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INTEGRATED ASSEMBLY FOR SWITCHING
OPTICAL SIGNALS

BACKGROUND

[0001] Fiber-optic communication networks serve a key
demand of the information age by providing high-speed data
between network nodes. Fiber-optic communication net-
works include an aggregation of interconnected fiber-optic
links. Simply stated, a fiber-optic link involves an optical
signal source that emits information in the form of light into
an optical fiber. Due to principles of internal reflection, the
optical signal propagates through the optical fiber until it is
eventually received into an optical signal receiver. If the fiber-
optic link is bi-directional, information may be optically com-
municated in reverse typically using a separate optical fiber.
[0002] Fiber-optic links are used in a wide variety of appli-
cations, each requiring different lengths of fiber-optic links.
For instance, relatively short fiber-optic links may be used to
communicate information between a computer and its proxi-
mate peripherals, or between a local video source (such as a
DVD or DVR) and a television. On the opposite extreme,
however, fiber-optic links may extend hundreds or even thou-
sands of kilometers when the information is to be communi-
cated between two network nodes.

[0003] Long-haul and ultra-long-haul optics refers to the
transmission of light signals over long fiber-optic links on the
order of hundreds or thousands ofkilometers. Typically, long-
haul optics involves the transmission of optical signals on
separate channels over a single optical fiber, each channel
corresponding to a distinct wavelength of light using prin-
ciples of Wavelength Division Multiplexing (WDM) or
Dense WDM (DWDM).

[0004] Transmission of optical signals over such long dis-
tances using WDM or DWDM presents enormous technical
challenges, especially at high bit rates in the gigabits per
second per channel range. Significant time and resources may
be required for any improvement in the art of high speed
long-haul and ultra-long-haul optical communication. Each
improvement can represent a significant advance since such
improvements often lead to the more widespread availability
of communications throughout the globe. Thus, such
advances may potentially accelerate humankind’s ability to
collaborate, learn, do business, and the like, with geographi-
cal location becoming less and less relevant.

BRIEF SUMMARY

[0005] At least one embodiment described herein relates to
an integrated assembly for switching optical signals. The
integrated assembly includes two subassemblies. For
instance, the subassemblies might be a shelf assembly and the
integrated assembly might be a rack assembly in which the
shelf assemblies are connected.

[0006] Each of the subassemblies includes optical inter-
faces configured to support communication of optical chan-
nels to and from the integrated assembly using the corre-
sponding subassembly. Each subassembly might also include
multiple switch fabric assemblies each including a switching
mechanism. An inter-subassembly communication interface
is provided between each subassembly.

[0007] An optical signal may be switched from one of the
subassemblies (e.g., one of the shelves) to another even
though there is no intervening switching circuitry in between
the different subassemblies. Instead, the switching operation
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is distributed between the subassemblies themselves (e.g.,
distributed amongst the shelves). For instance, an optical
signal is received at the integrated assembly at one of the
subassemblies (e.g., at one of the shelves) and channeled to
another subassembly (e.g., to another shelf). Using switching
mechanisms in either or both of these subassemblies, the
switching occurs so that the optical signal is channeled from
the input optical channel to the appropriate output optical
channel.

[0008] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used as an aid
in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Inorder to describe the manner in which the above-
recited and other advantages and features can be obtained, a
more particular description of various embodiments will be
rendered by reference to the appended drawings. Understand-
ing that these drawings depict only sample embodiments and
are not therefore to be considered to be limiting of the scope
of the invention, the embodiments will be described and
explained with additional specificity and detail through the
use of the accompanying drawings in which:

[0010] FIG. 1 schematically illustrates an example optical
communications system in which the principles described
herein may be employed;

[0011] FIG. 2 schematically illustrates a switch fabric
assembly in the form of a fabric card;

[0012] FIG. 3 schematically illustrates an example of an
entire subassembly (such as a shelf) constructed using four
instances of the fabric card of FIG. 2;

[0013] FIG. 4 schematically illustrates an example of an
integrated assembly (e.g., a rack) constructed using two of the
subassemblies of FIG. 3;

[0014] FIG. 5 schematically illustrates an example of an
integrated assembly (e.g., a rack) constructed using three of
the subassemblies of FIG. 3;

[0015] FIG. 6 schematically illustrates an example of an
integrated assembly (e.g., a rack) constructed using four of
the subassemblies of FIG. 3;

[0016] FIG. 7 schematically illustrates an example of an
integrated assembly (e.g., a rack) constructed using five of the
subassemblies of FIG. 3;

[0017] FIG. 8 schematically illustrates an example of an
integrated assembly (e.g., a rack) constructed using six of the
subassemblies of FIG. 3; and

[0018] FIG. 9illustrates a flowchart of a method for switch-
ing an optical signal, which may be employed using any ofthe
integrated assemblies of FIGS. 1 and 3 through 9.

DETAILED DESCRIPTION

[0019] Although the principles described herein are not
limited to embodiments that have the advantages that will
now be described, some embodiments described herein relate
to an integrated assembly for switching optical signals. The
integrated assembly includes at least two subassemblies. For
instance, the subassemblies might be a shelf assembly and the
integrated assembly might be a rack assembly into which the
shelf assemblies are connected.
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[0020] Each of the subassemblies includes optical inter-
faces configured to support communication of optical chan-
nels to and from the integrated assembly using the corre-
sponding subassembly. Each subassembly might also include
multiple switch fabric assemblies each including a switching
mechanism. An inter-subassembly communication interface
is provided between each subassembly.

[0021] An optical signal may be switched from one of the
subassemblies to another even though there is no intervening
switching circuitry in between the different assemblies.
Instead, the switching operation is distributed between the
subassemblies themselves. For instance, an optical signal is
received at the integrated assembly over one of the optical
channels received by one of the subassemblies. Thereafter,
the signal is channeled to another subassembly. Using switch-
ing mechanisms in either or both of these subassemblies, the
switching occurs so that the optical signal is channeled from
the input optical channel to the appropriate output optical
channel. Since there is no intervening switching circuitry
used to channel the data between subassemblies, the cost of
integrated switching assemblies in which optical signals may
be switched between subassemblies is reduced compared to
having dedicated circuitry to switch the signal between sub-
assemblies.

[0022] FIG.1illustrates an integrated assembly 100 (e.g., a
rack assembly) for switching optical signals. The integrated
assembly 100 includes at least two subassemblies 110 and
120, although the ellipses 130 represent that the integrated
subassembly may include any number of subassemblies that
may also be configured as described for the first subassembly
110 and the second subassembly 120. FIG. 1 illustrates an
abstract representation of an integrated subassembly in accor-
dance with the principles described herein. However, subse-
quent figures provide more concrete examples of such inte-
grated subassemblies.

[0023] Insome embodiments, the integrated assembly 100
may be a rack, and each of the subassemblies 110, 120 and
130 are shelves that are connected within the rack. However,
the principles described herein are not limited to such a physi-
cal configuration. Nevertheless, as this is an advantageous
configuration, the integrated subassembly 100 may hereinaf-
ter also be referred to as a rack 100, and each of the subas-
semblies 110, 120 and 130 may also be referred to as a shelf
110, shelf 120 and shelf 130. The same replacement termi-
nology may also be used for the integrated assemblies (e.g.,
the racks) and the constituent subassemblies (e.g., the con-
stituent shelves) illustrated in subsequent figures.

[0024] The first shelf 110 includes optical interfaces 111,
which support communication of optical channels 101 to and
from the rack 100 using the first shelf 110. In the illustrated
embodiment, the optical interfaces 111 are illustrated as
including three optical interfaces 111A, 111B and 111C,
although the ellipses 111D represent that the principles
described herein are not limited to the number of optical
interfaces on the first shelf 110, or any of the other shelves for
that matter.

[0025] The second shelf 120 includes optical interfaces
121, which support communication of optical channels 102 to
and from the rack 100 using the second shelf 120. In the
illustrated embodiment, the optical interfaces 121 are illus-
trated as including three optical interfaces 121A, 121B and
121C, although the ellipses 121D again represent that the
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principles described herein are not limited to the number of
optical interfaces on the second shelf 120, or any of the other
shelves.

[0026] The optical channels 101 and 102 for each of the
respective shelves 110 and 120 are abstractly represented.
However, one concrete example of a physical medium for
communication of such channels are optical fibers or optical
fiber groups. Such optical fibers can, in some cases, commu-
nicate bi-directionally. However, in most cases, an optical
fiber is used for each direction of optical communication. In
one embodiment, each of the optical interfaces 111 and 121
may be line cards that are connected to the corresponding
shelves 110 and 120.

[0027] The first shelf 110 includes switch fabric assemblies
112. In the illustrated case, the first shelf 110 includes two
switch fabric assemblies 112A and 112B, although the
ellipses 112C represents that the principles described herein
are not limited to the number of switch fabric assemblies on
any given shelf. Likewise, the second shelf 120 includes
switch fabric assemblies 122, including two switch fabric
assemblies 122A and 122B, again with ellipses 122C repre-
senting that the principles described herein are not limited to
the number of switch fabric assemblies on any given shelf. As
an example, the switch fabric assemblies 112 and 122 may
each be switch fabric cards connected to the corresponding
shelves 110 and 120.

[0028] Each of the switch fabric assemblies 112 and 122
includes a switching mechanism. For instance, switch fabric
assemblies 112A and 112B include respective switching
mechanisms 113A and 113B. Likewise, switch fabric assem-
blies 122A and 122B include respective switching mecha-
nisms 123A and 123B.

[0029] Each of the switch fabric assemblies 112 and 122
also includes transceivers that allow for communication with
other shelves over an inter-subassembly (or “inter-shelf”)
communication interface. For instance, the transceivers 114
and 124 can communicate with the opposite shelf over the
inter-subassembly (or “inter-shelf”) communication inter-
face 105. In each embodiment described herein, the inter-
subassembly communication interface 105 does not include a
dedicated switch fabric assembly. The transceivers 114 and
124 may be simply electrical connections, in which case the
inter-shelf communication interface 105 is simply electrical
wiring. On the other hand, the transceivers 114 and 124 may
be optical transceivers, in which case the inter-shelf commu-
nication interface 105 is optical fibers.

[0030] In the illustrated case, each switch fabric assembly
112A, 112B, 122A and 122B is illustrated as including four
transceivers. For instance, switch fabric assembly 112A
includes transceivers 114 A1 through 114 A4 (which may col-
lectively be referred to as “transceivers 114A”), switch fabric
assembly 112B includes transceivers 114B1 through 114B4
(which may collectively be referred to as “transceivers
114B”), switch fabric assembly 122A includes transceivers
124 A1 through 124 A4 (which may collectively be referred to
as “transceivers 124A”), and switch fabric assembly 122B
includes transceivers 124B1 through 124B4 (which may col-
lectively be referred to as “transceivers 124B”). However, the
ellipses 114A5, 114B5, 124A5 and 124BS5 represent that the
principles described herein are not limited to the number of
transceivers for any given switch fabric assembly. The trans-
ceivers 114 A and 114B may also be collectively referred to as
“transceivers 114, and the transceivers 124A and 124B may
also be collectively referred to as “transceivers 124”.
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[0031] Although not required, in order to make the connec-
tions easier to track, the transceivers 114 A that are connected
to the second shelf 120 might be connected to only transceiv-
ers 124A (and vice versa), and transceivers 114B that are
connected to the second shelf 120 might be connected to only
transceivers 124B (and vice versa).

[0032] Each of switch fabric assemblies are coupled to the
optical transceivers of the same shelf through electrical con-
nections. For instance, switch fabric assemblies 112 are each
connected to each of the optical interfaces 111 using electrical
connections 115. Furthermore, switch fabric assemblies 122
are each connected to each of the optical interfaces 121 using
electrical connections 125.

[0033] More specifically, referring to the first shelf 110,
switch fabric assembly 112A is connected to the optical inter-
face 111A via electrical connections 115A1, to the optical
interface 111B via electrical connections 115A2, and to the
optical interface 111C via electrical connections 115A3.
Switch fabric assembly 112B is connected to the optical
interface 111A via electrical connections 115B1, to the opti-
cal interface 111B via electrical connections 115B2, and to
the optical interface 111C via electrical connections 115B3.
On the other shelf 120, switch fabric assembly 122A is con-
nected to the optical interface 121A via electrical connections
125A1, to the optical interface 121B via electrical connec-
tions 125A2, and to the optical interface 121C via electrical
connections 125A3. Switch fabric assembly 122B is con-
nected to the optical interface 121A via electrical connections
125B1, to the optical interface 121B via electrical connec-
tions 125B2, and to the optical interface 121C via electrical
connections 125B3.

[0034] Inthis environment, the switching operations is per-
formed in a distributed manner across shelves (rather than
having dedicated switching circuitry between shelves) by
having a portion (called herein a “first portion™) of each of the
electrical connections 115 and 125 for any given optical inter-
face and switch fabric assembly set being electrically con-
nected to the particular switching mechanism in the switch
fabric assembly of that set, and a portion (called herein a
“second portion”) of the electrical connections being con-
nected through the respective transceivers of the switch fabric
assembly to a different shelf.

[0035] For instance, one or more of the electrical connec-
tions 115A1 may connect the optical interface 111A to the
switching mechanism 113A on the switch fabric assembly
112A, and another one or more of the electrical connections
115A may connect signals through to the second shelf 120 via
one or more of the transceivers 114A. The same may be said
with respect to the other five possible optical interface 111/
switch fabric assembly 112 sets on the first shelf 110, and with
respect to the six possible optical interface 121/switch fabric
assembly 122 sets on the second shelf. Each of the respective
switching mechanisms 113 A, 113B, 123A and 123B is also
communicatively coupled to the opposite shelf (shelf 120 in
the case of mechanisms 113A and 113B, and shelf 110 in the
case of mechanisms 123A and 123B) via one of more of
respective transceivers 114A, 114B, 115A and 115B.

[0036] An optical signal received at the integrated assem-
bly 100 (e.g., the “rack 100”) at the first subassembly 110
(e.g., the first shelf 110) is switchable to an optical channel
emitted from the rack at the first shelf 110 or at the second
subassembly (e.g., the “second shelf 120”) using the switch
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fabric assemblies on the first and second shelves and without
using a switch fabric assembly outside of the first and second
subassemblies.

[0037] More concrete embodiments will now be described
with respect to subsequent figures. As previously described,
each of the switch fabric assemblies 112A, 112B, 122A and
122B, may be a fabric card. FIG. 2 illustrates a schematic of
an example fabric card 200. The fabric card 200 is a commer-
cially available FEX 30/60 card, which contains a switching
mechanism 201 in the form of a commercially available
Switch Fabric IC (called herein “SFIC”) circuit. For instance,
if the fabric card 200 were the switching fabric assembly
112A of FIG. 1, the switching mechanism 201 might be the
switching mechanism 113A. The fabric card 200 also
includes ten 12-channel optical channels 202. For instance, if
the fabric card were the switching fabric assembly 112A of
FIG. 1, the optical channels 202 would represent examples of
the transceivers 114A.

[0038] The SFIC has a number of connections to the optical
interfaces of the corresponding shelf. For instance, suppose
that the SFIC has 30 of such connections. These connections
are not shown in FIG. 2, but are shown in subsequent figures.
As an example, the connections would be optical interfaces
111 in the case of SFIC being the switching mechanism 112
of the corresponding shelf. The SFIC also has a number of
connections to the channels 202. For instance, suppose that
the SFIC has 60 such connections, 6 for each of the ten
12-channel optical channels 202. There are also 60 connec-
tions from the optical interfaces (also called a “backplane™),
6 for each of the ten 12-channel optical channels.

[0039] Thus, each bundle of electrical connections from
each of the 12-channel optical channels 202 carries 6 connec-
tions to the SFIC and 6 connections to the backplane (e.g., to
the optical interface of the shelf). The 6 backplane connec-
tions are interleaved onto the optical interfaces (e.g., the line
cards), so that each carries connections to different line card
sets (e.g., either line cards 1-5, or line cards 6-10).

[0040] FIG. 3 illustrates an example of an entire subassem-
bly 300 (e.g., the entire shelf) constructed using four
instances of the fabric card 200 of FIG. 2. Here, there are 10
optical interfaces shown that are Line Interface Cards, labeled
as LIC 1 through LIC 10. Each of these LICs is a line card that
represents an example of the optical interfaces of FIG. 1. For
instance, if the shelf 300 were the first shelf 110 of FIG. 1, the
LICs 1-10 would be examples of the optical interfaces 111. If
the shelf 300 were the second shelf 120 of FIG. 1, the LICs
1-10 would be examples of the optical interfaces 121. Each of
the FEX 30/60 cards may serve as a switch fabric assembly
for the shelf, such as switch fabric assemblies 112 if the shelf
300 is the first shelf 110, or switch fabric assemblies 113 if the
shelf 300 is the second shelf. The “line shelf backplane” (also
referred to herein as a “host shelf”) includes electrical con-
nections such as the electrical connections 115 ifthe shelf300
were the first shelf 110, or electrical connections 125 if the
shelf 300 were the second shelf 120.

[0041] The shelf 300 is actually not an embodiment of the
principles described herein, as it is just a single shelf that does
not communicate with other shelves. Instead, each of the
transceivers (e.g., the 12-channel optical channels) is config-
ured in loop back mode. Thus, signals that are received by a
given FEX 30/60 card from a particular LIC card may be
received directly (or indirectly via a loop back) by the corre-
sponding SFIC circuit and then channeled back to the appro-
priate outbound channel on the appropriate LIC directly (or
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indirectly via a loop-back). The loop backs may even be a
fully electrical loop back in which the signal is looped back
without converting the signal into an optical signal.

[0042] Each ofthe LICs would have a number of electrical
connections to each of the FEX 30/60 cards. However, for the
sake of not complicating the diagram too much (and thus
obfuscating the core structure), only the electrical connec-
tions to and from the LIC 1, and only the electrical connec-
tions to and from the upper most FEX 30/60 card, are shown.
[0043] FIG. 4 illustrates an integrated assembly 400 (e.g.,
“rack 400”) that includes two subassemblies 410 and 420
(e.g., two shelves 410 and 420). Here, each of the shelves 410
and 420 is an instance of the shelf 300 of FIG. 3, except for the
configuration of the 12-channel optics. All ten of the optics
for each of FEX 30/60 cards are populated. Two are looped
back, and the other eight are connected to the other shelf. The
two looped back optics provide 12 additional connections
from the host shelf to the SFIC for a total of 42 connects from
the host shelf to each SFIC on the host shelf.

[0044] The configuration is asymmetrical. The local (i.e.,
on the same shelf) line cards have 42 connections to the local
SFIC’s, but have 48 connections to the remote SFIC’s. This
provides for 90 connections to each SFIC. This configuration
also uses 8 SFIC’s. 7 SFIC’s with 90 ports can be used to
provide 6300 Gbps for embodiments in which each port
handles 10 Gbps.

[0045] FIG. 5 illustrates an integrated assembly 500 (e.g.,
“rack 500”) that includes three shelves. Here, each of the
shelves 510, 520, 530 is an instance of the shelf 300 of FIG.
3, except for the configuration of the 12-channel optics. All
ten of the optics for each of FEX 30/60 cards are again
populated. Five of the optics go to each of the other two
shelves. This configuration provides for 30 connections from
each shelf to each SFIC, for a total of 90 connections.
[0046] FIG. 5 shows only connections from the uppermost
FEX 30/60 on each of the shelves. The other three FEX
30/60’s from each shelf will be similarly connected. How-
ever, the groups of fibers could preferably change. For
instance, in FIG. 5, the top five optics from shelf 510 are
connected to the top five optics of shelf 530. This should be
the same for the third FEX 30/60 from the top. However, the
second and fourth FEX 30/60 should connect the top five
optics from shelf 510 to the top five connectors of shelf 520.
[0047] FIG. 6 illustrates a rack 600 that includes four
shelves. Each of the shelves 610, 620, 630 and 640 is an
instance of the shelf 300 of FIG. 3, except for the configura-
tion of the 12-channel optics. Nine of the ten of the optics for
each of FEX 30/60 cards are populated. Three of the optics go
to each of the other three shelves. This configuration provides
for 18 connections from each shelf to each FEX 30/60 1600,
for a total of 72 connections.

[0048] FIG. 6 shows only connections from the uppermost
FEX 30/60 on each of the shelves. The other three FEX
30/60’s from each shelf will be similarly connected. How-
ever, the groups of fibers could preferably change. For
instance, in FIG. 6, the 107 optic of the upper FEX 30/60’s
remains unused. For the other three FEX 30/60’s, a different
optical unit could be left unused to even out the line card ports.
[0049] FIG. 7 illustrates a rack 700 that includes five
shelves. Each of the shelves 710, 720, 730, 740 and 750 is an
instance of the shelf 300 of FIG. 3, except for the configura-
tion of the 12-channel optics. This connection uses 15 con-
nections from each shelf to each SFIC. 15 is not divisible by
6, so there are fiber fanouts 701 and 702 used to connect this
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configuration. Each fiber fanout 701 and 702 will take 24
channels (12 transmit channels, and 12 receive channels), and
split it into two sets of 12 channels (6 transmit channels and 6
receive channels). No switching is actually performed here.
All ten of the optics for each of FEX 30/60 cards are popu-
lated. 2.5 of the optics go to each of the other four shelves.
This configuration provides for 15 connections from each
shelf to each FEX 30/60, for a total of 90 connections. Due to
the complexity in using fanouts for this configuration, if one
is expanding from four shelves in a rack, one might choose to
expand directly to six shelves, instead of five.

[0050] FIG. 8 illustrates a rack 800 that includes six
shelves. Each of the shelves 810, 820, 830, 840, 850 and 860
is an instance of the shelf 300 of FIG. 3, except for the
configuration of the 12-channel optics. This connection uses
12 connections from each shelf to each FEX 30/60, for a total
0f'72 connections. All ten of the optics for each of FEX 30/60
cards are populated. Two of the optics go to each of the other
five shelves. FIG. 8 shows only connections from the upper-
most FEX 30/60 on each of the shelves. The other three FEX
30/60’s from each shelf will be similarly connected.

[0051] FIG. 9 illustrates a flowchart of a method 900 for
switching an optical signal, which may be employed using
any of the integrated rack assemblies 100, 400, 500, 600, 700
or 800. For clarity, the method 900 will be described with
respect to the rack 100 of FIG. 1.

[0052] The method 900 is initiated upon receiving an opti-
cal signal at a shelf of the rack (act 901). In one embodiment,
the optical signal is at Optical Transport Network (OTN)
packet. Referring to FIG. 1, suppose, for example, that an
optical signal is received at the optical interface 111A.
Receiving might also include some demodulation, decapsu-
lation, and/or decoding of the received optical signal.

[0053] The method 900 includes an act of providing the
signal to another shelf of the rack through an inter-shelf
communication interface (act 902). For instance, the first
shelf 110 may provide the signal to the second shelf 120 using
the communication interface 105.

[0054] The method 900 also includes an act of switching
the optical signal using one or more switch fabric assemblies
in at least one of the first shelf or the second subassembly (act
903). This switching act 903 is shown in parallel with the
inter-shelf communication act 902 because the switching
might occur before the inter-shelf communication or after the
inter-shelf communication. Several examples of such a flow
will be provided. In each of the examples, suppose an optical
signal is received at optical interface 111 A and converted into
an electrical packet, and that the electrical connection 115A1
is used to route the electrical packet to the switch fabric
assembly 112A.

[0055] In a first example, the corresponding electrical
packet is received by the switching mechanism 113A either
directly from the optical interface 111A or indirectly using a
loop back of one of the transceivers (e.g., transceiver 114A1).
In that case, the switching mechanism 113 A evaluates the
destination of the packet, and routes the packet on the appro-
priate electrical connection that is mapped to the destination.
If that destination corresponds to the any of the local optical
interfaces 111 on the same shelf 110, the packet is routed onto
the appropriate electrical connection on one of the electrical
connection sets 115A1, 115A2 or 115A3, to the appropriate
optical interface 111A, 111B or 111C for dispatch further
towards the destination.
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[0056] However, if the destination corresponds to an opti-
cal interface on another shelf, the switching mechanism
determines which electrical connection to route the packet
onto, and then dispatches onto that electrical connection. The
signal is then routed over inter-shelf communication interface
105 to one of the other transceivers 124A, whereupon it
propagates to the appropriate optical interface 121A, 121B or
121C for optical dispatch further towards the destination. In
this first example, switching intelligence occurs in the first
shelf 110. Other components simply propagate the signals
from the optical input to the switching circuit, and from the
switching circuit to the optical output.

[0057] In a second example, the corresponding electrical
packet is not received by the switching mechanism 113A.
Instead, the electrical connection immediately propagates the
packet to one of the transceivers 114 A, for communication of
the packet to the second shelf 120, whereupon it is propagated
to the switching mechanism 123 A. In this case, the switching
mechanism 123 A evaluates the destination of the packet, and
routes the packet on the appropriate electrical connection that
is mapped to the destination. Ifthat destination corresponds to
the any of the local optical interfaces 121 on the same shelf
120, the packet is routed onto the appropriate electrical con-
nection on one of the electrical connection sets 125A1,
125A2 or 125A3, to the appropriate optical interface 121A,
121B or 121C for dispatch further towards the destination.

[0058] However, if the destination corresponds to an opti-
cal interface on another shelf, the switching mechanism
determines which electrical connection to route the packet
onto, and then dispatches onto that electrical connection. The
signal is then routed over inter-shelf communication interface
105 to one of the other transceivers 114A, whereupon it
propagates to the appropriate optical interface 111A, 111B,
or 111C for optical dispatch further towards the destination.
In this second example, switching intelligence occurs in the
second shelf 120. Other components simply propagate the
signals from the optical input to the switching circuit, and
from the switching circuit to the optical output.

[0059] More generally, in an embodiment in which there
are N subassemblies (e.g., N shelves, where N is an integer
greater than or equal to two), the optical signal is received at
the A'th subassembly, propagated to corresponding signal to
the B'th subassembly, which has a switching mechanism that
switches the signal, and propagates the switched signal to the
C'th subassembly for optical transmission. In this case, “A”,
“B” and “C” may be any integer equal to or less than N, and
may be the same as each other or different than each other. For
instance, at least the following scenarios are possible.

[0060] 1) The signal is received at a given shelf, switched at
that same shelf, and dispatched from the same shelf for opti-
cal output;

[0061] 2)Thesignal is received at a given shelf, switched at
that same shelf, and dispatched on a different shelf for optical
output;

[0062] 3)Thesignal is received at a given shelf, switched at
a different shelf, and dispatched for optical output from the
same shelf in which the signal was switched;

[0063] 4)Thesignal is received at a given shelf, switched at
a different shelf, and dispatched for optical output from the
same shelf in which the optical signal was received; and

[0064] 5)The signal is received at a given shelf, switched at
a different shelf, and dispatched for optical output from yet
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another shelf which is neither the shelf into which the optical
signal was received, nor the shelf that switched the optical
signal.

[0065] Regardless, the switching occurs without requiring
additional switching circuitry beyond the shelves themselves.
Therefore, switching may be more compactly and economi-
cally performed.

[0066] The present invention may be embodied in other
specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be consid-
ered in all respects only as illustrative and not restrictive. The
scope ofthe invention is, therefore, indicated by the appended
claims rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What is claimed is:

1. An integrated assembly for switching optical signals, the
integrated assembly comprising:

a first subassembly comprising 1) a first plurality of optical
interfaces configured to support communication of opti-
cal channels to and from the integrated assembly using
the first subassembly, and 2) a first plurality of switch
fabric assemblies each comprising a switching mecha-
nism;

a second subassembly comprising 1) a second plurality of
optical interfaces configured to support communication
of optical channels to and from the integrated assembly
using the second subassembly, and 2) a second plurality
of switch fabric assemblies each comprising a switching
mechanism; and

an inter-subassembly communication interface between
the first and second subassemblies, wherein the inter-
subassembly communication interface does not include
a dedicated switch fabric assembly;

wherein an optical signal received at the integrated assem-
bly at the first subassembly is switchable to an optical
channel from the integrated assembly at the second sub-
assembly using one or more switch fabric assemblies in
at least one of the first subassembly or the second sub-
assembly and by channeling a representation of the opti-
cal signal through the inter-subassembly communica-
tion interface, and without using a switch fabric
assembly outside of the first and second subassemblies.

2. The integrated assembly in accordance with claim 1,
wherein the integrated assembly is a rack assembly, the first
subassembly is a first shelf assembly connected to the rack
assembly, and the second subassembly is a second shelf
assembly connected to the rack assembly.

3. The integrated assembly in accordance with claim 1,
wherein the inter-subassembly optical communication inter-
face is a first inter-subassembly optical communication inter-
face, the integrated assembly further comprising:

a third subassembly comprising 1) a third plurality of opti-
cal interfaces configured to support communication of
optical channels to and from the integrated assembly
using the third subassembly, and 2) a third plurality of
switch fabric assemblies each comprising a switching
mechanism; and

a second inter-subassembly communication interface
between the third subassembly and the first and second
subassemblies, wherein the second inter-subassembly
communication interface does not include a dedicated
switch fabric assembly;
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wherein an optical signal received at the integrated assem-

bly at the third subassembly is switchable to an optical
channel from the integrated assembly at the first or sec-
ond subassemblies using one or more switch fabric
assemblies in at least one of the first, second and third
subassemblies and by channeling a representation of the
signal through the second inter-subassembly optical
communication interface, and without using a switch
fabric assembly outside of the first, second and third
subassemblies.
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a fifth inter-subassembly communication interface
between the sixth subassembly and any of the first, sec-
ond, third, fourth and fifth subassemblies, wherein the
fifth inter-subassembly communication interface does
not include a dedicated switch fabric assembly;

wherein an optical signal received at the integrated assem-
bly at the sixth subassembly is switchable to an optical
channel from the integrated assembly at the first, second,
third, fourth and fifth subassemblies using one or more
switch fabric assemblies in at least one of the first, sec-

4. The integrated assembly in accordance with claim 3, ond, third, fourth, fifth and sixth subassemblies and by
further comprising: channeling a representation of the optical signal through
a fourth subassembly comprising 1) a fourth plurality of the fifth inter-subassembly communication interface,

optical interfaces configured to support communication
of optical channels to and from the integrated assembly
using the fourth subassembly, and 2) a fourth plurality of
switch fabric assemblies each comprising a switching
mechanism; and

third inter-subassembly communication interface
between the fourth subassembly and any of the first,
second and third subassemblies, wherein the third inter-
subassembly communication interface does not include
a dedicated switch fabric assembly;

wherein an optical signal received at the integrated assem-

bly at the fourth subassembly is switchable to an optical
channel from the integrated assembly at the first, second
or third subassemblies using one or more switch fabric
assemblies in at least one of the first, second, third and
fourth subassemblies and by channeling a representa-
tion of the optical signal through the third inter-subas-
sembly optical communication interface, and without
using a switch fabric assembly outside of the first, sec-
ond, third and fourth subassemblies.

and without using a switch fabric assembly outside of
the first, second, third, fourth, fifth and sixth subassem-
blies.

7. An integrated assembly for switching optical signals, the

integrated assembly comprising:

a first subassembly comprising 1) a first plurality of optical
interfaces configured to support communication of opti-
cal channels to and from the integrated assembly using
the first subassembly, 2) a first set of one or more switch
fabric assemblies comprising a first particular switch
fabric assembly that includes a) a first particular switch-
ing mechanism and b) a first particular plurality of trans-
ceivers; and 3) a first plurality of electrical connections
communicatively coupling the first plurality of optical
interfaces to the first set of one or more switch fabric
assemblies; and

a second subassembly comprising 1) a second plurality of
optical interfaces configured to support communication
of optical channels to and from the integrated assembly
using the second subassembly, 2) a second set of one or

5. The integrated assembly in accordance with claim 4, more switch fabric assemblies comprising a second par-
further comprising: ticular switch fabric assembly that includes a) a second
afifth subassembly comprising 1) a fifth plurality of optical particular switching mechanism and b) a second particu-

interfaces configured to support communication of opti-
cal channels to and from the integrated assembly using
the fifth subassembly, and 2) a fifth plurality of switch
fabric assemblies each comprising a switching mecha-
nism; and

fourth inter-subassembly communication interface
between the fifth subassembly and any of the first, sec-
ond, third, and fourth subassemblies, wherein the fourth
inter-subassembly communication interface does not
include a dedicated switch fabric assembly;

wherein an optical signal received at the integrated assem-

bly at the fifth subassembly is switchable to an optical
channel from the integrated assembly at the first, second,
third and fourth subassemblies using one or more switch
fabric assemblies in at least one of the first, second, third,
fourth and fifth subassemblies and by channeling a rep-
resentation of the optical signal through the fourth inter-
subassembly communication interface, and without
using a switch fabric assembly outside of the first, sec-
ond, third, fourth and fifth subassemblies.

6. The integrated assembly in accordance with claim 5,

further comprising:

a sixth subassembly comprising 1) a sixth plurality of
optical interfaces configured to support communication
of optical channels to and from the integrated assembly
using the sixth subassembly, and 2) a sixth plurality of
switch fabric assemblies each comprising a switching
mechanism; and

lar plurality of transceivers; and 3) a second plurality of
electrical connections communicatively coupling the
second plurality of optical interfaces to the second set of
one or more switch fabric assemblies;

wherein a first subset of the first plurality of electrical

connections are electrically coupled to the first particu-
lar switch fabric assembly, a first portion of the first
subset of the first plurality of electrical connections
being electrically connected to the first particular
switching mechanism, and a second portion of the first
subset of the first plurality of electrical connections
being communicatively coupled to the second subas-
sembly through at least some of the first particular plu-
rality of transceivers on the first particular switch fabric
assembly on the first subassembly, and

wherein the first particular switching mechanism is also

communicatively coupled to the second subassembly
through at least some of the first particular plurality of
transceivers on the first particular switch fabric assem-
bly on the first subassembly.

8. The integrated assembly in accordance with claim 7,
wherein the integrated assembly is a rack assembly, the first
subassembly is a first shelf assembly connected to the rack
assembly, and the second subassembly is a second shelf
assembly connected to the rack assembly.

9. The integrated assembly in accordance with claim 8,
wherein the first plurality of optical interfaces are a first
plurality of line cards connected to the first shelf assembly,
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and the second plurality of optical interfaces are a second
plurality of line cards connected to the second shelf assembly.

10. The integrated assembly in accordance with claim 9,
wherein the first set of one or more switch fabric assemblies
are each switch fabric cards coupled to the first shelf assem-
bly, and the second set of one or more switch fabric assem-
blies are each switch fabric cards coupled to the second shelf
assembly.

11. The integrated assembly in accordance with claim 8,
wherein the first set of one or more switch fabric assemblies
are each switch fabric cards coupled to the first shelf assem-
bly, and the second set of one or more switch fabric assem-
blies are each switch fabric cards coupled to the second shelf
assembly.

12. The integrated assembly in accordance with claim 7,
wherein the second portion of the first subset of the first
plurality of electrical connections is communicatively
coupled to the second subassembly by being communica-
tively coupled to the second particular switching mechanism
though at least some of the first particular plurality of trans-
ceivers on the first particular switch fabric assembly on the
first subassembly and through at least some of the second
particular plurality of transceivers on the second particular
switch fabric assembly on the second subassembly.

13. The integrated assembly in accordance with claim 12,
wherein the first particular switching mechanism is commu-
nicatively coupled to the second subassembly by being com-
municatively coupled to the second particular switch fabric
assembly through at least some of the second particular plu-
rality of transceivers on the second particular switch fabric
assembly on the second subassembly.

14. The integrated assembly in accordance with claim 7,

wherein a first subset of the second plurality of electrical
connections are electrically coupled to the second par-
ticular switch fabric assembly, a first portion of the first
subset of the second plurality of electrical connections
being electrically connected to the second particular
switching mechanism, and a second portion of the first
subset of the second plurality of electrical connections
being communicatively coupled to the first subassembly
through at least some of the second particular plurality
of transceivers on the second particular switch fabric
assembly on the second subassembly, and

wherein the second particular switching mechanism is also
communicatively coupled to the first subassembly
through at least some of the second particular plurality
of transceivers on the second particular switch fabric
assembly on the second subassembly.

15. The integrated assembly in accordance with claim 7,
the first particular switch fabric assembly being a first switch
fabric assembly of the first subassembly, the first subassem-
bly further comprising a second switch fabric assembly that
includes a) a switching mechanism and b) a plurality of trans-
ceivers.

16. The integrated assembly in accordance with claim 7,
further comprising:

a third subassembly comprising 1) a third plurality of opti-
cal interfaces configured to support communication of
optical channels to and from the integrated assembly
using the third subassembly, 2) a third set of one or more
switch fabric assemblies comprising a third particular
switch fabric assembly that includes a) a third particular
switching mechanism and b) a third particular plurality
of transceivers; and 3) a third plurality of electrical con-
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nections communicatively coupling the third plurality of
optical interfaces to the third set of one or more switch
fabric assemblies;

wherein a first subset of the third plurality of electrical
connections are electrically coupled to the third particu-
lar switch fabric assembly, a first portion of the first
subset of the third plurality of electrical connections
being electrically connected to the third particular
switching mechanism, and a second portion of the first
subset of the third plurality of electrical connections
being communicatively coupled to the first and second
subassemblies through at least some of the third particu-
lar plurality of transceivers on the third particular switch
fabric assembly on the third subassembly, and

wherein the third particular switching mechanism is also
communicatively coupled to the first and second subas-
semblies through at least some of the third particular
plurality of transceivers on the third particular switch
fabric assembly on the third subassembly.

17. The integrated assembly in accordance with claim 16,

further comprising:

a fourth subassembly comprising 1) a fourth plurality of
optical interfaces configured to support communication
of optical channels to and from the integrated assembly
using the fourth subassembly, 2) a fourth set of one or
more switch fabric assemblies comprising a fourth par-
ticular switch fabric assembly that includes a) a fourth
particular switching mechanism and b) a fourth particu-
lar plurality of transceivers; and 3) a fourth plurality of
electrical connections communicatively coupling the
fourth plurality of optical interfaces to the fourth set of
one or more switch fabric assemblies;

wherein a first subset of the fourth plurality of electrical
connections are electrically coupled to the fourth par-
ticular switch fabric assembly, a first portion of the first
subset of the fourth plurality of electrical connections
being electrically connected to the fourth particular
switching mechanism, and a second portion of the first
subset of the fourth plurality of electrical connections
being communicatively coupled to the first, second and
third subassemblies through at least some of the fourth
particular plurality of transceivers on the fourth particu-
lar switch fabric assembly on the fourth subassembly,
and

wherein the fourth particular switching mechanism is also
communicatively coupled to the first, second and third
subassemblies through at least some of the fourth par-
ticular plurality of transceivers on the fourth particular
switch fabric assembly on the fourth subassembly.

18. The integrated assembly in accordance with claim 17,

further comprising:

a fifth subassembly comprising 1) a fifth plurality of optical
interfaces configured to support communication of opti-
cal channels to and from the integrated assembly using
the fifth subassembly, 2) a fifth set of one or more switch
fabric assemblies comprising a fifth particular switch
fabric assembly that includes a) a fifth particular switch-
ing mechanism and b) a fifth particular plurality of trans-
ceivers; and 3) a fifth plurality of electrical connections
communicatively coupling the fifth plurality of optical
interfaces to the fifth set of one or more switch fabric
assemblies;

wherein a first subset of the fifth plurality of electrical
connections are electrically coupled to the fifth particu-
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wherein the sixth particular switching mechanism is also
communicatively coupled to the first, second, third,
fourth and fifth subassemblies through at least some of

lar switch fabric assembly, a first portion of the first
subset of the fifth plurality of electrical connections
being electrically connected to the fifth particular
switching mechanism, and a second portion of the first the sixth particular plurality of transceivers on the sixth

subset of the fifth plurality of electrical connections particular switch fabric assembly on the sixth subassem-
being communicatively coupled to the first, second, bly.

third and fourth subassemblies through at least some of
the fifth particular plurality of transceivers on the fifth
particular switch fabric assembly on the fifth subassem-
bly, and

wherein the fifth particular switching mechanism is also
communicatively coupled to the first, second, third and
fourth subassemblies through at least some of the fifth
particular plurality of transceivers on the fifth particular
switch fabric assembly on the fifth subassembly.

19. The integrated assembly in accordance with claim 18,

further comprising:
a sixth subassembly comprising 1) a sixth plurality of

20. A method for switching an optical signal, the method
comprising:

receiving an optical signal at first subassembly of an inte-
grated assembly, the first subassembly comprising 1) a
first plurality of optical interfaces configured to support
communication of optical channels to and from the inte-
grated assembly using the first subassembly, and 2) a
first plurality of switch fabric assemblies each compris-
ing a switching mechanism;

an act of providing a representation of the optical signal to

optical interfaces configured to support communication
of optical channels to and from the integrated assembly
using the sixth subassembly, 2) a sixth set of one or more
switch fabric assemblies comprising a sixth particular
switch fabric assembly that includes a) a sixth particular
switching mechanism and b) a sixth particular plurality
of transceivers; and 3) a sixth plurality of electrical con-
nections communicatively coupling the sixth plurality
of'optical interfaces to the sixth set of one or more switch
fabric assemblies;

wherein a first subset of the sixth plurality of electrical

connections are electrically coupled to the sixth particu-
lar switch fabric assembly, a first portion of the first
subset of the sixth plurality of electrical connections
being electrically connected to the sixth particular
switching mechanism, and a second portion of the first
subset of the sixth plurality of electrical connections
being communicatively coupled to the first, second,
third, fourth and fifth subassemblies through at least
some of the sixth particular plurality of transceivers on
the sixth particular switch fabric assembly on the sixth
subassembly, and

asecond subassembly of the integrated assembly over an
inter-subassembly communication interface between
the first and second subassemblies, wherein the inter-
subassembly communication interface does not include
a dedicated switch fabric assembly, the second subas-
sembly comprising 1) a second plurality of interfaces
configured to support communication of optical chan-
nels to and from the integrated assembly using the sec-
ond subassembly, and 2) a second plurality of switch
fabric assemblies each comprising a switching mecha-
nism;

an act of switching the optical signal using one or more

switch fabric assemblies in at least one of the first sub-
assembly or the second subassembly, wherein the act of
switching occurs before the act of providing for switch-
ing that occurs using one or more switch fabric assem-
blies in the first assembly, and wherein the act of switch-
ing occurs after the act of providing for switching that
occurs using one or more switch fabric assemblies in the
second assembly.
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