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IMPROVEMENTS IN ELECTRO OPTICAL SWITCH ARCHITECTURES

The invention relates to electro optical switch architectures and, more
particularly, to practical architectures for the fabrication of switch structures
having multiple input ports and multiple output ports.

Background of the Invéntion

Optical switching offers many significant advantages over known
electronic switching techniques. Among these advantages are the greatly
increased bandwidth and rapid switch reconfiguration rates. Also, with the
increased use of photonics as a transmission method, the elimination of
optical/electronic conversion when a switch is encountered, is a desirable result.
One known optical switch architecture is constructed of a plurality of 1 to N
active signal splitters interconnected with a plurality of N to 1 active signal
combiners. Electrical signals are used to control to which output of, a signal
splitter an optical input signal is sent, and, similarly, electrical signals control
which optical input of a signal combiner is connected to the one output. With this
known architecture, an N-by-N switch array comprises N signal splitters (one for
each input) and N signal combiners (one for each output). The splitters and
combiners are then interconnected so that each output of each splitter is connected
as an input to each of the combiners. This switch architecture exhibits acceptable

signal to noise and attenuation characteristics. However, NXN connections must
be made between the splitters and combiners. When the switch has a large
number of inputs and outputs, the number of connections may become unwieldy.
For example, to construct a 32-by-32 network, 1,034 splitter/combiner connections
must be made. If optical fibers are used as the interconnection media, the
physical size of the number interconnection paths reduces the desirability of the
arrangement. Additionally, the connection of optical fibers to the splitters and
combiners adds signal attenuation. The physical size of the interconnection may
be reduced by placing all splitters and combiners on a single substrate and by
fabricating crossing light guides between the splitters and combiners in the
substrate. This would require 246,016 crossovers (crossthroughs) of light guides
for a 32-by-32 switch. Since each crossover decreases the signal to noise ratio
and increases the attenuation, such crossovers would severely limit the devices
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usefulness. Thus, problems exist in fabricating networks of optical switch
elements such that the resulting network has good signal transmission
characteristics. _
Summary of the Invention

The foregoing problems are solved and a technical advance is

achieved in accordance with the principles of my invention in which optical
waveguide crossovers are diffused in the regions between stages of optical switch
elements to limit the number of optical crossovers. An optical switching network
comprising an input stage of optical switch elements fabricated on a substrate,
each switch element of the input stage comprising one input and two output ports,
an output stage of switch elements fabricated on the substrate, each switch
element of the output stage comprising two input ports and one output port, at

least one additional stage fabricated on the substrate between the input stage and
~ the output stage, an interconnection region between adjacent ones of the switching

stages and a pattern of optical waveguides diffused in the regions for connecting
the input ports and output ports of switch elements of adjacent ones of the stages,
where the pattern of optical waveguides includes optical waveguide crossovers
diffused in the subgtrate. By intentionally placing the optical waveguide
crossovers away from the center of the switch, a reduction in the total number of
crossovers is achieved, thereby improving the signal transrmssmn charactensncs of
the optical switch network. _

Brief Description of the Drawing

A more complete understanding of the present invention may be
obtained from consideration of the following description when read in conjunction
W1th the drawing in which:

FIG. 1 is a diagram of a 2 by 2 optical switch element;

FIG. 2 is a diagram of a 1 by 8 switch network;

FIG. 3 is a diagram of an 8 by 1 switch network;

FIGs 4, 5 and 6 show structures for achlevmcr 4 by 8 optical switch
networks; and

FIG. 7 shows a structure for a 3 by 7 cptical switch network.
Detaﬂed Description -

FIG. 1 is a diagram of a known electro opucal switch device which
can be used in the embodiment of the present invention. Device 10 comprises a
lithium niobate substrate 11 into which two optical strip titanium waveguides 12
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and 13 have been diffused. Waveguides 12 and 13 have a section in which they
are parallel and close enough to one another to allow evanescent field coupling to
take place. Electrodes 14 through 17 are disposed over the waveguides in the
section where they are parallel. Switch signal source 18 is connected to apply
voltage between electrodes 14 and 15 and a switch signal source 19 is connected
to apply voltage between electrodes 16 and 17. Waveguide 12 is optically
connected to an optical signal source 20, and an optical receiver 21 and
waveguide 13 is connected to an optical source 22 and an optical receiver 23.
Sources 20, 22 can be, for example, lasers. As is well known in the art, optical
signals from either of the light sources 20 or 22 can be switched to either of the
receivers 21 or 23 by appropriately controlling the voltages applied between
electrodes 14 and 15 and electrodes 16 and 17. Such a device and its control is
described in detail in Kogelnik et al. U. S. Patent 4,012,113. The device of
FIG. 1 is referred to as a 2-by-2 switch since it comprises two input ports and two
output ports. This 2-by-2 switch can be made into a switch having one input and
two outputs (1-by-2) by simply not connecting source 22 or by terminating
waveguide 13 at the line denoted 24. Similarly, terminating waveguide 12 at the
line denoted 25 would result in a switch having two inputs and one output (2-by-
1). In the course of the present discussion, reference is made to input ports and
output ports of both individual switch elements and optical switch networks. This
is done merely to differentiate one side of a switch structure from the other.
Either side of the switch structures described can comprise input ports or output
ports depending on which side optical transmitters are connected and which side
optical receivers are connected. The above is described to ease the understanding
of the present invention which can be constructed from such devices. The
particular device actually used to control the optical switching is not important to
the present invention.

FIG. 2 represents a 1-by 8 optical switch comprising a plurality of 1-
by-2 optical switch elements 33 through 39. Each of the switch elements, 33
through 39 comprises one of the switch elements 10 connected to operate as
an 1-by-2 switch. FIG. 2 includes a substrate 30 into which an input
waveguide 32 has been diffused. Input waveguide 32 is connected as an input
to 1-by-2 optical switch element 33. The two outputs of optical switch
element 33 are separately connected to the input ports of 1-by-2 switch
elements 34 and 35 by diffused optical waveguides 40 and 41, respectively. The
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two outputs of 1-by-2 switch element 34 are connected to the input of optical
switch elements 36 and 37 by optical waveguides 42 and 43, and the two outputs
of optical switch element 35 are connected as inputs to the 1-by-2 optical switch
elements 38 and 39 by waveguides 44 and 45. Eight optical output ports are
created by connecting the output ports of 1-by-2 switches 36 through 39 to the
edge of the substrate with optical waveguides. FIG. 2 also includes a switch
signal source 31 which provides electrical signals to control optical switch 30.

Switch signal source 31 is connected (not shown) to the switch elements 33

through 39 in a manner similar to the electrical connections shown in FIG. 1. By
properly supplying electrical signals to the 1-by-2 switches 33 through 39, light
entering the input waveguide 32 can be switched to any of the eight output ports.

. FIG.3isa diagram of an 8-by-1 switch device constructed from 2-
by-1 switch elements 50 through 56. The structure is not described in detail since
it is merely the mirror image of the connections of FIG. 2 and is controlled by
switch signal source 66 to switch optical signals at any of its eight input ports 57
through 64 to its single output port 65. , ,

FIG. 4 represents a 4-by-8 optical switch. This switch comprises
four 1-by-8 electrically controlled optical splitters 70 of the type discussed with
regard to FIG. 2 and eight 4-by-1 electrically controlled optical combiners 71.
Neither the source of electrical control signals nor their connections to the
individual switch elements is shown for ease of understanding. The optical
splitters 70 and combiners 71 are connected by plurality of optical connections,
€.g.. 73 in an interconnection region 72. As can be seen in FIG. 4, region 72
includes a large number of connections, and due to the pattern of interconnection
the use of optical fibers in region 72 would result in a large connecting bundle.
Techniques for fabricating diffused waveguide optical crossovers (crossthroughs)
in a substrate are known in the art and are described, for example, in "Coupling of
Intersecting Ti-LiNbO; Diffused Waveguides”, E. E. Bergmann, L.McCaughan
and J. E. Watson, Applied Optics, Vol. 23, No. 17, September 1, 1984. In order
to avoid losses in connections between the optical splitters/combiners and optical
fibers and to reduce the large size of the bundle of fibers, it has been proposed to
fabricate the entire 4-by-8 switch network on a single substrate, using diffused
waveguides including waveguide crossovers as the interconnections, e.g. 73 in
region 72. Using diffused waveguide crossovers in region 72 results in 168 total
optical crossovers. Further, the path having the most crossovers (the worst case
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path) includes 21 such crossovers. The signal transmission characteristics of such
a device would be limited due to the decrease in signal to noise ratio and added
attenuation of the large number of waveguide crossovers in region 72.

FIG. 5 is a diagram of a 4-by-8 optical switch embodying the present
invention. This 4-by-8 optical switch is fabricated on a single substrate and
employs diffused optical waveguide crossovers in three regions 75, 76, and 77.
As a result, the total number of crossovers is reduced from 168 to 48 and the
number of crossovers in the worst case path is reduced from 21 to 11. This
results in substantial improvements in signal transmission characteristics and
reduces the complexity of the pattern of interconnections in region 72.

FIG. 6 represents another 4-by-8 switch network embodying the
present invention. The switch of FIG. 6 also is fabricated using a single substrate
including optical crossovers in four regions 80 through 83. With the arrangement
of FIG. 6, the total number of crossovers is reduced from 168 to 30 and the
number of crossovers in the worst case path is reduced from 21 to 8 over the
arrangement of FIG. 4. This arrangement offers significant transmission
improvements over the arrangements in both FIG. 4 and 5.

The pattern of connections between switching elements is carefully
selected to limit the number of optical crossovers and retain the nonblocking
characteristics in an optical switch network constructed in accordance with the
present invention. The following discussion relates generally to an N-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 logarithms to the base 2. Initially, the number of
switching stages in an N-by-M network must be determined. The total number of
stages is log N plus log M. Thus, the total number of stages for a 4-by-8 switch
is log 4 plus log 8 =2 + 3=5. The switch network is considered to have an
input side and output side which are separated by region 82 between two stages

M of switch elements. This region 82 is referred to

having the same number

as the center region although it may not actually be in the physical center of the
network. It should be remembered that the terms input and output are used herein
only to distinguish the two sides of the network. As noted earlier, either side of
the network can be an optical input or an optical output. The input stage 84
includes N 1-by-2 optical switch elements and the output stage 88 includes M 2-
by-1 optical switch elements. In FIG. 6 the input stage includes four 1-by-2
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switches 90 through 93 and the output stage includes eight 2-by-1 switches 94
through 101. Preceding from the input(output) toward the center region 82, each

a

stage has two times the number of switch elements as the preceding stage.
Accordingly, second stage 85 includes Nx2=8 1-by-2 switches 102 through 109
and the third stage 86 includes 16 1-by-2 switches, e.g. 112 and 113. Similarly,
the first stage 87 toward the center from output stage 88 includes 2xM=16 switch
elements. Once the number of stages and the number of switching elements per
stage has been calculated, the pattern of connections between these stages must be
determined.

In order to lay out the proper pattern of connections, the elements of
each stage are divided into one or more groups depending on the distance of that
stage from the “center" region, e.g. 782‘. Each group is then connected to an
adjacent associated group which is closer to the center region. Within each pair
of associated groups to be connected, the switch elements of the outermost group
are connected to the associated group such that each outer switch element is
connected to the switch element having the same rank within the associated group
and to the switch element which is one-half of the number of elements in the

associated group from the first connection. The group size for a given connection

.1 . : . . .
between stages is _ZT times the number of switch elements in each stage where i

is the number of prior regi'c_)nsv for which patterns of interconnection have been
determined. ‘Patterns are first determined for the switch stage which is the farthest
from the center region, since this is the first region for which a connection pattern
is to be determined, no prior region has had a pattern determined and i=0. Thus,

the group size for the first region is —210- =1 of the switch elements in the stage,

which is the entire stage. Accordingly, in FIG. 6, the first switch element 93 of
stage 84 (the outermost stage) is connected to the first (the same rank) switch
element 109 of stage 85. Switch element 93 is also connected to switch

element 105 which is one-half of the number of elements in stage 85 (the group)
farther into the stage than switch element 109. Similarly, the second switch
element 92 in stage 84 is connected to the second switch element 108 of stage 85
and to the sixth switch element 104. This pattern of connection continues until all
outputs of stage 84 are connected as inputs to switch elements in stage 85.
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The next stage to have connection patterns determined for it is the
stage which is the farthest from the center region 82 of the network for which 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 determination of connections. However,
interconnection pattern complexity is more uniformly distributed when alternate
sides of the switch network are connected. Accordingly, a pattern of connection is
next determined for region 83. Since one prior region (80) has had a pattern of
connections determined for it, i=1, now and the group size for this region is

Lo e of the number of switch elements of the stages on either side of the

2t 2

region. Accordingly, a first group of four output switch elements 98 through 101
is to be connected to a group of eight switch elements in stage 87 and a second
group of four switch elements 94 through 97 is to be connected to the eight
remaining switch elements in stage 87. The pattern of connections is the same as
before, within the groups. That is, each switch element, e.g. 101 in stage 88 is
connected to a switch element 110 of the same rank in stage 87, and element 111
which is four (one-half of the number of elements in the group) farther down the
stage. .
After connections have been determined for region 83, region 81 is
the farthest region from region 82 for which no connections have been
determined. For this region, the group size is one-fourth of the switch elements in
stages 85 and 86 since two prior regions have had connection patterns determined

;12— = -}T Thus, a group consists of 2 switch elements in stage 85 and 4 switch
elements in stage 86. Similar to before, each switch element of stage 85, e.g. 109
is connected to a switch element 112 of stage 86 having the same rank within the
group and to a switch element 113 of the group which is one-half the number of
switch elements in the group farther into the group. When further equal sized
stages that are the same distance from the center region 82 are encountered, but
not including the two adjacent stages on either side of the center region 82, the

program of alternating sides and connecting continues with each connection

occurring between groups which are % of the number of elements in the stage.

When the input side of the network is to be connected to the output side,
e.g., center region 82, there will always be two equal stages, e.g., 86 and 87 of 1-
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by-2 switch elements on the input side and 2-by-1 switch elements on the output
side. Also, the group size will always have the dimension of two. Each switch
element, e.g., 112 in a given group on each side of region 82 is connected to both
switch elements 110 and 114 of the group on the other side. This completes the
determination of the pattern of connections between the stages of switch elements.
After the pattern is determined, a device can be fabricated by appropriately

placing the optical switch elements required and by diffusing waveguides to give

the appropriate connection pattern between the switch elements, which waveguides
will include optical crossovers.

The preceding description relied on both the number of input ports
and output ports being powers of 2. The present invention can also be used in the
fabrication of switch netwoiks in which the number of input ports and output
portS are not powers of 2. The following is a description of the construction of a
3 by 7 switching network in accordance with the principles of the present
invention. When the number of input ports and/or output ports is not equal to a
power of 2, the number is raised to the next higher power of 2. In the present
example a 3 by 7 network becomes a 4 by 8 network for this step of fabrication.
Next, the arrangement of switch elements and their interconnection pattern is
determined as described above when both N+M were powers of two. This results
in a network as shown and described, with regard 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
removed are the ones interconnected using the largest number of optical
crossovers. With a network laid out as above described, the switch elements
farthest from the middle of the input and output stages should be removed. When
an input switch element, e.g. 90 is removed, all switch elements feeding from that
switch element 90 and their interconnecting waveguides are removed from the
pattern. In the present embodiment, this results in the removal of switch
elements 90, 102, 106 and the four switch elements of stage 86 fed by them.
When an output switch element, e.g. 101 is remove, all the switch elements that
feed into that output switch element and all of tie associated waveguides should

- be removed from the pattern. In the present example, this results in the removal

of switch elements 101, 110 and 111 and their interconnection waveguides. When
these switch elements have been removed, certain switch elements, e. g. 112 have
only one input and one output. Advantageously, these switch elements, e. g 112
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can be replaced with an optical waveguide connecting the single input and the
single output. After the removal of switch elements and connection paths, the
pattern of FIG. 7 remains. A network having the pattern of FIG. 7 can then be
fabricated to provide a 3 by 7 switch network.

In the preceding discussion, the switching n'etworksr were described as
being laid out on a single substrate. It would be possible to fabricate switching
networks on multiple substrates and still gain the advantages of applicant’s
invention by fabricating crossing optical waveguides in the early stages of a
switching network and thereby reducing the total number of path crossovers in the
entire network. Also, the above description relates to optical switch elements
which are actively controllable using electrical signals. The present invention,
however, is not limited to such active type switch elements. For example, some
of the switch elements in the prior example could be replaced with passive signal
splitters or combiners without departing from the spirit and scope of the invention.
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Claims
1. An opti_cal' switching network comprising:
an input stage of optical switch elements fabricated on a substrate,
each switching element of said input stage comprising one input port and two
output ports
an output stage of optical switch elements fabricated on said substrate,
each switch element of said output stage comprising two input ports and one
output port ' ,
at least one additional stage of switch elements fabricated on said
substrate between said input stage and said output stage;
an interconnection region between adjacent ones of said stages; and
a pattern of optical waveguides diffused in said regions for connecting
the input poi’ts and output ports of the switch elements of adjacent ones of said
stages,. said pattern including optical waveguide crossovers diffused in said
substrate. ' R
2. The optical switching network of claim 1 wherein said additional
stages comprises at least two additional stages and said pattern of connection
comprises optical waveguide crossovers in the regions adjacent to said input and
output stages.
3. An optical switching network having N input ports and M output
ports where M and N are non-zero powers of 2 comprising:
a number of switch stages equal to log M plus log N where each stage

is assigned a number from 1 to log M plus log N in sequence from the input ports
to the output ports;

where the stage numbered log M comprises optical 1 by 2

2
switch elements and each stage between the stage log M and the input ports

comprises one-half of the number of 1 by 2 optical switch elements in the next
nearer stage to the stage log M and where the stage numbered (log M)+1

comprises - optical 2 by 1 switch elements and each stage between stage

(log M)+1 and the output ports comprises one-half of the number of 2 by 1
optical switch elements in the next nearer stage to the stage (log M)+1;

interconnection means for interconnecting the M x N outputs of stage
log M to the M x N inputs of stage (log M)+1;
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input interconnection means for connecting the outputs and inputs of
adjacent stages of the stages numbered 1 through log M;

output interconnection means for connecting the outputs and inputs of
adjacent stages of the stages numbered (log M)+1 through log M plus log N;

wherein the connections between at least one of the stages connected
by said input and said output interconnection means comprise optical crossovers
of optical waveguides diffused in a substrate.

4. An optical switching network having N input ports and M output

ports wherein M and N are non-zero powers of 2 comprising:

a number of switch stages equal to log M plus log N where each stage
is assigned a number from 1 to log M plus log N in sequence from the input ports

to the output ports;
MxN

2
elements and each stage between the stage log M and the input ports comprises

one-half of the number of 1 by 2 optical switch elements in the next nearer stage

where stage numbered log M comprises optical 1 by 2 switch

to the stage log M, and where the stage numbered (log M)+1 comprises

optical 2 by 1 switch elements and each stage between stage (log M)+1 and said
output ports comprises one-half of the number of 2 by 1 optical switch elements
in the next nearer stage to the stage (log M)+1 and wherein each optical switch
element in stage log M and stage (log M)+1 is assigned a number in sequence

from 1 through Mxi_l\_I’

first interconnection means connecting stage log M and stage (log
M)+1 such that each odd numbered switch element in stage log M is connected to
a switch element having the same number and the same number +1 in stage (log
M)+i and each even numbered switch element in stage log M is connected to a
switch element having the same number and the same number -11 in stage (log
M)+1; and

second interconnection means, including optical CIOSSOVETS, for
connecting the switch elements in adjacent ones of the remaining stages.

5. The optical switching network of claim 4 where the number of

output ports M is greater than or equal to 4 and wherein stage (log M)-1

comprises groups of two adjacent switch elements and stage log M

comprises groups of four adjacent switch elements and where each group
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of switch elements in stage log M and stage (log M)-1 is assigned a number in

sequence from 1 to and said second interconnection means comprises third

y
interconnection means including optical crossovers for interconnecting stage
(log M)-1 and stage log M such that the first switch element in each group of
switch elements in stage (log M)-1 is connected to the first and third switch
elements of the same numbered group of stage log M and the second switch
element of each group of switch elements in stage (log M)-1 is connected to the
second and the fourth switch elements of the same numbered group in stage
log M.

6. The optical switching network of claim 5 where the number of
input ports N is greater than or equal to 4 and wherein stage (log M)+1 comprises

16 groups of eight switch elements and the stage (log M)+2 comprises T

groups of four switch elements and wherein each group of switch elements in

stages (log M)+1 and (log M)+2 is assigned a number in sequence from 1 to
MxN, '
16 ° ,
said second interconnection means further comprises fourth

interconnection means including optical crossovers for interconnecting stage
(log M)+1 and stage (log M)+2 such that the first switch element of each group of
switch elements in stage (log M)+2 is connected to the first and the fifth switch
element of the same numbered group in stage (log M)+1, the second switch
element of each group of switch clcnic’nts in stage (log M)+2 is connected to the
second and the sixth switch element of the same numbered group in stage
(log M)+1, the third switch element of each group of switch elements in stage
(log M)+2 is connected. to the third and the seventh switch element of the same
numbered group of switch elements in stage (log M)+1 and the fourth switch
element of each group of switch elements in stage (log M)+2 is connected to the
fourth and the eighth switch element of the same numbered group of switch
elements in stage (log M)+1. _

" 7. The optical switching network of claira 4 where the number of
input ports N is greater than or equal to 4 and wherein stage (log M)+2 comprises

g groups of two adjacent switch elements and stage (log M)+1 comprisés

2 groups of four adjacent switch elements and where each group of switch
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elements in stage (log M)+1 and stage (log M)+2 is assigned a number in

N : . . . .
and said second interconnection means comprises third

sequence from 1 to

interconnection means including optical crossovers for interconnecting stage
(log M)+2 and stage (log M)+1 such that the first switch element in each group of
switch elements in stage (log M)+2 is connected to the first and third switch
element of the same numbered group of stage (log M)+1 and the second switch
element of each group of switch elements in stage (log M)+2 is connected to the
second and the fourth switch element of the same numbered group in stage
(log M)+1.

8. The optical switching network of claim 7 where the number of
output ports M is greater than or equal to 4 and wherein stage log M comprises

16 groups of eight switch elements and the stage (log M)-1 comprises T

groups of four switch elements and wherein each group of switch elements in
MxN

stages log M and (log M)-1 is assigned a number in sequence from 1 to T;

and
said second interconnection means further comprises fourth

interconnection means including optical crossovers for interconnecting stage log M
and stage (log M)-1 such that the first switch element of each group of switch
elements in stage (log M)-1 is connected to the first and the fifth switch element
of the same numbered group in stage log M, the second switch element of each
group of switch elements in stage (log M)-1 is connected to the second and the
sixth switch element of the same numbered group in stage log M, the third switch
element of each group of switch elements in stage (log M)-1 is connected to the
third and the seventh switch element of the same numbered group of switch
elements in stage log M and the fourth switch element of each group of switch
elements in stage (log M)-1 is connected to the fourth and the eighth switch
element of the same numbered group of switch elements in stage log M.

9. The method of designing an optical switching network having N
input ports and M output ports where M and N are non-zero powers of 2 and
where N £ M comprising: ’

defining a number of switch stages equal to log M plus log N where
each stage is assigned a number from 1 to log M plus log N in sequence from the
input ports to the output ports, adjacent ones of said stages being separated by



WO 88/07313 _ , PCT/US88/00612

10

15

20

25

30

-14 -

regions, and stage log M and (log M)+1 being separated by a center region;
defining a number of optical switch elements for each of the stages,

where the stage numbered log M comprises optical 1 by 2 switch elements

2
and each stage between the stage log M and the input ports comprises one-half of

the number of 1 by 2 optical switch elements in the next nearer stage to the stage

log M and where the stage (log M)+1 comprises optical 2 by 1 switch

2
elements and each stage between stage (log M)+1 and the output ports comprises

one-half of the number of 2 by 1 optical switch elements in the next nearer stage
to the stage (log M)+1; ' '
defining a sequence of regions comprising a first region adjacent to

the stage having the smallest number of switch elements and continuing toward
the center region for (log M)—(log N) regions and then alternating between the
farthest output i'egion from the center region not yet in the sequence and the
farthest input region from the center region not yet in the sequence until all
regions except the center region have been placed in the sequence;

defining a pattern of connections for each region in the defined
sequence by selecting the regions in the defined sequence,

dividing the stages on each side of the selected region

into groups of switch elements wherein the number of

groups in each stage is given by 311— times the number of

switch elements in the stage, where i is the number of
prior regions for which a pattern of connection has been
determined, and where each group in a stage corresponds
to a group in an adjacent stage and each switch element
has a unique position within the. group; and

determining a pattern of connections between the switch
elements of the two stages séparated_ by the selected
region such that each switch element having a given
position in a given group in the stage farther from the
center region is connected to a switch element héving the
same group position in the corresponding group of the
adjacent stage nearer to the center region and to a switch
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element in the corresponding group having a position

equal to the given position plus one-half of the number of

switch elements in the corresponding group;

determining a pattern of connections between the switch elements of
adjacent stages separated by the center region after all other regions have had a
pattern of connections determined.

10. The method of designing an optical switching network having X

input ports and Y output ports where X <Y comprising:

increasing X to a number N, when X is not a power of 2, N being the

next highest power of 2 to X;
increasing Y to a number M, when Y is not a power of 2, M being

the next highest power of 2 to Y;
defining a number of switch stages equal to log M plus log N where
each stage is assigned a number from 1 to log M plus log N in sequence from the
input ports to the output ports, adjacent ones of said stages being separated by
regions, and stage log M and (log M)+1 being separated by a center region;
defining a number of optical switch elements for each of the stages,

N optical 1 by 2 switch elements

where the stage numbered log M comprises >

and each stage between the stage log M and the input ports comprises one-half of
the number of 1 by 2 optical switch elements in the next nearer stage to the stage

log M and where the stage (log M)+1 comprises optical 2 by 1 switch

2
elements and each stage between stage (log M)+1 and the output ports comprises
one-half of the number of 2 by 1 optical switch elements in the next nearer stage
to the stage (log M)+1;

' defining a sequence of regions comprising a first region adjacent to
the stage having the smallest number of switch elements and continuing toward
the center region for (log M)-(log N) regions and then alternating between the
farthest output region from the center region not yet in the sequence and the
farthest input region from the center region not yet in the sequence until all
regions except the center region have been placed in the sequence;

defining a pattern of connections for each region in the
defined sequence by selecting the regions in the defined

sequence,
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dividing the stages on each side of the selected region into groups of

switch elements wherein the number of groups in each stage is given by —;T times

the number of switch elements in the stage, where i is the number of prior regions
for which a pattern of connection has been determined, and where each group in a
stage correspor{ds toa group in an adjacent stage and each switch element has a
unique position with the group; and '

determining a pattern of connections between the switch elements of
the two stages separated by the selected region such that each switch element
having a given position in a given grdup in the stage farther from the center
region is connected to a switch element having the same group position in the
corresponding group of the adjacent stage nearer to the center stage and to a
switch element in the corresponding group having a position equal to the given
position plus one-half of the numbet of switch elements in the corresponding
group;

' determining a pattern of connections between the switch elements of
the adjacent stages separated by the center region after all other re'gions have had
a pattern of connections determined; _

deleting N-X switch elements in stage number 1 and deleting each
switch element in stages numbered 2 through log M which is connected to receive
signals from the deleted switch elements in stage 1; and

deleting M-Y switch elements in stage (log M)+(log N) and deleting
each switch element in stages (log M)+1 to (log M)+(log N)-1 which is connected
to provide signals to the switch elements deleted from stage (log M)+(log N).

~ 11. The method of designing of claim 10 further comprising the step

of replacing each switch element having only one input connection and one output

‘connection with a wavegxiide between that input connection and that output

connection.
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