeriert ist. (MxN)/2 optische 2x1      (1092 M) + 1 verbunden
ist und jedes gradzah- Schaltelemente (110) enthIt und jede Stufe  20
lig nummerierte Schaltelement in der Stufe zwischen der Stufe (log2 M) + 1
und den             1092 M mit einem Schaltelement mit derselben
Ausgangsports die Hflfte der Anzahl von opti-       Nummer und derselben
Nummer - 1 in der schen 2x1 Schaltelementen in der nachst na-         Stufe
(1092 M) + 1 verbunden ist; heren Stufe zur Stufe (1092 M) + 1 enthalt;
und zweite Verbindungseinrichtungen (80. 81, Verbindungseinrichtungen (82)
zum Verbinden   25    83). die optische Uberkreuzungspunkte enthal- der MxN
Ausgange der Stule 1092 M mit den           ten, die in das Substrat
eindiffundiert sind, zum MxN Eingangen der Slufe (g092 M) + 1;
Verbinden der Schaltelemente in angrenzen-
Eingangsverbindungseinriclitungen  (80.  81)        den Stufen, der
verblelbenden Stufen. zum Verbinden der Ausgange und der Eingan- ge von
angrenzenden Stufen der von 1 bis  30  4. Optisches Vermittlungsnetzwerk
nach Anpruch 1092 M nummerierten Stufen;                         3.
Ausgangsverbindungseinrichtungen (83) zum           dadurch gekennzeichnet,
dab Verbinden der Ausgange und Eingange von             die Anzahl der
Ausgangsports M groler oder angrenzenden Stufen der von (1092 M) plus 1
gleich 4 ist und wobei die Stufe. die mit (log bis 1092 M plus 1092 N
nummerierten Stufen;  35     M) - 1 nummeriert ist, (MxN)/8 Gruppen von
wobei die Verbindungen zwischen wenigstens          zwei benachbarten
Schaltelementen enthalt einer der Stufen, die durch die Eingangs- und
und wobei die Stufe. die mit log2 M numme- Ausgangsverbindungseinrichtungen
(83) ver-         riert ist, (MxN)/8 Gruppen von vier benachbar- bunden
sind, optische Oberkreuzungspunkte           ten Schaltelementen enthait
und wobei jeder der optischen Wellenleiter, enthalten, die in  40   Gruppe
von Schaltelementen in der Stufe lg2 das Substrat eindiffundiert sind.
M und der Stufe (1092M)-1 eine Nummer in Folge von 1 bis (MxN)/8 zugeordnet
ist und 3  Optisches Vermittlungsnetzwerk mit N  Ein-           wobei die
zweiten Verbindungseinrichtungen gangsports und M Ausgangsports,
dritte Verbindungseinrichtungen enthalten. die dadurch gekennzeichnet. dan
45       optische Uberkreuzungspunkte zum Verbinden M und N Potenzen von 2
sind, die nicht gleich       der Stule (1092 M) - 1 und der Stufe 1092 M 0
sind, daB die Ports auf einem Substrat ange-      enthalten. so dacl das
erste Schallelement in bracht sind und dabl das Netzwerk enthall:
jeder Gruppe von Schaltelementen in der Stufe eine Anzahl von Schaltstufen
(84 bis 88). die       (1092 M) - 1 mit den ersten und den dritten gleich
1092 M plus 1092 N ist. wobei jeder Stufe  so  Schaltelementen  der gleich
nummerierten eine Nummer von 1 bis 1092 M plus 1092 N in         Gruppe der
Stufe 1092 M verbunden ist und Folge von den Eingangsports zu den Aus-
das zweite Schaltelement von jeder Gruppe gangsports zugeordnet ist;
von Schaltelementen in der Stufe (log2 M) - 1 wobei die Stufe (86). die mit
1092 M numme-         mit den zweiten und den vierten Schaltelemen- riert
ist, (MxN)/2 optische 1x2 Schaltelemente  55  ten der gleich nummerierten
Gruppe in der enthflt und jede Stufe zwischen der Stufe log?      Stufe
log2 M verbunden ist. M und den Eigangsports die Halfte der Anzahl von
optischen  1 x2 Schaltelementen in der      5. Optisches
Vermittlungsnetzwerk  nach  An-    21                EP 0 349 597 B1
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spruch 4,                                         ersten und dem  dritten
Schaltelement der dadurch gekennzeichnet, daB                        gleich
nummerierten Gruppe der Stufe (1092 die Anzahl der Eingangsports N grober
oder         M) + 1 verbunden ist und das zweite Schalt- K-leich 4 ist und
wobei die Stufe, die mit (1092     element von jeder Gruppe von
Schaltelemen- M) + 1 nummeriert ist, (MxN)/16 Gruppen von   5   ten in der
Stufe (1092 M) + 2 mit dem zweiten acht Schaltelementen enthflt und die
Stufe,        und dem  vierten Schaltelement der gleich die mit (log2 M) +
2 nummeriert ist, (MxN)/16      nummerierten Gruppe in der Stufe (10g2 M) +
Gruppen von 4 Schaltelementen enthaIt und          1 verbunden ist. wobei
jeder Gruppe von Schaltelementen in der Stufe (1092 M) + 1 und (1092 M) + 2
eine   1o  7. Optisches  Vermittlungsnetzwerk  nach  An- Nummer in Folge
von 1 bis (MxN)I16 zugeord-       spruch 6, net ist; und
dadurch gekennzeichnet, daB die zweiten Verbindungeinrichtungen weiterhin
die Anzahl von Ausgangsports M gr6oer oder vierte Verbindungseinrichtungen
enthalten, die     gleich vier ist und wobei die Stufe, die mit 1092
optische Oberkreutzungspunkte zur Verbin-  15      M nummoriert ist,
(MxN)t16 Gruppen von acht dung der Stufe (1092 M) + 1 und der Stufe
Schaltelementen enthait und die Stufe, die mit (1092 M) + 2 enthalten, so
daB das erste          (log2 M) - 1 nummeriert ist, (MxN)/16 Gruppen
Schaltelement jeder Gruppe von Schaltelemen-      von vier Schaltelementen
enthalt und wobei ten in der Stufe (1092 M) + 2 mit dem ersten      jeder
Gruppe von Schaltelementen in den Stu- und fUnften Schaltelement der gleich
numme-  20   fen 1092 M und (log M) - 1 eine Nummer in rierten Gruppe in
der Stufe (1og2 M) + 1           Folge von 1 bis (MxN)116 zugeordnet ist
und verbunden ist, wobei das zweite Schaltelement      die zweiten
Verbindungseinrichtungen weiter- jeder Gruppe von Schaltelementen in der
Stufe      hin vierte Verbindungseinrichtungen enthalten, (1092 M) + 2 mit
dem zweiten und dem sechs-       die optische Uberkreuzungspunkte zur
Verbin- ten Schaltelement der gleich nummerierten   25    dung der Stufe
10g2 M und der Stufe (1092 M) - Gruppe in der Stufe (1092 M) + 1 verbunden
1 enthalten, so daB das erste Schaltelement ist, wobei das drilte
Schaltelement jeder Grup-   von jeder Gruppe von Schaltelementen in der po
von Schaltelementen in der Stufe (1og2 M)      Stufe (1092 M) - 1 mit dem
ersten und dem + 2 mit dem dritten und siebten Schaltele-        fUnften
Schaltelement der gloich nummerierten ment der gleich nummerierten Gruppe
von   so      Gruppe in der Stufe 1092 M verbunden ist, Schaltelementen in
der StufO (1092 M) + 1         wobei das zweite Schaltelement jeder Gruppe
verbunden ist, und wobei das vierte Schalltele-    von Schaltelementen in
der Stufe (1og2 M) -1 ment jeder Gruppe von Schaltelementen in der
mit dem zweiten und dem sechsten Schaltele- Stufe (1092 M) + 2 mit dem
vierten und achten      ment der gleich nummerierten Gruppe in der
Schaltelement der geich nummerierten Gruppe   35  Stufe log2 M verbunden
ist, wobei das dritte von Schaltelementen in der Stufe (1092 M) + 1
Schaltelement von jeder Gruppe von Schaltele- verbunden ist.
menten in der Stufe (Iog2 M) - 1 mit dem dritten und dem siebten
Schaltelement der Optisches  Vermittlungsnetzwerk  nach  An-        gleich
nummerierten Gruppe von Schaltele- spruch 3.
40       menten in der Stufe 1092 M verbunden ist und dadurch
gekennzeichnet, daB                        wobel das vierte Schaltelement
von jeder die Anzahl der Eingangsports N gr6oer odor         Gruppe von
Schaltelementen in der Stufo (1092 gleich vier ist und wobei die Stufe, die
mit (log  M) - 1 mit dem vierten und dem achten Schalt- M) + 2 nummeriert
ist. (MxN)/8 Gruppen von        element der gleich nummerierten Gruppe von
zwei benachtbarten Schaltelementen enthflt  45    Schaltelementen in der
StufO 1092 M verbun- und die Stufe, die mit (1092 M) + 1 numme-        den
ist. riert ist. (MxN)/8 Gruppen von vier aneinander grenzenden
Schaltelementen enthalt und wo-     8. Verfahren zur Konstruktion eines
optischen bei jeder Gruppe von Schaltelementen in der
Vermitilungsnetzwerkes mit N Eingangsports Stufe (log2 M) + 1 und der Slufe
(1092 M) + 2   5o  und M Ausgangsports, eine Nummer in Folge von 1 bis
(MxN)/8 zuge-       dadurch gekennzeichnet, daB ordnet ist und die zweiten
Verbindundungsein-      M und N Potenzen von zwei sind, die nicht
richtungen  dritte  Verbindungseinrichtungen       gleich 0 sind, und N
kleiner oder gleich M ist, enthalten. die optische Oberkreuzungspunkte
daB die Ports auf einem Substrat angebracht zum Verbinden der Stufe (1092
M) + 2 und der  55   sind und daB das Verfahren enthflt: Stufe (10g2 M) + 1
enthalten, so daB das erste     Definieren einer Anzahl von
Vermittlungsstufen Schaltelement in jeder Gruppe von Schaltele-       (84
bis 88), die gleich 1092 M plus log2 N sind, menten in der Stule (1092 M) +
2 mit dem           wobei jede Stufe auf dem Substrat angebracht 12    
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11111111111 1   1 ist und dieser eine Nummer von 1 bis 1092 M
Gruppe in der Stufe, die weiter von dem mittle- plus 1og2 N in Folge von
den Eingangsports zu       ren Bereich entfernt ist, mit einem Schaltele-
den Ausgangsports zugeordnet ist, angeren-          ment verbunden ist, das
die gleiche Gruppen- zende Stufen durch Bereiche getrennt sind
position in der korrespondierenden Gruppe der und die Stufe 1092 M und die
Stufe (1092 M) +    5  angrenzenden Stufe hat, die naher an dem 1 durch
einen zentralen Bereich getrennt sind;      mittleren Bereich ist, und mit
einem Schaltele- Definieren einer Anzahl von optischen Schalt-       ment
in der entsprechenden Gruppe mit einer elementen ftr jede der Stufen, wobei
die Stufe      Postion, die gleich der gegebenen Position (86), die mit
10g2 M nummeriert ist, (MxN)/2        plus die Halfte der Anzahl von
Schaltelemen- optische 1 x2 Schaltelemente (112) enthWlt und   10  ten in
der korrespondierenden Gruppe ist; jede Stufe zwischen der Stufe log2 M und
den        und Bestimmen eines Musters von Verbindun- Eingangsports die
Halfte der Anzahl von opti-       gen zwischen den Schaltelementen von an-
schen 1x2 Schaltelementen in der nachst na-         grenzenden Stufen, die
durch den mittleren heren Stufe zu der Stufe 1092 M enthalt und
Bereich getrennt sind, nachdem fUr alle ande- wobei die Stufe (87), die mit
(1092 M) + 1   15     ren Bereiche ein Verbindungsmuster bestimmt
nummeriert ist, (MxN)12 optische 2xl Schalt-        worden ist. elemente
(110) enthalt und jede Stufe zwi- schen der Stufe (1092 M) + 1 und den Aus-
9. Verfahren zur Konstruktion eines optischen gangsports die Halfte der
Anzahl von opti-          Vermittlungsnetzwerkes mit X Eingangsports schen
2x1 optischen Schaltelementen in der   20     und Y Ausgangsports, wobel X
< Y ist, nachst naheren Stufe zu der Stufe (log2 M) +        dadurch
gekennzeichnet, daB 1 enthalt;                                          die
Ports auf einem Substrat angebracht sind Definieren einer Folge von
Bereichen, die ei-       und dal das Verfahren enthalt: nen ersten Bereich
(80) enthalten, welcher der      Erh6hen von X auf eine Zahl N, wobei falls
X Stufe (84) benachbart ist, mit der kleinste An-  25  nicht eine Potenz
von 2 ist, N die nachsth6he- zahl von Schaltelementen und Fortfahren zum
re Potenz von 2 in Bezug auf X ist; zentralen Bereich (82) fUr (1092 M) -
(1092 N)      Erh6hen von Y auf eine Zahl M, wobei falls Y Bereiche und
nicht eine Potenz von 2 ist, M die nachsthohe- dann Alternieren zwischen
dem entferntest lie-      re Potenz von 2 in Bezug auf Y ist; genden
Ausgangsbereich (83) von dem zentra-   30    Definieren einer Anzahl von
Vermittlungsstufen len Bereich, der noch nicht in der Folge ist,       (84
bis 88), die gleich 1092 M plus 1092 N ist, und dem am weitest entfemt
liegenden Ein-           wobel jede Stufe auf dem Substrat angebracht
gangsbereich von dem zentralen Bereich, der         wird und dieser eine
Nummer 1 bis 1092 M noch nicht in der Folge ist, bis alle Bereiche
plus 1092 N in Folge von den Eingangsports zu mit der Ausnahme des
mittleren Bereiches in  35     den Ausgangsports zugeordnet wird, wobei an-
der Folge angeordnet sind;                          grenzende Stufen durch
Bereiche (81 bis 83) Definieren eines Musters von Verbindungen f;r
getrennt sind und die Stufe 1092 M und (1og2 jeden Bereich in der
delinierten Folge durch        M) + 1 durch einen zentralen Bereich (82)
Auswahlen der Bereiche in der definierten Fol-      getrennt sind; ge,
40       Definieren einer Anzahl von optischen Schalt- Teilen der Stufen
auf jeder Seite des ausge-        elementen fUr jede der Stufen, wobel die
Stufe, wihiten Bereiches in Gruppen von Schaltele-         die mit 1092 M
nummeriert ist, (MxN)/2 opti- menten, wobei Anzahl von Gruppen in jeder
sche lx2 Schaltelemente enthalt und jede Stu- Stufe durch 1/2! mal die
Anzahl von Schaltele-      fe zwischen der Stufe 1092 M und den Ein- menten
in der Stufe gegeben ist, wobei i die  45    gangsports die Halfte der
Anzahl von opti- Anzahl von vorhergehenden Bereichen ist, ffir       schen
1x2 Schaltelementen in der nachst na- welche ein Muster von Verbindungen
bestimmt         heren Stufe zur Stufe 1092 M enthalt und wobei worden ist,
und wobei jede Gruppe in einer          die Stufe, die mit (1092 M) + 1
nummeriert ist, Stufe zu einer Gruppe in einer angrenzenden         (MxN)/2
optische 2x1 Schaltelemente enthalt Stute korrespondiert und jedes
Schaltelement  so    und jede Stufe zwischen der Stufe (1092 M) + eine
einmalige Position innerhalb der Gruppe        1 und den Ausgangsports die
Hl-fte der An- hat;                                                zahl von
optischen 2x1 Schaltelementen in der und
nichst naheren Stufe zu der Stufe (1092 M) + Bestimmen eines Musters von
Verbindungen            1 enthalt; zwischen den Schaltelementen der zwei
Stu-   55     Definieren einer Folge von Bereichen, die ei- len, die durch
den ausgewdhIten Bereich ge-         nen ersten Bereich enthalten, der zu
der Stufe trennt sind, so dal jedes Schaltelement mit         mit der
kleinsten Anzahl von Schaltelementen einer gegebenen Position in einer
gegebenen         benachbart ist und Fortfahren auf den zentra- 13   
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BI1IJ 1 R   ! 1 len Bereich zu fUr (g092 M) - (1og2 N) Bereiche    (1092 M)
entfernt worden sind. und dann Alternieren zwischen dem von dem 3ntralen
Bereich am weitest entfernt gelege-  10. Verfahren zur Konstruktion nach
Anspruch 9, S'4en Ausgangsbereich, der noch nicht in der
gekennzeichnet durch den Schritt des Erset- Folge ist, und dem von dem
zentralen Bereich   6   zens jedes Schaltelementes, das nur eine Ein- am
weitesten gelegenden  Eingangsbereich,         gangsverbindung und eine
Ausgangsverbin- der noch nicht in der Folge ist, bis alle Berei-   dung
hat, durch einen Wellenleiter zwischen che mit der Ausnahme des mittleren
Bereiches       der Eingangsverbindung und der Ausgangsver- in der Folge
angeordnet sind;                      bindung, Definieren eines Musters von
Verbindungen fMr   10 jeden Bereich in der definierten Folge durch
Revendications Auswahl der Bereiche in der definierten Folge, Teilen der
Stufen auf jeder Seite des ausge-    1. Un reseau de commutation optique
compre- wahiten Bereiches in Gruppen von Schaltele-        nant: menten,
wobei die Anzahl der Gruppen in je-  15        des 6tages de commutation
comprenant: der Stufe durch 1/21 mal der Anzahl der Schalt-        un 6tage
d'entree (84) d'6l6ments de com- elemente in der Stufe gegeben ist, wobei i
die     mutation optiques (90-93). chaque el6ment de Anzahl der
vorhergehenden Bereiche ist, fOr        commutation de cet etage d'entree
compre- welche ein Muster von Verbindungen bestimmt        nant un accbs
d'entr6e et deux accbs de sor- _'  worden ist, und wobei jede Gruppe in
einer  20       tie. et Stufe zu einer Gruppe in einer benachbarten
un etage de sortie (88) d'6l6ments de Stufe korrespondiert und jedes
Schaltelement       commutateur optiques (94-101). chaque 616- eine
einmalige Position innerhalb der Gruppe       ment de commutateur de
l'6tage de sortie hat;
comprenant deux accbs d'entr6e et un acces und
25      de sortie; Bestimmen eines Musters von Verbindungen
des r6gions d'interconnexion (80-83) entre zwischen den Schaltelementen der
zwei Stu-         des 6tages de commutation adjacents; fen, die durch den
ausgewfhlten Bereich ge-            et une configuration de guides d'ondes
trennt sind, so daB jedes Schaltelement mit        optiques qui sont
destines a connecter les einer gegebenen Position in einer gegebenen   30
acces d'entr6e et les accbs de sortie des e16- Gruppe in der Stufe, die
weiter von dem zen-       ments de commutateur d'etages adjacents, tralen
Bereich entfernt ist, mit einem Schaltele-  cette configuration comprenant
des intersec- ment verbunden ist mit derselben Gruppenpo-        tions de
guides d'ondes optiques. CARACTE- sition in der korrespondierenden Gruppe
der        RISE EN CE QUE angrenzenden Stufe, die naher an der zentra-  35
les etages de commutation sont 6tablis sur len Stufe ist, und mit einem
Schaltelement in      un substrat et comprennent au moins deux der
korrespondierenden Gruppe mit einer Posi-      etages suppl6mentaires
(85-87) d'6lements de tion die gleich der gegebenen Position plus
commutateur 6tablis sur le substrat. entre NWta- _   der Halfte der Anzahl
von Schaltelementen in     ge d'entree et l'tage de sortie; der
korrespondierenden Gruppe ist;         40          en ce que la
configuration de guides d'on- Bestimmen eines Musters von Verbindungen
des optiques est diffus6e sur le substrat dans zwischen den Schaltelementen
der angrenzen-        les r6gions d'interconnexion. et en ce que les den
Stufen, die durch den zentralen Bereich        intersections de guides
d'ondes comprennent getrennt sind, nachdem fUr alle anderen Berei-     des
intersections qui sont diffusees dans le che ein Muster von Verbindungen
bestimmt   45      substrat. dans les r6gions (80, 83) adjacentes worden
ist;                                        aux etages d'entr6e et de
sortie. Entfernen von N - X Schaltelementen in der Stufe Nummer 1 und
Entfernen jedes Schalt-      2. Un reseau de commutation optique ayant N
elementes in den Stufen, die von 2 bis 1092 M      accbs d'entree et M
accbs de sortie CARAC- nummeriert sind, das verbunden ist, um Signa-  so
TERISE EN CE QUE M et N sont des puissan- le aus den enffernten
Schaltelementen in Stufe     ces de 2 differentes de z6ro. en ce que les 1
zu empfangen; und Entfernen von M - Y            acces pr6cit6s sont form~s
sur un substrat et Schaltelementen in der Stufe, (1092 M) + (1092     en ce
que le reseau comprend: M) und Entfernen jedes Schaltelementes in der
un nombre d'6tages de commutateur (84- Stufe
55      88) 6gal A 1092 M plus 1092 N. chaque 6tage (1092 M) + 1 bis (1092
M) + (1092 N) - 1. das      ayant un numero attribud de 1 a 1092 M plus
verbunden ist, um Signale den Schaltelemen-        1092 N. en sequence. a
partir des acces d'en- ten zu liefem, die von der Stufe (1092 M) +
tr6e jusqu'aux accbs de sortie; 14  
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Hill J1 111111 I'6tage (86) de numero 1092 M comprenant
M  x N M x N vJ ~~~ x
2 2                       5       el6ments de commutateur optiques de 1 par
2, et chaque etage entre l'etage 1092 M et les 6l6ments de commutateur
optiques de 1 par 2        acces d'entr6e comprenant la moitie du nom-
(112) et chaque etage entre I'etage log2 M et      bre d'elements de
commutateur optiques de 1 les acces d'entr6e comprenant la moitie du
par 2 de I'tage adjacent plus proche de l'eta- nombre d'elements de
commutateur optiques   70     ge 1092 M, et l'etage (87) de num6ro (1092 M)
de I par 2 de l'etage adjacent plus proche de       + 1 comprenant l'etage
1092 M. et l'etage (87) de num6ro (1092 M) + 1 comprenant
M x N M  x N                       15                       2 2
6lements de commutateur de 2 par 1 et cha- que 6tage entre l'etage (1092 M)
+ 1 et lOs 6l6ments de commutateur optiques de 2 par 1        acces de
sortie comprenant la moitie du nom- _>    (110) et chaque 6tage entre
I'etage (1092 M) +   20  bre d'6lements de commutateur optiques de 2 1 et
les acces de sortie comprenant la moiti6      par 1 de I'etage adjacent
plus proche de l'eta- du nornbre d'6l6ments de commutateur opti-         ge
(1092 M) + 1 et chaque 6l6ment de corn- ques de 2 par 1 de l'tage adjacent
plus            mutateur optique dans l'tage 1092 M et dans proche de
l'tage (1092 M) + 1;                     I'etage (1092 M) + 1 ayant un
numero attribue, des moyens d'interconnexion (82) qui sont  25   en
s6quenceo de 1 a destines a interconnecter les M x N sorties de l'etage
1092 M aux M x N entrees de l'etage                        M  x N (1092 M)
+ 1; des moyens d'interconnexion  d'entree                             2
(80,81) qui sont destin6s a connecter les sor-  30 ties et les entrees
d'etages adjacents des eta-        des premiers moyens d'interconnexion ges
portant les numeros 1 a 1092 M;                (82) qui connectent l'etage
1092 M at l'etage des moyens d'interconnexion de sortie          (1092 M) +
1, de fagon que chaque el6ment (83) destines a connecter les sorties et les
de commutateur de numero impair dans l'Nta- entr6es d'etages adjacents des
etages portant  35  ge 1092 M soit connecte a un element de les numeros
(1092 M) + 1 a 1092 M plus 1092        commutateur ayant le m6me num6ro et
le N;                                                 meme numero plus 1
dans l'6tage (1092 M) + les connexions entre l'un au moins des          1,
et quo chaque el6ment de commutateur de _      etages connectes par les
moyens d'intercon-        numero pair dans l'tage 1092 M soit connecte
nexion d'entree et de sortie (83) comprenant  40   a un el6ment de
commutateur ayant le meme des intersections optiques de guides d'ondes
numero et le meme numero moins 1 dans optiques qui sont diffuses dans le
substrat.       I'tage (1092 M) + 1; et des seconds moyens d'interconnexion
(80. 3. Un reseau de commutation optique ayant N            81, 83)
comprenant des intersections optiques acces d'entree et M acces de sortie
CARAC-   45    diffusees dans le substrat. pour connecter les TERISE EN CE
QUE M et N sont des puissan-          6lements de commutateur dans les
etages ad- ces de 2 differentes de zero, en ce que ces        jacents parmi
les etages restants. acces sont formes sur un substrat et en ce que le
r6seau comprend:                        4. Le r6seau de commutation optique
de la re- un nombre d'etages de commutateur (84-  so      vendication 3,
dans lequel le nombre d'acces 88) egal a 1092 M plus 1092 N. chaque etage
de sortie M est superieur ou 6gal a 4 et dans ayant un numero attribu6 de I
a 1092 M plus        lequel lNtage (1092 M) - 1 comprend 1092 N en
sequenceo a partir des acces d'on- tree jusqu'aux acces de sortie; I'6tage
(86) ayant le numero 1092 M com-   55                 M  X N prenant
A groupes de deux elements de commutateur 15    29                EP 0 349
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adjacents et ietage 1092 M comprend                  les seconds moyens
d'interconnexion comprennent en outre des quatriemes moyens
d'interconnexion comportant des intersections K>                M  x N
optiques pour interconnecter I'6tage (log2 M) 8                      s
+ 1 et l'tage (1092 M) + 2, de fagon que le premier 6l6ment de commutateur
de chaque groupes de quatre 6l6ments de commutateur        groupe
d'6l6ments de commutateur dans l'eta- adjacents, et dans lequel chaque
groupe d'616-   ge (log2 M) + 2 soit connecte aux premier et ments de
commutateur dans 1'etage 10g2 M et      cinquieme 6l6ments de commutateur
du grou- dans l'6tage (1092 M) - 1 a un num6ro attribu6,  tO  pe de meme
num6ro dans l'etage (1og2 M) + en s6quence, de 1 a
1, le second 6l6ment de commutateur de cha- que groupe d'6l6ments de
commutateur dans l'6tage (log2 M) + 2 soit connecte aux second M  x N
et sixibme 6l6ments de commutateur dans le 8   '                    15
groupe de m8me num6ro dans l'6tage (1092 M) + 1, le troisibme 6l6ment de
commutateur et les seconds moyens d'interconnexion corn-      dans chaque
groupe d'6l6ments de commuta- prennent des troisiemes moyens d'intercon-
teur dans l'etage (1092 M) + 2 soit connecte nexion comportant des
intersections optiques,    aux troisieme et septieme 6l6ments de corn- pour
interconnecter l'tage (1092 M) - 1 et  20   mutateur du groupe de meme
num6ro d'616- I'tage 1092 M, de fagon que le premier 616-     ments de
commutateur dans l'etage (1092 M) ment de commutateur dans chaque groupe
+ 1, et le quatrieme 6l6ment de commutateur d'6l6ments de commutateur dans
l'etage (1092     de chaque groupe d'6l6ments de commutateur M) - 1 soit
connecte aux premier et troisieme    dans I'Mtage (log2 M) + 2 soilt
connect4 aux 6l6ments de commutateur du groupe de m~me   25   quatribme et
huitieme 6l6ments de commuta- num6ro de 1'6tage 10g2 M, et que le second
teur du groupe de meme num6ro d'6lements 6l6ment de commutateur de chaque
groupe          de commutateur dans l'6tage (1092 M) + 1. d'6l6ments de
commutateur dans l'etage (1092 M) - 1 soit connecte aux second et quatribme
6. Le r6seau de commutation optique de la re- 6l6ments de commutateur du
groupe de m~me   30   vendication 3, dans lequel le nombre d'acces num6ro
dans l'etage log2 M.                      d'entr6e N est superieur ou egal
a 4 et dans lequel chaque etage (1092 M) + 2 comprend 5. Le r6seau de
commutation optique de la re- vendication 4, dans lequel le nombre d'acces
M X N d'entr6e N est sup6rieur ou 6gal A 4 et dans  3s                  8
lequel l'etage (1092 M) + 1 comprend groupes de deux 6l6ments de
commutateur M  x N                            adjacents et l'etage (1092 M)
+ 1 comprend 16                     40 M x N groupes de huit 6l6ments de
commutateur, et                         8 I'etage (log2 M) + 2 comprend
groupes de quatre 6l6ments de commutateur 45      adjacents, et dans lequel
chaque groupe d'616- M x N                              ments de
commutateur dans 11tage (1092 M) 16                                + 1 et
dans I'6tage (1092 M) + 2 a un numero attribu6, en sdquence, de 1 a groupe
de quatre 6l6ments de commutateur, et dans loquel chaque groupe d'6l6ments
de   Go                   M x N commutateur dans les etages et (1092 M) + 2
M a un numero attribu6, en s6quence, de 1 a                          8 M x
N                              et les seconds moyens dOinterconnexion corn-
;16               ss66    prennent des troisiemes moyens d'intercon- .16
nexion comportant des intersections optiques pour interconnecter 1r6tage
(1092 M) + 2 et et                                               l'etage
(1092 M) + 1 de fagon que le premier 16    6l6ment de commutateur dans
chaque groupe         l'6tage 1092 M, et le quatrieme 6l6ment de d'616ments
de commutateur dans l'6tage (1092      commutateur de chaque groupe
d'6lements de 



Q> M) + 2 soit connect6 aux premier et second         commutateur dans
l'etage (1092 M) - 1 soit 6l6ments-de commutateur dans le groupe de
connect6 aux quatrieme et huitieme 6l6ments m8me num6ro de l'6tage (1og2 M)
+ 1, et le   5    de commutateur du groupe de m8me num6ro second 6l6ment de
commutateur de chaque           d'6l6ments de commutateur dans l'6tage 1092
groupe d'6l6ments de commutateur dans l'6ta-      M. ge (1092 M) + 2 soit
connect6 aux second et quatribme 6l6ments de commutateur du grou-     8. Le
proc6d6 de conception d'un r6seau de pe de mn8me numero dans l'6tage (log2
M) +   lo   commutation optique ayant N acces d'entr6e 1.
et M acces de sortie CARACTERISE EN CE QUE M et N sont des puissances de 2
diffe- -7. Le reseau de commutation optique de la re-       rentes de zero
et N S M, en ce que ces acces vendication 6, dans lequel le nombre d'acces
sont form6s sur un substrat et en ce que le de sortie M est sup6rieur ou
6gal a 4 et dans   15  proc6d6 comprend les op6rations suivantes: lequel
l'etage 1092 M comprend                        on d6finit un nombre
d'etages de commu- tateur (84-88) 6gal a 1092 M plus 1092 N. chaque 6tage
6tant plac6 sur le substrat et M  X N                            ayant un
num6ro attribu6 de 1 a 1092 M plus 16                     20      1092 N,
en s6quence, a partir des acces d'en- tree jusqu'aux acces de sortie, des
6tages groupes de huit 6l6ments de commutateur et        adjacents 6tant
s6par6s par des regions, et les I'6tage (1092 M) - 1 comprend
6tages 1092 M et (1092 M) + 1 6tant s6par6s par une r6gion centrale; 25
on d6finit un nombre d'6l6ments de corn- *_M X N
mutateur optiques pour chacun des 6tages. 16
I'6tage (86) qui a le num6ro 1092 M compre- nant . groupes de quatre
6lements de commutateur, *   *et dans loquel chaque groupe d'6l6ments de
30 commutateur dans les 6tag (1092 M) - 1 a un                     M  xN
num6ro attribuM , en s6quence, de 1 a                             2 ......
... .   ........... ... .. . el6ments de commutateur optiques de 1 par 2 *
M  X-N .                35      (112), et chaque 6tage entre l'etage 1092 M
et 16                              les accbs d'entree comprenant la moitid
du nombre d'6l6ments de commutateur optiques et
de 1 par 2 dans l'etage adjacent plus proche les seconds  moyens
d'interconnexion           de l'6tage 1092 M et 1'6tage (87) portant le
comprennent en outre des quatriemes moyens  40    numero (1092 M) + 1
comprenant d'interconnexion comportant des intersections optiques pour
Interconnecter 1'6tage 1092 M et l'6tage (1092 M) - 1, de fagon que le
premier                     M  x-N 6l6ment de commutateur de chaque groupe
2 d'6l6ments de commutateur dans l'6tage (1092  45 M) - 1 soit connect6 aux
premier et cinquieme     6l6ments de commutateur optiques de 2 par 1
6l6ments de commutateur du groupe de meme         (110) et chaque 6tage
entre I'6tage (log2 M) + num6ro dans l'6tage 1092 M, le second 616-
1 et les acces de sortie comprenant la moiti6 ment de commutateur de chaque
groupe d'616-       du nombre d'6l6ments de commutateur opti- ments de
commutateur dans 1'6tage (1092 M) -  50  ques de 2 par 1 dans l'6tage
adjacent plus 1 soit connect6 aux second et sixieme 616-        proche de
l'etage (1092 M) + 1; ments de commutateur du groupe de m8me
on d6finit une sequence de regions corn- num6ro dans l'6tage 1092 M, le
troisieme 616-     prenant une premiere r6gion (80) adjacente a ment de
commutateur de chaque groupe d'616-       I'6tage (84) ayant le plus petit
nombre d'616- ments de commutateur dans l'6tage (I092 M) -  55  ments de
commutateur, et en continuant vers 1 soit connect6 aux troisibme et
septieme 616-   la region centrale (82) sur (1092 M) - (1092 N) ments de
commutateur du groupe de m8me            r6gions, et en alternant ensuite
entre la r6gion num6ro d'6l6ments de commutateur dans             de sortie
la plus eloignee (83), h partir de la 17    33                EP 0 349 597
B1                  34       !        !   I   M"' r6gion centrale, qui
n'est pas encore dans la    que X n'est pas une puissance de 2, N etant la 



s6quence, et la r6gion d'entr6e la plus 6loi-    puissance de 2
immediatement sup~rieure a X 'nee a partir de la r6gion centrale qui n'est
\ pas encore dans la sequence, jusqu%& ce que          on augmente Y
jusqu'a un nombre M, lors- toutes les r6gions, a l'exception de ia r6gion
5  que Y n'est pas une puissance de 2, M etant la centrale, aient ete
plac6es dans la s6quence;    puissance de 2 imm6diatement sup6rieure a Y on
d6finit une configuration de connexions pour chaque r6gion dans la s6quence
definie,         on d6finit un nombre d'6tages de commu- en s6lectionnant
les r6gions dans la sequence    tateur (84-88) egal a 1092 M plus log2 N,
d6finie,                                 10      chaque etage etant place
sur le substrat et on divise les etages de chaque cote de la     ayant un
numero attribu6 de 1 a log2 M plus r6gion selectionn6e en groupes
d'elements de     1092 N, en sequence, a partir des acces d'en-
commutateur, dans des conditions dans les-       tr6e jusqu'aux acces de
sortie, des etages quelles le nombre de groupes dans chaque
adjacents 6tant sdpar6s par des regions (81- 6tage est 6gal a
15     83), et les 6tages 1092 M et (log2 M) + 1 etant separes par une
region centrale (82); on d6finit un nombre d'6l6ments de corn- 1
mutateur optiques pour chacun des etages, i1'etage de num6ro 10g2 M
comprenant 2                        20 M x N fois le nombre d'6l6ments de
commutateur                            2 dans lteage, en designant par i le
nombre de r6gions ant6rieures pour lesquelles une confi- guration de
connexion a 6te d6termin6e, et  25   elements de commutateur optiques de 1
par 2, chaque groupe dans un 6tage correspondant a      et chaque etage
entre l'6tage 1092 M et les un groupe dans un 6tage adjacent, tandis que
acces d'entr6e comprenant la moiti6 du nom- chaque 6l6ment de commutateur a
une posi-        bre d'6l6ments de commutateur optiques de I tion
specifique dans le groupe;                  par 2 de l'6tage adjacent plus
proche de N'Wta- on  d6termine  une  configuration  de   30    ge iog2 M,
et I'etage (log2 M) + 1 comprenant connexions entre les 6l6ments de
commuta- teur des deux 6tages s6pares par la r6gion                     M x
N s6lectionnee, de facon quo chaque el6ment de                      2
commutateur ayant une position donnee dans un groupe donne dans l'6tage
plus 6loigne de   35  6l6ments de commutateur optiques de 2 par 1 la region
centrale, soit connecte a un 6l6ment   et chaque etage entre l'etage (log2
M) + 1 et de commutateur ayant la meme position de         les acces de
sortie comprenant la moitie du groupe dans le groupe correspondant de
Iteta-    nombre d'6l6ments de commutateur optiques ge adjacent plus proche
de la r6gion centrale,   de 2 par 1 de l'dtage adjacent plus proche de et a
un element de commutateur dans le grou-  40  I'etage (log2 M) + 1; pe
correspondant ayant une position 6gale a la       on d6finit une s6quence
de regions com- position donnee plus la moitie du nombre         prenant
une premibre r6gion adjacente a l'eta- d'6l6ments de commutateur dans le
groupe         ge ayant le plus petit nombre d6lements de correspondant; et
commutateur, et en continuant vers la r6gion on  determine  une
configuration  de   45    centrale sur (log2 M) - (log2 N) r6gions, et en
connexions entre les 6l6ments de commuta-        alternant ensuite entre la
r6gion de sortie la four d'6tages adjacents s6pares par la r6gion    plus
6loign6e de la region centrale qui nWest centrale, apres avoir ddtermin6
une configura-   pas encore dans la sequence et la region lion de
connexions pour toutes les autres r6-    d'entr6e la plus eloign6e de la
r6gion centrale gions.                                   so      qui n'est
pas encore dans la s6quence. jusqu'a ce que toutes les regions, a
l'exception de la 9. Le proced6 de conception d'un r6seau de
r6gion centrale, aient Mt4 placees dans la se- commutation optique ayant X
acces d'entr6e et    quence; Y acces de sortie, avec X < Y CARACTERISE
on d6finit une configuration de connexions EN CE QUE les accbs prdcIt6s
sont plac6s sur  5s  pour chaque region dans la s6quence d6finie, un
substrat et en ce que le procsdd comprend     en s6lectionnant les r6gions
dans la sequence les operations suivantes:                        d6finie,
on augmente X jusqu' un nombre N. lors-          on divise les etages de
chaque c8te de la 18    35                EP 0349 597 B1
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region s6lectionn6e en groupes d'6l6ments de     une connexion de sortie,
par un guide d'ondes commutateur, le nombre de groupes dans cha-      entre
cette  connexion  d'entr6e  et cette que etage etant 6gal a
connexion de sortie. 21
2'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. fois le nombre
d'el6ments de commutateur  10 dans N'etage, en d6signant par i le nombre de
regions ant6rieures pour lesquelles on a d6ter- min6 une configuration de
connexions, et cha- que groupe dans un 6tage correspondant a un groupe dans
un etage adjacent, tandis que   15 chaque 6l6ment de commutateur a une
posi- tion sp6cifique dans le groupe ; et on determine une configuration de
connexions entre les elements de commuta- teur des deux etages s6par6s par
la r6gion   20 s6lectionn6e, de fagon que chaque el6ment de commutateur
ayant une position donn6e dans un groupe donn6 dans l'etage plus eloigne de
la region centrale, soit connecte a un 6lment de commutateur ayant la meme
position de   25 groupe dans le groupe correspondant de N'Uta- ge adjacent
plus proche de la region centrale, et a un 6lement de commutateur dans le
grou- pe correspondant ayant une position 6gale a la position donn6e plus
la moiti6 du nombre  3o d'6l6ments de commutateur dans le groupe
correspondant; on d6termine une configuration de connexions entre les
elements de commuta- tour des 6tages adjacents separ6s par la re-  35 gion
centrale, apres avoir d6termin6 une confi- guration de connexions pour
toutes les autres r6gions; on supprime N-X elements de commuta- tour dans
l'etage num6ro 1 et on supprime   4o chaque element de commutateur dans les
eta- ges ayant les numdros 2 a 1092 M qui est connecle de fagon a recovoir
des signaux pro- venant des 6lements de commutateur suppri- m6s dans
l'4tage 1; et                   45 on supprime M-Y elements de commuta-
teur dans l'Mtage (Iog2 M) + (1og2 N), et on supprime chaque 6lment de
commutateur dans les 6tages (1092 M) + 1 a (1092 M) + (1092 N) - 1 qui est
connecte de fagon & fournir  so des signaux aux elements de commutateur qui
sont supprimes dans l'etage (1092 M) + (1092 N). 10. Le proc6de de
conception de la revendication   55 9, comprenant en outre l'etape qui
consiste a remplacer chaque element de commutateur ayant seulement une
connexion d'entr6e et    


