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OPTICALLY-ADDRESSABLE OPTICAL SWITCH

BACKGROUND

Technical Field

This application is directed to an optical switch and, in particular,

an optical switch that outputs an optical signal on a selected optical fiber.

Description of the Related Art

Conventional optical switches output an optical signal on one of a
plurality of optical outputs. The optical output is typically selected by electrical
means. For example, the optical switch may include a communications port,
such as a universal serial bus (USB) port or a modem that is used to receive an
electrical signal that directs the optical switch to select a particular optical
output. However, selecting the optical output in this manner increases the
complexity of the optical switch and devices to which the optical switch may be
connected. The optical switch is required to include a dedicated
communications device for receiving the optical output selection. Additionally,
devices such as an optical time-domain reflectometer (OTDR) testing device
with which the optical switch is connected are also required to include a
dedicated communications device to provide the optical output selection to the
optical switch.

The complexity of operating the optical switch and the testing
device is also increased (for example, to test optical fibers of an optical fiber
cable coupled to the optical switch). Personnel operating the optical switch and
the testing device are required, in many circumstances, to both electrically

couple and optically couple the testing device to the optical switch.
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BRIEF SUMMARY

In an embodiment, an optical switch includes a splitting device
having an input, and at least two outputs including a first output, and a second
output. The splitting device is configured to receive, at the input, an optical
signal having a plurality of portions including a first portion and a second
portion, and output the first and second portions of the optical signal
respectively at the first and second outputs. The optical switch includes an
optical detector having an input optically coupled to the first output of the
splitting device, and an output. The optical detector is configured to receive the
first portion of the optical signal at the input, generate an electronic signal
representative of information in the first portion of the optical signal, and
transmit the electronic signal at the output.

The optical switch includes a controller having an input coupled to
the output of the optical detector, and an output. The controller is configured to
receive, at the input, the electronic signal representative of information in the
first portion of the optical signal, determine an address of a plurality of
addresses based on the electronic signal, and transmit, at the output, a control
signal indicating the determined address. The optical switch includes a switch
having an optical input optically coupled to the second output of the splitting
device, a control input coupled to the output of the controller, and a plurality of
optical outputs respectively associated with the plurality of addresses. The
switch is configured to receive the second portion of the optical signal at the
optical input, receive, at the control input, the control signal indicating the
determined address, and output the second portion of the optical signal via an
optical output of the plurality of optical outputs associated with the determined
address.

In an embodiment, the first portion of the optical signal is
modulated to specify an address of a respective optical output. In an
embodiment, the splitting device is configured to output the first and second

portions of the optical signal at both the first and second outputs, the optical
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detector is configured to receive the first and second portions of the optical
signal at the input, generate the electronic signal representative of information
in the first and second portions of the optical signal, the controller is configured
to receive the electronic signal representative of information in the first and
second portions of the optical signal, and determine the address based on the
electronic signal, and the switch is configured to receive the first and second
portions of the optical signal.

In an embodiment, the optical switch includes an optical
connector having a plurality of optical connections respectively optically coupled
to the plurality of optical outputs of the switch. In an embodiment, the second
portion of the optical signal includes optical data for testing an optical fiber
optically coupled to the optical output of the plurality of optical outputs. In an
embodiment, the optical detector receives the first portion of the optical signal
over a first time period starting on or after a commencement of reception of the
optical signal and, based on reception of the first portion of the optical signal
during the first time period, the optical detector determines that the first portion
of the optical signal is carrying the address and outputs the electronic signal
representative of information in the first portion of the optical signal.

In an embodiment, the first portion of the optical signal precedes
the second portion of the optical signal. In an embodiment, the first portion of
the optical signal has a first wavelength and the second portion of the optical
signal has a second wavelength different from the first wavelength. In an
embodiment, the optical detector is configured to determine that the first portion
of the optical signal has the first wavelength, and in response to determining
that the first portion of the optical signal has the first wavelength, determine that
the first portion of the optical signal is carrying an address and output the
electronic signal representative of information in the first portion of the optical
signal.

In an embodiment, the first portion of the optical signal is a first

type of light signal and the second portion of the optical signal is a second type
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of light signal different from the first type of light signal. In an embodiment, at
least one of the first type and second type is at least one of laser light or
monochromatic light. In an embodiment, the optical detector is configured to
determine that the first portion of the optical signal is the first type of light signal
and, in response to determining that the first portion of the optical signal is the
first type of light signal, determine that the first portion of the optical signal is
carrying an address and output the electronic signal representative of
information in the first portion of the optical signal.

In an embodiment, an optical switch includes a splitting device
having an input, a first output, and a second output. The splitting device is
configured to receive, at the input, a first optical signal and a second optical
signal, and output the first and second optical signals at the first and second
outputs, respectively. The optical switch includes an optical detector having an
input optically coupled to the first output of the splitting device, and an output.
The optical detector is configured to receive the first optical signal at the input,
generate an electronic signal representative of information in the first optical
signal, and transmit the electronic signal at the output. The optical switch
includes a controller having an input coupled to the output of the optical
detector, and an output. The controller is configured to receive, at the input, the
electronic signal representative of information in the first optical signal,
determine an address of a plurality of addresses based on the electronic signal,
and transmit, at the output, a control signal indicating the determined address.

The optical switch includes a switch having an optical input
optically coupled to the second output of the splitting device, a control input
coupled to the output of the controller, and a plurality of optical outputs
respectively associated with the plurality of addresses. The switch is
configured to receive the second optical signal at the optical input, receive, at
the control input, the control signal indicating the determined address, and
output the second optical signal via an optical output of the plurality of optical

outputs associated with the determined address.
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In an embodiment, the switch includes a microelectromechanical
system (MEMS) mirror that is directable to reflect the first and second optical
signals to the optical output of the plurality of optical outputs associated with the
determined address. In an embodiment, the optical switch includes a plurality
of connectors each having a respective set of optical connections of a plurality
of sets of optical connections. An optical connection of the plurality of sets of
optical connections is optically coupled to an optical output of the plurality of
optical outputs.

In an embodiment, a method includes receiving, via an optical
input, a first optical signal, determining, based on the first optical signal, an
address of an optical connection, where the address is one of a plurality of
addresses respectively corresponding to a plurality of optical connections,
receiving, via the optical input, a second optical signal subsequent to the first
optical signal, and outputting the second optical signal to an optical connection
of the plurality of optical connections corresponding to the determined address.

In an embodiment, the first optical signal is modulated to specify
the address of the optical connection. In an embodiment, the first optical signal
is modulated using at least one of on-off keying, frequency shift keying, and
pulse width modulation to specify the address. In an embodiment, the second
optical signal includes optical data for testing an optical fiber optically coupled
to the optical connection of the plurality of optical connections. In an
embodiment, a wavelength of the first optical signal is different than a
wavelength of the second optical signal. In an embodiment, a light source used
to transmit the first optical signal is different than a light source used to transmit

the second optical signal.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 shows a block diagram of an optical switch in

accordance with at least one embodiment.
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Figure 2 shows an example of an optical signal for optically
addressing the optical switch.

Figure 3 shows an environment for testing an optical fiber cable.

Figure 4 shows an optical switch having a plurality of optical
output connectors.

Figure 5 shows an optical switch in accordance with at least one
embodiment.

Figure 6 shows a block diagram of an optical switch in

accordance with at least one embodiment.

DETAILED DESCRIPTION

Figure 1 shows a block diagram of an optical switch 100 in
accordance with at least one embodiment. The optical switch 100 comprises
an optical input connector 102, a splitting device 104, an optical detector 105, a
controller 106, an optical switching device 108, and an optical output connector
110.

The optical input connector 102 has an input 112 and an output.
The input 112 may be optically coupled to an optical fiber 114. The splitting
device 104 has an input and first and second outputs. The input of the splitting
device 104 is optically coupled to the output of the optical input connector 102.

The optical detector 105 has an input coupled to the first output of
the splitting device 104 and an output. The controller 106 has an input
electrically coupled to the output of the optical detector 105 and an output. The
optical switching device 108 has an optical input optically coupled to the second
output of the splitting device 104. The optical switching device 108 has an
electrical input electrically coupled to the output of the controller 106. The
optical switching device 108 also has a plurality of optical outputs.

The optical output connector 110 has a plurality of optical
connections 1164_, (singularly referred to herein as optical connection 116)

respectively optically coupled to the plurality of optical outputs of the optical
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switching device 108. The optical output connector 110 may be connected with
an optical connector 118. The optical connector 118 may have a plurality of
optical fibers 1204_, coupled thereto (singularly referred to herein as optical
fiber 120).

The optical connector 118 and the optical output connector 110
may be any one of various types of connectors, such as multifiber push-on
(MPQ) connectors. The optical connector 118 and the optical output connector
110 may be compliant with one another such that, for example, they are sized
and dimensioned to be connected with one another. When connected, the
plurality of optical fibers 120 (or end faces thereof) of the optical connector 118
are optically connected to the plurality of optical connections 116 of the optical
output connector 110. The two pluralities of optical fibers 1204_,, 1164_, are
axially aligned such that an optical wave traversing an optical connection 116 is
received in an optical fiber 120 and vice-versa.

The optical switch 100 is connected at its optical input connector
102 to the optical fiber 114. The optical switch 100 receives an optical signal
traversing the optical fiber 114. The optical switch 100 selects between any
one of the plurality of optical connections 1164, of its optical output connector
110 and outputs the received optical signal on the selected optical connection.
During the course of operation, the optical switch 100 may change or switch the
optical connection 116 on which the optical signal is output.

The optical switch 100 is optically-addressable. The plurality of
optical connections 1161_, have a respective plurality of addresses. The optical
switch 100 receives an address of an optical connection 116 of the plurality of
optical connections 1164_,. In accordance with embodiments disclosed herein,
the address may be communicated to the optical switch 100 using the optical
signal received by the optical input connector 102. Upon analyzing the optical
signal and detecting the address, the optical switch 100 outputs the optical

signal on the optical connection 116 having the detected address.
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Figure 2 shows an example of an optical signal 200 for optically
addressing the optical switch 100. The optical signal 200 comprises a first
portion 202 and a second portion 204. The first portion 202 includes an
address. The second portion 204 is shown in Figure 2 to include general
purpose data. The address included in the first portion 202 is associated with
one of the plurality of optical connections 1164_,. The first portion 202 of the
optical signal 200 may temporally precede the second portion 204. The first
portion 202 may be immediately before the second portion 204 or the first
portion 202 may be separated from the second portion 204 by one or more
intervening packets of data.

To allow for distinguishing or discriminating between the first
portion 202 and the second portion 204 of the optical signal 200, the first and
second portions 202, 204 may be transmitted over different time intervals. For
example, the first portion 202 may be transmitted over a first period of time
commencing on or after a beginning of the transmission of the optical signal
200. The second portion 204 may be transmitted subsequent to the first portion
202.

The first portion 202 may be modulated using any modulation
technique, such as on-off keying, frequency shift keying, pulse width
modulation, amplitude modulation (AM), frequency modulation (FM), phase shift
keying (PSK), amplitude shift keying (ASK), and quadrature amplitude
modulation (QAM) to communicate the address. The modulation of the first
portion 202 may be used to indicate or signal the address. For example, on-off
keying of the first portion 202 may be used to signal the address of the desired
optical connection 116.

Even though the address is described herein as being in the first
portion 202 of the optical signal 200, the address and the general purpose data
may be included in separate signals, whereby, for example, a first signal may

be address-carrying and a second signal may carry the general purpose data
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for outputting at the optical connection 116 having the address carried in the
first signal.

In some embodiments, the first portion 202 may only be included
in the optical signal 200 when an address associated with one of the plurality of
optical connections 1164_, changes. For example, if the same optical fiber is
tested, there may not be a need to transmit the first potion 202 before every
packet including test data.

To allow for distinguishing or discriminating between the first
signal and the second signal, the two signals may be transmitted at different
times or using different light sources. For example, any one of the signals may
be transmitted using laser light, whereas another may be transmitted using a
monochromatic light or a light emitting diode (LED). Alternatively or
additionally, the two signals may have different wavelengths. Thus, the
address-carrying first signal and the general purpose data-carrying second
signal may be individually or uniquely identified by the optical switch 100 by
their respective wavelength or respective type of light signal used in signal
transmission.

Referring back to Figure 1, the optical switch 100 receives the first
portion 202 of the optical signal 200 over the input 112 of the optical input
connector 102. The optical input connector 102 outputs the first portion 202 to
the splitting device 104.

The splitting device 104 may in various embodiments be an
optical splitter, a bent optical fiber, a wavelength division multiplexor (WDM) or
a circulator. The splitting device 104 may be any type of device configured to
receive a signal and output two or more versions or replicas of the received
signal. An optical splitter, also known as a beam splitter, may have any type of
coupling ratio, such as 50:50, 5:95 or 1:99. The coupling ratio represents the
power of each output signal of the optical splitter as a percentage of the power
of the input signal. For example, an optical splitter with a coupling ratio of 50:50

outputs two optical signals, each having half the power of the input optical
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signal. The optical splitter with a coupling ratio of 50:50 is referred to as a 3
decibel (dB) optical splitter due to the fact that the power of the output signal is
halved or reduced by 3dB in relation to the power of the input signal.

Alternatively, the splitting device 104 may be a bent optical fiber.
Due to the bending part of the optical signal traversing the bent optical fiber will
exit the optical fiber and is provided to the optical detector 105. The remainder
of the optical signal, whose power is reduced due to the escaping signal, is
provided to the optical switching device. Similar to the optical splitter, the bent
optical fiber outputs at least two versions or replicas of the optical signal, each
having reduced power compared to the received signal.

The splitting device 104 may be a wavelength division multiplexor
that has an input and two or more outputs. The wavelength division multiplexor
receives an optical signal over the input. The wavelength division multiplexor
selects, based on a wavelength of the received signal, an output. The
wavelength division multiplexor outputs the received signal over the selected
output. For example, a received optical signal having a first wavelength may be
output over a first output and not the second output, whereas a received optical
signal having a second wavelength different from the first wavelength may be
output over a second output and not the first output. Unlike the optical splitter
or the bent optical fiber, which reduce the power of the output optical signal, the
optical signal output by the wavelength division multiplexor has the same power
as the input signal. The wavelength division multiplexor selects an output and
outputs the optical signal over the selected output based on the wavelength of
the optical signal.

Accordingly, if the address-carrying first portion 202 of the optical
signal 200 has a first wavelength and the second portion 204 has a second
wavelength different from the first wavelength, the wavelength division
multiplexor outputs the first portion 202 over a first output different from a

second output used for outputting the second portion 204. The first output may

10
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be optically coupled to an input of the optical detector 105. The second output
may be optically coupled to an input of the optical switching device 108.

The splitting device 104 outputs a split version the first portion 202
of the optical signal 200 to the optical detector 105. The optical detector 105,
which is also known as an optical transducer or electro-optical sensor, may be
any type of device that is configured to convert an optical signal to a
representative electronic signal. As such, the optical detector 105 may have
the reverse function of a light emitter.

The optical detector 105 receives the first portion 202 and outputs
an electronic signal representative of information, such as an address, included
in the first portion 202. The controller 106 receives the electronic signal. The
controller 106 determines, based on the electronic signal, the address carried
by the electronic signal. For example, the first portion 202 of the optical signal
200 may be modulated using on-off keying, frequency shift keying or pulse
width modulation, and the output electronic signal will represent the modulated
information of the first portion 202.

Based on the address information represented in the electronic
signal, the controller 106 outputs a control signal representing the address to
the optical switching device 108. The control signal may instruct the optical
switching device 108 to begin outputting a received optical signal to the optical
connection 116 associated with the address.

The optical switching device 108 may, for example, be a
microelectromechanical system (MEMS) optical switch having a mirror that is
controlled to deflect the received optical signal to a specific optical connection
116. The optical switching device 108 receives the control signal over its
electronic input. The optical switching device 108 also receives a split version
of the optical signal 200 over its optical input that is optically coupled to the
second output of the splitting device 104. In response to receiving the control
signal, the optical switching device 108 outputs the received optical signal 200

to the optical connection 116 associated with the address. For example, if prior
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to receiving the control signal, the optical switching device 108 was outputting
the received optical signal 200 to another optical connection 116, the optical
switching device 108 will switch the optical communication path from its optical
input to the optical connection 116 associated with the address determined
based on the first portion 202 of the optical signal 200.

In various embodiments, the transmission of the second portion
204 of the optical signal 200 may be timed to allow switching to the addressed
optical connection 116 to be completed. Following receipt of the first portion
202 of the optical signal 200, the controller 106 and the optical switching device
108 may require some time to switch to the addressed optical connection 116.
The transmission of the second portion 204 may be timed or appropriately
delayed such that switching to the addressed optical connection 116 is
completed in time for receiving the second portion 204. Thus, the entirety of
the second portion 204 will be output to the addressed optical connection 116.
The possibility of outputting the second portion 204, or a part thereof, over
another optical connection 116 (prior to completing the switching) is reduced.

The optical switch 100 may be used to conveniently and efficiently
test a plurality of optical fibers of an optical fiber cable. Optical addressing of
the optical switch 100 may be used to switch between the plurality of optical
fibers under examination. That alleviates the need to mechanically connect and
disconnect a test device or connector thereof to each optical fiber of the optical
fiber cable to perform the test.

It is noted that in various embodiments the optical switch 100 may
not include the optical input connector 102 or the optical output connector 110.
For example, the optical switch 100 may be permanently connected to one or
more input optical fibers and one or more output optical fibers.

In some embodiments, the controller 106 may be wirelessly
connected to the optical switching device 108. The controller 106 may be
connected to the optical switching device 108 wusing any type of

communications protocol, such as Bluetooth® or an Institute of Electrical and
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Electronic Engineers (IEEE) 802 protocol. The controller 106 may wirelessly
transmit the control signal representing the address to the optical switching
device 108.

In some embodiments, the splitting device 104 may be
incorporated in the optical switching device 108. For example, the optical
switching device 108 may include a built-in splitting device that is fabricated
together with the optical switching device 108. Further, the optical switching
device 108 may also include the optical detector 105. The optical switching
device 108 may also include control logic for determining the address included
in the first portion 202 of the optical signal 200. The control logic may
command the optical switching device 108 to output the optical signal 200 to an
optical connection 116 associated with the determined address.

Figure 3 shows an environment for testing an optical fiber cable
300. The environment includes a testing device 304, the optical switch 100 and
the optical fiber cable 300. The optical fiber cable 300 is terminated at a cable
connector 302.

The testing device 304 may be any type of device that performs
optical tests, such as an optical loss test set (OLTS), among others. For
example, the testing device 304 may be an optical time-domain reflectometer
(OTDR), among others. The testing device 304 may perform insertion loss or
optical return loss test on optical fiber. Further, the testing device 304 may be
used to determine the length of the optical fiber.

The testing device 304 outputs an optical signal with data
modulated thereon through a testing device optical fiber 306 terminated at a
connector 308. The connector 308 is connected to the optical input connector
102 of the optical switch 100. The connector 302 of the optical fiber cable 300
under test is connected to the optical output connector 110 of the optical switch
100.

To test the plurality of optical fibers of the optical fiber cable 300,

the testing device 304 transmits a respective plurality of optical signals through
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the testing device optical fiber 306. A first optical signal of the plurality of
optical signals includes a first portion (such as the first portion 202 described
with reference to Figure 2) that indicates an address associated with a first
optical connection 1164 of the plurality of optical connections 1164_, over which
a second portion 204 of the first optical signal containing test data is to be
output.

In response to receiving the first portion, the optical switch 100
outputs the second portion 204 of the optical signal 200 over the selected
optical connection 116. The second portion 204 includes test data. The testing
device 304 uses the optical signal bearing the test data to test a corresponding
first optical fiber of the optical fiber cable 300 that is connected to the first
optical connection 116.

Upon completing the test, the testing device 304 tests a second
optical fiber of the optical fiber cable 300. The testing device 304 outputs a
second optical signal over the testing device optical fiber 306. Similar to the
first optical signal, the second optical signal includes a first portion specifying an
address of a second optical connection 116, of the plurality of optical
connections 1164_,. The second portion 204 includes test data for testing the
second optical fiber of the optical fiber cable 300 that is optically coupled to the
second optical connection 116,.

In a similar manner, the testing device 304 sequentially tests all of
the plurality of optical fibers of the optical fiber cable 300. Once the plurality of
optical fibers of the optical fiber cable 300 are tested, the connector 302 of the
optical fiber cable 300 may be disconnected from the optical output connector
110 of the optical switch 100. Another cable or connector thereof may then be
connected to the optical switch 100 and a similar test may be run on the other
cable.

The optical switch 100 is advantageous in that it allows testing of
all the optical fibers of the cable 300 without a need to connect and disconnect

the connector 308 of the testing device 304 to each individual optical fiber
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under test. This saves time of the personnel operating the testing device 304
and reduces wear on the connector 308 of the testing device 304.

Optical cables and connectors may be compliant with one of a
variety of industry standards and specifications that dictate, among others, the
number and arrangement of optical connections associated with a cable or
connector. For example, some connectors may have one row of eight
connections, whereas other connectors may have one row of twelve
connections or two rows of twelve connections each. As described herein, the
optical switch 100 may have multiple optical output connectors. The optical
output connectors and their optical connections may both be optically
addressable.

It is noted that to perform an OLTS, a second testing device (not
shown) may be coupled to the far end of the tested optical fiber of the optical
fiber cable 300. The second testing device may be coupled to the far end of the
optical fiber cable 300 via a second optical switch. The second optical switch
may detect the optical signal transmitted over the tested optical fiber of the
optical fiber cable 300. The second optical switch may determine the address
based on the optical signal. The second optical switch may output, to the
second testing device, data received over the optical connection associated
with the address. Both the optical switch 100 and the second optical switch
may use the same addressing convention for the optical connections. Utilizing
the same addressing convention advantageously allows controlling both optical
switches using the same address-carrying optical signal.

Figure 4 shows an optical switch 400 having a plurality of optical
output connectors 402, 404, 406. The optical switch 400 includes an optical
input connector 102 having an optical input 112. Each optical output connector
402, 404, 406 has a respective plurality optical connections. A first optical
output connector 402 has a first plurality of optical connections 4121_, shown in
Figure 4 to be one row of eight optical connections. A second optical output

connector 404 has a second plurality of optical connections 4144_, shown to be
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one row of twelve optical connections, and a third optical output connector 406
has a third plurality of optical connections 416+, shown to be two rows each
having twelve optical connections. Each optical connection of the plurality of
optical connections 4124, 4144_,, 4164_, may be uniquely addressable within
the optical switch 400. The optical switch 400 may be used to test various
types of optical cables having various types of connections.

In the example in Figure 4, eight addresses may be respectively
assigned to the first plurality of optical connections 4124_, of the first optical
output connector 402, twelve addresses may be respectively assigned to the
second plurality of optical connections 4144_, of the second optical output
connector 404 and twenty four addresses may be respectively assigned to the
third plurality of optical connections 4164_, of the third optical output connector
406. Depending on the optical output connector 402, 404, 406 used to connect
to an optical fiber cable under testing, a corresponding optical address for a
desired optical connection may be provided in the first portion 202 of a
transmitted optical signal 200.

Figure 5 shows an optical switch 500 in accordance with at least
one embodiment. The optical switch 500 includes a plurality of optical input
fibers 502, a plurality of optical output fibers 504, an optical switching device
506, and an optical detector 508. The optical switching device 506 includes a
microelectromechanical system (MEMS) mirror 510, a controlling substrate 512
for controlling the MEMS mirror 510, and a splitting device 514. Although two
optical input fibers 502 and two optical output fibers 504 are shown in Figure 5,
any number of optical input fibers or optical output fibers may be used without
departing from the scope of the description herein. Each optical output fiber of
the plurality of optical output fibers 504 is associated with a respective address
of a plurality of addresses.

The optical switch 500 receives an optical signal 516 over an
optical input fiber of the plurality of optical input fibers 502. The optical switch
500 outputs the optical signal 516 over an output optical fiber of the plurality of
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optical output fibers 504 based on an address detected in the optical signal
516. The MEMS mirror 510 of the optical switching device 506 reflects the
received optical signal 516 to the desired optical output fiber of the plurality of
optical output fibers 504. The placement of the MEMS mirror 510 (i.e., the angle
that the MEMS mirror 510 makes with an axis) determines the optical output
fiber over which the optical signal 516 is output. The MEMS mirror 510 is
directable by the controlling substrate 512.

Upon receiving the optical signal 516, the splitting device 514
splits the optical signal 516 into two optical signals 516, 516”. As described
herein, the two optical signals 516’, 516” may be versions or replicas of the
received optical signal 516. However, each optical signal of the two optical
signals 516’, 516” may have a lower power level than the received optical
signal 516. A first split optical signal 516’ is provided to the optical detector 508
and a second split optical signal 516" is provided to the MEMS mirror 510.

The optical detector 508 converts the first split optical signal 516’
to an electronic signal 522 and outputs the electronic signal 522 to the optical
switching device 506. The electronic signal 522 is representative of information
communicated in the first split optical signal 516’. As described herein, the first
split optical signal 516’ includes a first portion (described with reference to
Figure 2 herein). The first portion specifies an address of the output optical fiber
of the plurality of output optical fibers 504.

The optical switching device 506 receives the electronic signal
522 from the optical detector 508. The controlling substrate 512 of the optical
switching device 506 determines the address based on the electronic signal
522. The controlling substrate 512 positions the MEMS mirror 510 in
accordance with the determined address. The controlling substrate 512
positions the MEMS mirror 510 such the MEMS mirror 510 outputs the second
split optical signal 516” to the optical output fiber associated with the

determined address.
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It is noted that the optical splitting device 104 may not
discriminate or distinguish between the first portion 202 and second portion 204
of the optical signal 200 and may output both portions 202, 204 to both the
optical detector 105 and the optical switching device 108. Similarly, the optical
detector 105 may output an electronic signal representative of both portions
202, 204 to the controller 106. The controller 106 may determine the address
based on the first portion 202. Furthermore, the optical switching device 108
may output both portions 202, 204 on an optical connection 116 associated with
the address included in the first portion 202.

Figure 6 shows a block diagram of an optical switch 600 in
accordance with at least one embodiment. Elements of the optical switch 600
similar to those of the optical switch 100 described with reference to Figure 1
have the same reference numerals. The optical switch 600 includes a light
source 602, which may be an LED or a laser.

The optical detector 105 has an input optically coupled to the
output of the optical input connector 102. The controller 106 has an input
electrically coupled to the output of the optical detector 105 and first and
second outputs. The first output of the controller 106 is electrically coupled to
an input of the light source 602. The second output of the controller 106 is
electrically coupled to the electrical input of the optical switching device 108.
The light source 602 has an output optically coupled to the optical input of the
optical switching device 108.

The optical detector 105 receives the optical signal 200 and
outputs an electronic signal representative of the optical signal 200 to the
controller 106. The controller 106 receives the electronic signal. The controller
106 determines, based on the electronic signal, the address carried by the
electronic signal. The controller 106 may determine the address based on the
first portion 202 of the optical signal 200. The controller 106 outputs a control
signal representing the address to the optical switching device 108. The control

signal may instruct the optical switching device 108 to begin outputting a
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received optical signal to the optical connection 116 associated with the
address.

The controller 106 then outputs an electronic signal representative
of the second portion 202 of the optical signal 200 to the light source 602. The
light source 602 receives the electronic signal representative of the second
portion 202 of the optical signal 200. The light source 602 converts the
electronic signal into an optical signal and outputs the optical signal to the
optical switching device 108. The optical switching device 108 outputs the
optical signal to the optical connection 116 associated with the address
received from the controller 106.

U.S. patent application Serial No.15/290,807, filed October 11,
2016, is incorporated herein by reference in its entirety.

It should be appreciated that the various embodiments described
above can be combined to provide further embodiments. These and other
changes can be made to the embodiments in light of the above-detailed
description. In general, in the following claims, the terms used should not be
construed to limit the claims to the specific embodiments disclosed in the
specification and the claims, but should be construed to include all possible
embodiments along with the full scope of equivalents to which such claims are

entitled. Accordingly, the claims are not limited by the disclosure.

19



WO 2018/071560 PCT/US2017/056169

CLAIMS

1. An optical switch, comprising:

a splitting device having an input, and at least two outputs
including a first output, and a second output, the splitting device being
configured to:

receive, at the input, an optical signal having a plurality of
portions including a first portion and a second portion, and

output the first and second portions of the optical signal
respectively at the first and second outputs;

an optical detector having an input optically coupled to the first
output of the splitting device, and an output, wherein the optical detector is
configured to:

receive the first portion of the optical signal at the input,

generate an electronic signal representative of information
in the first portion of the optical signal, and

transmit the electronic signal at the output;

a controller having an input coupled to the output of the optical

detector, and an output, wherein the controller is configured to:

receive, at the input, the electronic signal representative of
information in the first portion of the optical signal,

determine an address of a plurality of addresses based on
the electronic signal, and

transmit, at the output, a control signal indicating the
determined address;

a plurality of optical output connectors having a respective
plurality of optical connections organized in arrays of different array sizes, the
plurality of optical connections having a respective plurality of connector optical

inputs and connector optical outputs; and
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a switch having an optical input optically coupled to the second
output of the splitting device, a control input coupled to the output of the
controller, and a plurality of optical outputs respectively coupled to the plurality
of connector optical inputs of the plurality of optical connections and
respectively associated with the plurality of addresses, the switch being
configured to:

receive the second portion of the optical signal at the
optical input,

receive, at the control input, the control signal indicating the
determined address, and

output the second portion of the optical signal via an optical

output of the plurality of optical outputs associated with the determined address.

2. The optical switch of claim 1, wherein the first portion of the

optical signal is modulated to specify an address of a respective optical output.

3. The optical switch of claim 1, wherein the splitting device is
configured to output the first and second portions of the optical signal at both
the first and second outputs, the optical detector is configured to receive the
first and second portions of the optical signal at the input, generate the
electronic signal representative of information in the first and second portions of
the optical signal, the controller is configured to receive the electronic signal
representative of information in the first and second portions of the optical
signal, and determine the address based on the electronic signal, and the

switch is configured to receive the first and second portions of the optical signal.

4. The optical switch of claim 1, wherein the second portion of
the optical signal includes optical data for testing an optical fiber optically
coupled to an optical output connector of the plurality of optical output

connectors.
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. The optical switch of claim 1, wherein the optical detector
receives the first portion of the optical signal over a first time period starting on
or after a commencement of reception of the optical signal and, based on
reception of the first portion of the optical signal during the first time period, the
optical detector determines that the first portion of the optical signal is carrying
the address and outputs the electronic signal representative of information in

the first portion of the optical signal.

6. The optical switch of claim 1, wherein the first portion of the

optical signal precedes the second portion of the optical signal.

7. The optical switch of claim 1, wherein the first portion of the
optical signal has a first wavelength and the second portion of the optical signal

has a second wavelength different from the first wavelength.

8. The optical switch of claim 7, wherein the optical detector is
configured to determine that the first portion of the optical signal has the first
wavelength, and in response to determining that the first portion of the optical
signal has the first wavelength, determine that the first portion of the optical
signal is carrying an address and output the electronic signal representative of

information in the first portion of the optical signal.

9. The optical switch of claim 1, wherein the first portion of the
optical signal is a first type of light signal and the second portion of the optical
signal is a second type of light signal different from the first type of light signal,
wherein at least one of the first type and second type is at least one of laser

light or monochromatic light.

10.  The optical switch of claim 9, wherein the optical detector is

configured to determine that the first portion of the optical signal is the first type

22



WO 2018/071560 PCT/US2017/056169

of light signal and, in response to determining that the first portion of the optical
signal is the first type of light signal, determine that the first portion of the optical
signal is carrying an address and output the electronic signal representative of

information in the first portion of the optical signal.

11.  An optical switch, comprising:
a splitting device having an input, a first output, and a second
output, the splitting device being configured to:
receive, at the input, a first optical signal and a second
optical signal, and
output the first and second optical signals at the first and
second outputs, respectively;
an optical detector having an input optically coupled to the first
output of the splitting device, and an output, wherein the optical detector is
configured to:
receive the first optical signal at the input,
generate an electronic signal representative of information
in the first optical signal, and
transmit the electronic signal at the output;
a controller having an input coupled to the output of the optical
detector, and an output, wherein the controller is configured to:
receive, at the input, the electronic signal representative of
information in the first optical signal,
determine an address of a plurality of addresses based on
the electronic signal, and
transmit, at the output, a control signal indicating the
determined address;
a plurality of optical output connectors having a respective

plurality of optical connections organized in arrays of different array sizes, the
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plurality of optical connections having a respective plurality of connector optical
inputs and connector optical outputs; and
a switch having an optical input optically coupled to the second

output of the splitting device, a control input coupled to the output of the
controller, and a plurality of optical outputs respectively coupled to the plurality
of connector optical inputs of the plurality of optical connections and
respectively associated with the plurality of addresses, the switch being
configured to:

receive the second optical signal at the optical input,

receive, at the control input, the control signal indicating the
determined address, and

output the second optical signal via an optical output of the

plurality of optical outputs associated with the determined address.

12.  The optical switch of claim 11, wherein the switch includes
a microelectromechanical system (MEMS) mirror that is directable to reflect the
first and second optical signals to the optical output of the plurality of optical

outputs associated with the determined address.

13. A method, comprising:

receiving, via an optical input, a first optical signal;

determining, based on the first optical signal, an address of an
optical connection, the address being one of a plurality of addresses
respectively corresponding to a plurality of optical connections;

receiving, via the optical input, a second optical signal subsequent
to the first optical signal; and

outputting the second optical signal to an optical connection of the
plurality of optical connections corresponding to the determined address, the

plurality of optical connections being respectively optically coupled to a plurality
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of connector optical inputs of a plurality of optical connectors organized in

arrays of different array sizes.

14. The method of claim 13, wherein the first optical signal is

modulated to specify the address of the optical connection.

15. The method of claim 14, wherein the first optical signal is
modulated using at least one of on-off keying, frequency shift keying, and pulse

width modulation to specify the address.

16. The method of claim 13, wherein the second optical signal
includes optical data for testing an optical fiber optically coupled to the optical

connection of the plurality of optical connections.

17.  The method of claim 13, wherein a wavelength of the first

optical signal is different than a wavelength of the second optical signal.
18. The method of claim 13, wherein a light source used to

transmit the first optical signal is different than a light source used to transmit

the second optical signal.
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