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PHOTONIC INTERCONNECT INCLUDING A CYCLIC ARRAYED WAVEGUIDE
GRATING

Background
[0001] A system can include a large number of devices that are to communicate

with each other. In some cases, communications among devices can be performed
over a communication fabric that includes electrical communication media and
communication nodes, such as routers and switches. In other cases, a
communication fabric can alternatively or additionally include optical communication

media and optical switch devices.

Brief Description Of The Drawings

[0002] Some implementations are described with respect to the following figures.

[0003] Fig. 1 is a block diagram of an example photonic interconnect system

according to some implementations.

[0004] Fig. 2 is a schematic diagram illustrating coarse wavelength bands and
fine wavelength bands within each coarse wavelength band, according to some

examples.

[0005] Fig. 3 is a block diagram of another example photonic interconnect

system according to further implementations.
[0006] Fig. 4 is a flow diagram of a process according to some implementations.
[0007] Fig. 5 is a block diagram of a system according to some implementations.

[0008] Fig. 6 is a block diagram of a further example photonic interconnect

system according to alternative implementations.

[0009] Fig. 7 is a block diagram of an example interconnect system according to

some implementations.
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Detailed Description

[0010] Photonic interconnect systems can be used to provide high-bandwidth
optical communications over relatively long distances. A photonic interconnect
system can include optical paths (implemented with optical fibers and/or optical
waveguides) and optical devices (such as switches, gratings, etc.). A photonic
interconnect system can be included in a communication fabric that supports optical
communications among endpoint devices, such as desktop computers, notebook
computers, tablet computers, smartphones, wearable devices, storage devices,
appliances, and so forth.

[0011] Traditional photonic interconnect systems can use a large number of
optical switches or can use complex optical switches. Such photonic interconnect
systems can be expensive and can be difficult to maintain due to their complexity.

[0012] In accordance with some implementations according to the present
disclosure, as shown in Fig. 1, a simplified photonic interconnect system 100 is
provided that employs a cyclic arrayed waveguide grating (AWG) 102, which is an
optical device that passes optical signals received at inputs 104 of the AWG 102 to
selected outputs 106 of the AWG 102, according to wavelengths of the optical
signals.

[0013] In some implementations, the cyclic AWG 102 has N inputs and N
outputs, where N > 1. The cyclic AWG 102 can be referred to as an NxN cyclic
AWG 102. Optical signals are received at the inputs 104 of the cyclic AWG 102, and
are passed through the internal optical paths (e.g. waveguides) of the cyclic AWG
102 to selected outputs 106 according to the wavelengths of the received optical

signals.

[0014] For example, an optical signal having a first wavelength received at a first
input of the cyclic AWG 102 can be distributed (or directed) to a first output of the
cyclic AWG 102, an optical signal having a second wavelength received at the first
input can be distributed to a second output of the cyclic AWG 102, an optical signal
having a third wavelength received at the first input can be distributed to a third
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output of the cyclic AWG 102, and so forth. The foregoing pattern of distributing
input optical signals having different wavelengths to corresponding outputs of the
cyclic AWG 102 is referred to as a distribution pattern.

[0015] The different inputs of the cyclic AWG 102 can be associated with
different distribution patterns. For example, an optical signal having a first
wavelength received at a second input of the cyclic AWG 102 can be distributed to a
second output of the cyclic AWG 102, an optical signal having a second wavelength
received at the second input can be distributed to a third output of the cyclic AWG
102, an optical signal having a third wavelength received at the first input can be
distributed to a fourth output of the cyclic AWG 102, and so forth.

[0016] The use of the different distribution patterns at the respective different
inputs of the cyclic AWG 102 allows the cyclic AWG 102 to distribute an optical
signal received at any of the inputs 104 to any of the outputs 106.

[0017] In accordance with some implementations of the present disclosure, to
increase the number of inputs 111 and outputs 113 of the photonic interconnect
system 100, multiplexers 108-1 to 108-N (collectively referred to as “multiplexers
108”) are provided in an input stage 112 of the photonic interconnect system 100,
and demultiplexers 110-1 to 110-N (collectively referred to as “demultiplexers 110”)
are provided in an output stage 114 of the photonic interconnect system 100. The
cyclic AWG 102 is connected between the input and output stages 112 and 114.

[0018] Each multiplexer 108 (of 108-1 to 108-N) has M inputs (where M > 1) and
1 output. The multiplexer 108 performs M:1 multiplexing, in which M inputs are
multiplexed onto 1 output. Each demultiplexer 110 (of 110-1 to 110-N) has 1 input
and M outputs. The demultiplexer 108 performs 1:M demultiplexing, in which 1 input
is demultiplexed onto M outputs.

[0019] By employing the multiplexers 108-1 to 108-N and the demultiplexer s110-
1 to 110-N in combination with the cyclic AWG 102, the number of inputs 111 and

number of outputs 113 of the photonic interconnect system 100 is not restricted to
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just the number of inputs and outputs of the cyclic AWG 102, which provides greater
scalability and efficiency. More specifically, by using the multiplexers 108 and the
demultiplexers 110, the number of inputs 111 of the photonic interconnect system
100 can be MxN, and the number of outputs 113 of the photonic interconnect system
100 can be MxN.

[0020] The input stage 112 of the photonic interconnect system 100 also includes
multiple tunable light devices 116 (e.g. tunable laser devices) that operate as
electrical-to-optical (EO) converters for converting from input electrical signals
(received from the inputs 111 of the photonic interconnect system 100) to input
optical signals that are provided to inputs of the multiplexers 108.

[0021] The output stage 114 further includes optical-to-electrical (OE) converters
118 for converting from output optical signals (as output by the demultiplexers 110)
to output electrical signals that are provided to the outputs 113 of the photonic

interconnect system 100.

[0022] The photonic interconnect system 100 also includes a controller (not
shown in Fig. 1 but depicted as 120 in Fig. 3) that can selectively tune the tunable
light devices 116 to produce input optical signals of selected wavelengths, in
response to input electrical signals received by the photonic interconnect system 100
at inputs 111. A tunable light device can refer to a light device, such as a laser
device, that is controllable to vary the wavelength of an optical signal output by the

light device to any of various different wavelengths within a specified range.

[0023] In response to a received input electrical signal, a given tunable light
device 116 produces an input optical signal having a selected wavelength that is
based on the tuning of the given tunable light device 116 performed by the controller.
The selected wavelength of the produced input optical signal determines the path
through the cyclic AWG 102 (to a selected output 106 of the cyclic AWG 102) and
the path through the demultiplexer 110. By selectively controlling the tunable light
devices 116, the controller is able to route an input electrical signal received at any
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input 111 of the photonic interconnect system 100 to any output 113 of the photonic

interconnect system 100, in some implementations.

[0024] Effectively, the photonic interconnect system 100 implements an optical
switch that can selectively route input signals received at the inputs 111 to outputs
113 of the photonic interconnect system 100.

[0025] The multiplexers 108, the cyclic AWG 102, and the demultiplexers 110
can be passive devices that are not actively controlled (such as by the controller) to
perform signal switching. Thus, in accordance with some implementations, just the
tunable light devices 116 are actively controlled by the controller. This further
simplifies the design of the photonic interconnect system 100 according to some

implementations.

[0026] Fig. 2A is a schematic diagram illustrating different wavelength bands.
Each respective tunable light device 116 in Fig. 1 is controllable to produce an
optical signal having a wavelength in any of the wavelength bands depicted in Fig.
2A. Fig. 2A shows four coarse wavelength bands (or more simply “coarse bands”)
202, 204, 206, and 208. Each coarse band 202, 204, 206, or 208 has a respective
set of fine wavelength bands (or more simply, “fine bands”). For example, the
coarse band 202 has fine bands corresponding to wavelengths 212, 214, 216, 218,
220, 222, 224, and 226. The wavelengths 212, 214, 216, 218, 220, 222, 224, and
226 are wavelengths in respective fine bands of the coarse band 202.

[0027] In some implementations, a tunable light device 116 can be controlled by
the controller to tune an input optical signal to any of the wavelengths depicted in
Fig. 2A. Fig. 2A also shows a set of numbers 210 that represents a distribution
pattern of wavelengths to respective outputs of the cyclic AWG 102. A number i (i =
0,1,2,3,4,5, 6, 7) identifies a respective output of the cyclic AWG 102. In the
example of Fig. 2A, it is assumed that the cyclic AWG 102 has eight outputs (i.e.
N=8). Thus, as shown in Fig. 2A, a first wavelength 212 maps to output 7 of the
cyclic AWG 102. In other words, an input optical signal having the wavelength 212
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received at an input of the cyclic AWG 102 is distributed by the cyclic AWG 102 to
output 7 of the cyclic AWG 102.

[0028] Fig. 2A also indicates that the next successive wavelength 214 after the
wavelength 212 maps to output 0 of the cyclic AWG 102. As further shown in Fig.
2A, the subsequent successive wavelengths 216, 218, 220, 222, 224, and 226 map
to respective outputs 1, 2, 3, 4, 5, and 6 of the cyclic AWG 102.

[0029] The distribution pattern represented by {7, 0, 1, 2, 3, 4, 5, 6} in Fig. 2A is
considered a cyclic pattern since the distribution pattern for a cyclic AWG device
repeats in multiple coarse bands.

[0030] If the wavelength of an input optical signal is tuned to a wavelength in
another coarse band, the distribution pattern represented by {7, 0, 1, 2, 3, 4, 5, 6}
repeats. Thus, as shown in Fig. 2A, wavelengths in the fine bands of the coarse
band 204 map to respective outputs 7, 0, 1, 2, 3, 4, 5, and 6 of the cyclic AWG 102.
This distribution pattern is also repeated for the coarse bands 206 and 208.

[0031] Fig. 2A depicts the distribution pattern (as represented by 210) for a
specific input 104 of the cyclic AWG 102. Another input of the cyclic AWG 102 has a
different distribution pattern, which is shown in Fig. 2B. In Fig. 2B, the distribution
pattern 230 is as follows: {2, 3,4, 5, 6, 7, 0, 1}. Successive fine band wavelengths
in each coarse band map to outputs 2, 3, 4, 5, 6, 7, 0, and 1, respectively, of the
cyclic AWG 102.

[0032] In some implementations, a coarse band is based on the bandwidth of a
free spectral range of the cyclic AWG 102. For example, the coarse band can be
approximately equal (to within some specified percentage) the bandwidth of the free
spectral range of the cyclic AWG 102. In other examples, the coarse band can be
larger than the bandwidth of the free spectral range of the cyclic AWG 102; for
example, the coarse band can be approximately twice the bandwidth of the free

spectral range of the cyclic AWG 102.
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[0033] More generally, a coarse band can include at least the bandwidth of the
free spectral range of the cyclic AWG 102 (in other words, the bandwidth of the
coarse band is greater than or equal to the bandwidth of the free spectral range of
the cyclic AWG 102). The free spectral range of an AWG is a characteristic of the
AWG, and can be based on the number of wavelengths or frequency channels of the
AWG, and the wavelength channel spacing of the AWG.

[0034] In some examples, the different coarse bands 202, 204, 206, and 208 can
correspond to different colors (e.g. blue, red, yellow, green). In other examples, the
different coarse bands can correspond to other wavelength ranges.

[0035] Fig. 3 shows an example photonic interconnect system 100 according to
further implementations. In the example of Fig. 3, it is assumed that the cyclic AWG
102 is an 8x8 cyclic AWG. According to the example of Fig. 3, N=8 and M=4.

[0036] In Fig. 3, eight multiplexers 108-1 to 108-8 are depicted. Each multiplexer
108-j (j = 1 to 8) performs 4:1 multiplexing, by multiplexing four inputs to one output.
The four inputs of each multiplexer 108-j receive input optical signals from a
respective set of four tunable light devices 116. Each multiplexer 108-j is coupled to
a respective different set of four tunable light devices 116. In the example of Fig. 3,
32 tunable light devices 116 are provided.

[0037] The outputs of the multiplexers 108-1 to 108-8 are coupled to respective
optical paths 304-1 to 304-8. In other words, the output of each multiplexer 108-j is
coupled to a respective optical path 304-j. Each optical path 304-j can be

implemented with an optical fiber or an optical waveguide. The optical paths 304-1

to 304-8 are coupled to respective inputs 104 of the cyclic AWG 102.

[0038] The multiplexing performed by each multiplexer 108-j can include wave-
division multiplexing (WDM), where a number of optical signals of different
wavelengths are multiplexed onto a common optical path (304-j). An optical signal
communicated along an optical path 304-j can be referred to as a WDM optical
signal, which carries four input optical signals of different wavelengths produced by a
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respective set of tunable light devices 116 coupled to the inputs of the XMIT unit
302-).

[0039] Each optical path 304~ carries multiple source channels of different
wavelengths, where a source channel refers to the wavelength of a corresponding
input optical signal produced by a respective tunable light device 116.

[0040] The outputs 106 of the cyclic AWG 102 are coupled to respective eight
optical paths 306-1 to 306-8. Each optical path 306-j also carries a WDM signal that
has multiple optical signals of different wavelengths. Each WDM signal transmitted
over a respective optical path 306-j is received by a respective demultiplexer 110-/.
Eight demultiplexers 110-1 to 110-8 are depicted. Each demultiplexer 110-j has one

input and four outputs, and performs 1:4 demultiplexing.

[0041] The four outputs of the demultiplexer 110-j are coupled to respective OE
converters 118, to convert output optical signals from the demultiplexers to output
electrical signals. In the example according to Fig. 3, where M=4 and N-8, there are
32 OE converters 118.

[0042] In some implementations, the cyclic AWG 102 performs fine band
selection, by selecting a path based on wavelengths in the fine bands. Each
demultiplexer 110 performs coarse band selection, where a path through a
demultiplexer 110-j is selected based on which of the coarse bands 202, 204, 206,
and 208 an input optical signal is part of.

[0043] As depicted in Fig. 3, each demultiplexer 110-j has four paths 310, 312,
314, and 316. An optical signal received at the input of the demultiplexer 110~ is
routed along a selected one of the four paths 310, 312, 314, and 316, based on
which coarse band the wavelength of the optical signal falls into. Thus, if the optical
signal has a wavelength in a first coarse band, then the optical signal is routed along
path 310; if the optical signal has a second wavelength that falls into a second
coarse band, then the optical signal is routed along path 312; if the optical signal has
a third wavelength that falls into a third coarse band, then the optical signal is routed
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along path 314; and if the optical signal has a fourth wavelength that falls into a
fourth coarse band, then the optical signal is routed along path 316. Stated

differently, each demultiplexer 110-j separates spatially coarse bands of light.

[0044] In the example according to Fig. 3, the controller 120 provides control
signals 320 to the tunable light devices 116, to vary the wavelength of an optical
signal produced by each tunable light device 116 to any one of 32 distinct

wavelengths (such as the wavelengths depicted in Figs. 2A and 2B) to direct an

optical signal to a target output of the photonic interconnect system 100.

[0045] More generally, the controller 120 is able to tune a tunable light device
116 to any of MxN distinct wavelengths to distribute an optical signal from any input
(of MxN inputs) of the photonic interconnect system 100 to any output (of MxN
outputs) of the photonic interconnect system 100.

[0046] The controller 120 can be implemented as a combination of machine-
executable instructions and processing hardware, such as a microprocessor, a core
of a microprocessor, a microcontroller, an application specific integrated circuit
(ASIC) device, a programmable gate array (PGA), and so forth. In other examples,

the controller 120 can be implemented with just processing hardware.

[0047] As further shown in Fig. 3, the controller 120 includes a switching table
322 that is used by the controller 120 to decide wavelengths to which respective
tunable light devices 116 are tuned, based on which output 113 of the photonic
interconnect system 100 is the target output. The switching table 322 is populated
with wavelength values indicating wavelengths for distributing optical signals
received at corresponding inputs 111 to respective outputs 113 of the photonic
interconnect system 100. For example, an entry in the switching table 322 can
include a wavelength value specifying a particular wavelength to which a respective
tunable light device 116 is to be tuned to pass a signal received at input k (k=1 to
MxN) of the photonic interconnect system 100 to an output p (p = 1 to MxN).
Different entries of the switching table 322 correspond to different pairs of inputs and
outputs of the photonic interconnect system 100.
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[0048] The wavelength values programmed into the switching table 322 can be
provided by a user, or alternatively, can be learned by the controller 120 based on
specifications of the cyclic AWG 102, including channel spacings and other
characteristics of the cyclic AWG 102. In other examples, the values in the switching
table 322 can be learned using a program that tests a system by tuning each specific
tunable laser device 116 to each wavelength and by observing when each specific
optical receiver (OE converter 118) has a strong signal that passes from a specific
tunable laser device 116 to a particular output.

[0049] In some examples, the photonic interconnect system 100 can be used to
implement a Clos network, which is a multi-stage network that includes an input
stage, a middle stage, and an output stage. In the photonic interconnect system
100, the input stage includes the multiplexer 108, the middle stage includes the
cyclic AWG 102, and the output stage includes the demultiplexer 118. The photonic
interconnect system 100 can implement a non-blocking Clos network, which refers to
a Clos network where an unused input at the input stage can be connected to any
unused output at the output stage. In implementations where the multiplexer 108
performs WDM, the Clos network can be referred to as a wave-division multiplexed
Clos (WDMC) network.

[0050] In other examples, the photonic interconnect system 100 can be used to
implement other types of optical networks.

[0051] Fig. 4 is a flow diagram of an example process according to some
implementations. The process can be performed in a photonic interconnect system,
such as the photonic interconnect system 100.
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[0052] The tunable light devices 116 in the photonic interconnect system 100 are
controllably tuned (at 402) to produce optical signals of respective tuned
wavelengths, the respective tuned wavelengths selected from wavelengths in fine
wavelength bands of respective coarse wavelength bands, where each of the coarse
wavelength bands includes a respective group of fine wavelength bands (as shown
in Figs. 2A-2B).

[0053] The multiplexers 108 multiplex (at 404) the optical signals onto optical
paths to the cyclic AWG 102. The cyclic AWG 102 performs (at 406) fine band
selection of the optical signals received over the optical paths, where a path of a
given optical signal of the optical signals through the cyclic AWG 102 is based on
which of the fine wavelength bands the tuned wavelength of the given optical signal
is part of.

[0054] The demultiplexers 118 perform (at 408) coarse band selection of the
optical signals received from the cyclic AWG, where a path of the given optical signal
through a respective demultiplexer is based on which of the coarse bands the
wavelength of the given optical signal is part of, the respective demultiplexer having
different paths that map to different ones of the coarse wavelength bands

[0055] By using the photonic interconnect system 100 according to some
implementations, the design of a photonic interconnect system is simplified to
achieve cost reduction in implementing switches in an optical network. The cyclic
AWG 102 of the photonic interconnect system 100 can be implemented with a single
AWG device (which includes a substrate onto which optical elements are provided to
form the cyclic AWG 102), such that the number of components used can be
reduced. Moreover, by using the multiplexers 108 and demultiplexers 110 according
to some implementations, the number of optical paths to and from the cyclic AWG
102 is reduced such that the number of optical fibers or optical waveguides used in

an optical network can be reduced.

[0056] Fig. 5 is a block diagram of an example system 500 according to some
implementations. The system 500 includes a communication fabric 502 (or network)
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that includes one or multiple photonic interconnect systems 100. The multiple
photonic interconnect systems 100 can be connected in parallel, connected in

sequence, or connected in another arrangement.

[0057] Devices 504 are coupled to the communication fabric 502 to communicate
with each. Signals sent by a source device 504 are passed through the photonic
interconnect system(s) 100, and routed to destination device 504.

[0058] In examples according to Figs. 1 and 3, it is assumed that each tunable
light device 116 can be tuned to any of the MxN wavelengths in the different coarse
bands 202, 204, 206, and 208 (and the fine bands in each of the respective coarse
bands). In alternative implementations, each tunable light device 116 can be
restricted to tune between a specific band, such as to wavelengths within a
corresponding coarse band. In a photonic interconnect system 600 as shown in Fig.
6, a multiplexer 108-j is coupled to a respective set of tunable light devices 602-/,
604-i, 606-i, and 608-i. Eight tunable light devices 602-1 to 602-8 are coupled to first
inputs of respective multiplexers 108-1 to 108-8, eight tunable light devices 604-1 to
604-8 are coupled to second inputs of respective multiplexers 108-1 to 108-8, eight
tunable light devices 606-1 to 606-8 are coupled to third inputs of respective
multiplexers 108-1 to 108-8, and eight tunable light devices 608-1 to 608-8 are

coupled to fourth inputs of respective multiplexers 108-1 to 108-8.

[0059] Each tunable light device 602-/ can perform tuning to just wavelengths
within the first coarse band. In other words, a tunable light device 602-i is unable to
tune to wavelengths outside the first coarse band. Similarly, each tunable light
device 604-i can be tuned to just wavelengths in a second coarse band, each
tunable light device 606-i can be tuned to just wavelengths in a third coarse band,
and each tunable light device 608-/ can be tuned to just wavelengths in a fourth
coarse band.

[0060] Multiple types of tunable light devices can be used to enhance the total
range, the number of coarse tuning bands, and the total number of outputs.
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Alternatively, multiple types of tunable light devices can be used to reduce costs for

acquiring optical signals of respective wavelengths.

[0061] The operations of the multiplexers 108-1 to 108-8, the cyclic AWG 102,
and the demultiplexers 110-1 to 110-8 are the same as discussed above. The
outputs of the demultiplexers 110-1 to 110-8 are coupled to respective OE
converters. First outputs of the demultiplexers 110-1 to 110-8 are coupled to
respective OE converters 612-1 to 612-8, second outputs of the demultiplexers 110-
1 to 110-8 are coupled to respective OE converters 614-1 to 614-8, third outputs of
the demultiplexers 110-1 to 110-8 are coupled to respective OE converters 616-1 to
616-8, and fourth outputs of the demultiplexers 110-1 to 110-8 are coupled to

respective OE converters 618-1 to 618-8.

[0062] Because the tunable light devices of Fig. 6 are restricted to tuning in
respective coarse bands, the ability to distribute signals through the photonic
interconnect system 600 of Fig. 6 is also restricted. Input signals received by the
tunable light devices 602-1 to 602-8 can only be distributed to the OE converters
612-1 to 612-8, input signals received by the tunable light devices 604-1 to 604-8
can only be distributed to the OE converters 614-1 to 614-8, and so forth.

[0063] According to the arrangement of Fig. 6, four separate 8x8 optical circuit
switches are provided in the photonic interconnect system 600, where in each of the
8x8 optical circuit switches, the eight wavelengths within a specific coarse band can
be switched to any of eight outputs.

[0064] Fig. 7 shows an interconnect system 700 according to alternative
implementations. The interconnect system 700 includes the photonic interconnect
system 600 of Fig. 6. In addition, the interconnect system 700 includes an electrical
switch 702 connected to the inputs of the photonic interconnect system 600. The
electrical switch 702 can be controlled by the controller 120, to allow an input signal
at any input of the electrical switch 702 to be routed to any output of the electrical
switch 702. The inputs to the electrical switch 702 are connected to inputs 711 of
the interconnect system 700.
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[0065] Use of the electrical switch 702 addresses the restrictive distribution of
optical signals of the photonic interconnect system 600. With the combination of the
electrical switch 702 and the photonic interconnect system 600, an input signal at
any input 711 of the interconnect system 700 can be directed to any output 713 of
the interconnect system 700.

[0066] Coarse band selection for an input signal is provided using the electrical
switch 702 to select a tunable light device of the photonic interconnect system 600
that can tune over a target coarse band. The fine band selection is performed by the
respective tunable light device in the photonic interconnect system 600.

[0067] In other implementations, instead of providing the electrical switch 702 at
the input to the photonic interconnect system 600, an electrical switch can be
provided at the output of the photonic interconnect system 600.

[0068] In the foregoing description, numerous details are set forth to provide an
understanding of the subject disclosed herein. However, implementations may be
practiced without some of these details. Other implementations may include
modifications and variations from the details discussed above. It is intended that the

appended claims cover such modifications and variations.
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What is claimed is:

1. A photonic interconnect apparatus, comprising:

a plurality of tunable light devices to receive input signals;

multiplexers to multiplex optical signals produced by the tunable light devices
onto optical paths;

a cyclic arrayed waveguide grating (AWG) to receive the optical signals over
the optical paths, and to direct a given optical signal of the received optical signals to
a selected output of a plurality of outputs of the cyclic AWG based on a wavelength
of the given optical signal; and

demultiplexers coupled to the plurality of outputs of the cyclic AWG, a
respective demultiplexer of the demultiplexers to direct the given optical signal to a
selected output of a plurality of outputs of the respective demultiplexer according to
which coarse wavelength band the wavelength of the given optical signal is part of.

2. The photonic interconnect apparatus of claim 1, wherein the coarse
wavelength band comprises a bandwidth of at least one free spectral range of the
cyclic AWG.

3. The photonic interconnect apparatus of claim 1, wherein different coarse
bands correspond to respective different paths through the respective demultiplexer,
and each of the coarse wavelength bands includes a plurality of fine wavelength

bands.

4. The photonic interconnect apparatus of claim 3, wherein each of the plurality
of tunable light devices is tunable to selectively produce an optical signal at a
wavelength that is selected from wavelengths in the fine wavelength bands in a
respective one of the coarse wavelength bands.
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5. The photonic interconnect apparatus of claim 1, wherein the multiplexers, the
cyclic AWG, and the demultiplexers are passive devices that are not actively
controlled to switch the input signals to outputs of the photonic interconnect

apparatus.

6. The photonic interconnect apparatus of claim 1, wherein the selected output
of the cyclic AWG to which the given optical signal is directed is based on a fine
wavelength band selection performed by the cyclic AWG based on the wavelength of
the given optical signal within the coarse band, wherein different wavelengths in fine
wavelength bands of the coarse band map to different outputs of the plurality of

outputs of the cyclic AWG.

7. The photonic interconnect apparatus of claim 1, further comprising a controller
to provide control signals to the plurality of tunable light devices to selectively tune

the tunable light devices.

8. The photonic interconnect apparatus of claim 7, wherein the controller is to
tune a first of the plurality of tunable light devices to a particular wavelength of a
plurality of wavelengths based on which output of the demultiplexers is a destination
of an input signal received by the first tunable light device.

9. The photonic interconnect apparatus of claim 7, wherein by tuning the plurality
of tunable light devices, the controller is to selectively route an input signal received
at any of inputs of the photonic interconnect apparatus to any of outputs of the
photonic interconnect apparatus.
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10.  The photonic interconnect apparatus of claim 7, further comprising an
electrical switch between inputs of the photonic interconnect apparatus and inputs of
the plurality of tunable light devices, wherein the controller is to control the electrical
switch to selectively distribute signals received at the inputs of the photonic
interconnect apparatus to selected tunable light devices of the plurality of tunable
light devices.

11.  The photonic interconnect apparatus of claim 1, wherein the plurality of
tunable light devices include multiple groups of tunable light devices, a first of the
multiplexers to combine outputs of a first group of the multiple groups of tunable
lights devices into a wave division multiplexed (WDM) optical signal provided over a
first of the optical paths to the cyclic AWG.

12.  The photonic interconnect apparatus of claim 1, wherein the cyclic AWG has
a plurality of inputs each associated with a respective different cyclic distribution
pattern that maps different wavelengths to different outputs of the cyclic AWG, the
cyclic AWG to direct optical signals received at a first input of the plurality of inputs to
respective different outputs of the cyclic AWG according the respective cyclic
distribution pattern for the first input.

13.  The photonic interconnect apparatus of claim 1, wherein a first of the tunable
light devices is tunable across a bandwidth of a first coarse band of the cyclic AWG,
and a second of the tunable light devices is tunable across a bandwidth of a second
coarse band of the cyclic AWG.
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14. A method comprising:

tuning, by a photonic interconnect system, tunable light devices to produce
optical signals of respective tuned wavelengths, the respective tuned wavelengths
selected from wavelengths in fine wavelength bands of respective coarse
wavelength bands, each of the coarse wavelength bands including a respective
group of fine wavelength bands;

multiplexing, by multiplexers, the optical signals onto optical paths;

performing, by a cyclic arrayed waveguide grating (AWG), fine band selection
of the optical signals received over the optical paths, wherein a path of a given
optical signal of the optical signals through the cyclic AWG is based on which of the
fine wavelength bands the tuned wavelength of the given optical signal is part of; and

performing, by demultiplexers, coarse band selection of the optical signals
received from the cyclic AWG, wherein a path of the given optical signal through a
respective demultiplexer of the demultiplexers is based on which of the coarse bands
the wavelength of the given optical signal is part of, the respective demultiplexer
having different paths that map to different ones of the coarse wavelength bands.
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15. A system comprising:
at least one photonic interconnect system comprising:

a controller;

tunable light devices controllable by the controller to tune optical
signals produced by the tunable light devices to respective wavelengths;

multiplexers to perform wavelength-division multiplexing of the optical
signals onto respective optical paths;

a cyclic arrayed waveguide grating (AWG) to apply fine band selection
to selectively distribute the optical signals from the multiplexers along different paths
of the cyclic AWG depending on which of a plurality of fine wavelength bands the
wavelengths of the optical signals fall into; and

demultiplexers to perform to apply coarse band selection to selectively
direct the optical signals received from the cyclic AWG along different paths of the
demultiplexers depending on which of a plurality of coarse wavelength bands the

wavelengths of the optical signals fall into.
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