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A power distribution system and method may include a first
power domain having a first plurality of power rails, a second
power domain having a second plurality of power rails, where
the first power domain is electrically independent of the sec-
ond power domain, and a plurality of modules coupled to the
first power domain and the second power domain, where each
of the plurality of modules is coupled to one of the first
plurality of power rails and one of the second plurality of
power rails. The system may also include a plurality of mated
pairs, where each of the plurality of modules is in only one of
the plurality of mated pairs, and where each of the plurality of
mated pairs is coupled to two separate of the first and second
plurality of power rails.
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POWER DISTRIBUTION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 11/287,645 filed on Nov. 28, 2005. The
disclosure of the above application is incorporated herein by
reference.

BACKGROUND

[0002] Although an embedded computer system may
include redundant cards such that the failure of one card will
not cause overall system downtime, power outages can cause
an entire chassis or shelfto fail. In the prior art, when one card
catastrophically fails, its redundant counterpart is often on the
same set of power rails, which can lead to both cards failing.
This catastrophic power failure can also lead to other cards
failing in the embedded computer system.

[0003] There is a need, not met in the prior art, to protect
redundant pairs of cards from catastrophic power failure.
Accordingly, there is a significant need for an apparatus and
method that overcomes the deficiencies of the prior art out-
lined above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Representative elements, operational features,
applications and/or advantages of the present disclosure
reside inter alia in the details of construction and operation as
more fully hereafter depicted, described and claimed—refer-
ence being made to the accompanying drawings forming a
part hereof, wherein like numerals refer to like parts through-
out. Other elements, operational features, applications and/or
advantages will become apparent in light of certain exem-
plary embodiments recited in the Detailed Description,
wherein:

[0005] FIG. 1 representatively illustrates an embedded
computer chassis in accordance with an exemplary embodi-
ment;

[0006] FIG. 2 representatively illustrates a block diagram
of'a power distribution system in accordance with an exem-
plary embodiment;

[0007] FIG. 3 representatively illustrates a block diagram
of a power distribution system in accordance with another
exemplary embodiment;

[0008] FIG. 4 representatively illustrates a block diagram
of'a power distribution system in accordance with yet another
exemplary embodiment;

[0009] FIG. 5 representatively illustrates a block diagram
of a power distribution system in accordance with still
another exemplary embodiment;

[0010] FIG. 6 representatively illustrates a block diagram
of a power distribution system in accordance with still yet
another exemplary embodiment; and

[0011] FIG. 7 representatively illustrates a flow diagram in
accordance with an exemplary embodiment.

[0012] Elements in the Figures are illustrated for simplicity
and clarity and have not necessarily been drawn to scale. For
example, the dimensions of some of the elements in the Fig-
ures may be exaggerated relative to other elements to help
improve understanding of various embodiments. Further-
more, the terms “first”, “second”, and the like herein, if any,
are used inter alia for distinguishing between similar ele-
ments and not necessarily for describing a sequential or chro-
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nological order. Moreover, the terms “front”, “back”, “top”,
“bottom”, “over”, “under”, and the like in the Description
and/or in the Claims, if any, are generally employed for
descriptive purposes and not necessarily for comprehensively
describing exclusive relative position. Any of the preceding
terms so used may be interchanged under appropriate circum-
stances such that various embodiments described herein may
be capable of operation in other configurations and/or orien-
tations than those explicitly illustrated or otherwise
described.

DETAILED DESCRIPTION

[0013] The following representative descriptions generally
relate to exemplary embodiments and the inventor’s concep-
tion of the best mode, and are not intended to limit the appli-
cability or configuration in any way. Rather, the following
description is intended to provide convenient illustrations for
implementing various embodiments. As will become appar-
ent, changes may be made in the function and/or arrangement
of any of the elements described in the disclosed exemplary
embodiments without departing from the spirit and scope of
the disclosure.

[0014] Various representative implementations of the
present disclosure may be applied to any system for power
distribution. Certain representative implementations may
include, for example AC power distribution, DC power dis-
tribution, and power distribution in an embedded computer
chassis or system of multiple chassis.

[0015] For clarity of explanation, the embodiments are pre-
sented, in part, as comprising individual functional blocks.
The functions represented by these blocks may be provided
through the use of either shared or dedicated hardware,
including, but not limited to, hardware capable of executing
software. The present disclosure is not limited to implemen-
tation by any particular set of elements, and the description
herein is merely representational of one embodiment.
[0016] Software blocks that perform embodiments can be
part of computer program modules comprising computer
instructions, such control algorithms that are stored in a com-
puter-readable medium such as memory. Computer instruc-
tions can instruct processors to perform any methods
described below. In other embodiments, additional modules
could be provided as needed.

[0017] A detailed description of an exemplary application
is provided as a specific enabling disclosure that may be
generalized to any application of the disclosed system, device
and method for distribution of power in accordance with
various embodiments.

[0018] FIG. 1 representatively illustrates an embedded
computer chassis in accordance with an exemplary embodi-
ment. As shown in FIG. 1, embedded computer chassis 100
may include a backplane 103, with software and a plurality of
slots 102 for inserting modules, for example, switch modules
108 and payload modules 110. Backplane 103 may be used
for coupling modules placed in plurality of slots 102 and
power distribution.

[0019] As shown in FIG. 1, embedded computer chassis
100 may comprise at least one switch module 108 coupled to
any number of payload modules 110 via backplane 103.
Backplane 103 may accommodate any combination of a
packet switched backplane including a distributed switched
fabric or a multi-drop bus type backplane. Bussed backplanes
may include VME, CompactPCI, and the like. Payload mod-
ules 110 may add functionality to embedded computer chas-
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sis 100 through the addition of processors, memory, storage
devices, I/O elements, and the like. In other words, payload
module 110 may include any combination of processors,
memory, storage devices, /O elements, and the like, to give
embedded computer chassis 100 any functionality desired by
a user. In the embodiment shown, there are sixteen slots 102
to accommodate any combination of switch modules 108 and
payload modules 110. However, an embedded computer
chassis 100 with any number of slots may be included in the
scope of the disclosure. For example, embedded computer
chassis 100 may include fourteen slots 102 and be within the
scope of the disclosure.

[0020] Inanembodiment, embedded computer chassis 100
can use switch module 108 as a central switching hub with
any number of payload modules 110 coupled to switch mod-
ule 108. Embedded computer chassis 100 may support a
point-to-point, switched input/output (1/O) fabric. Embedded
computer chassis 100 may include both node-to-node (for
example computer systems that support I/O node add-in
slots) and chassis-to-chassis environments (for example
interconnecting computers, external storage systems, exter-
nal Local Area Network (LAN) and Wide Area Network
(WAN) access devices in a data-center environment). Embed-
ded computer chassis 100 may be implemented by using one
or more of a plurality of switched fabric network standards,
for example and without limitation, InfiniBand™, Serial
RapidlO™, Ethernet™, AdvancedTCA™, PCI Express™
and the like. Embedded computer chassis 100 is not limited to
the use of these switched fabric network standards and the use
of'any switched fabric network standard is within the scope of
the disclosure.

[0021] In one embodiment, backplane 103 can be an
embedded packet switched backplane as is known in the art.
In another embodiment, backplane 103 can be an overlay
packet switched backplane that is overlaid on top of a back-
plane that does not have packet switched capability. In any
embodiment, switch module 108 may communicate with
payload modules 110 via a plurality of links, for example and
without limitation, 100-ohm differential signaling pairs.
[0022] Inanembodiment, embedded computer chassis 100
and backplane 103 can use the CompactPCI (CPCI) Serial
Mesh Backplane (CSMB) standard as set forth in PCI Indus-
trial Computer Manufacturers Group (PICMG®) specifica-
tion 2.20, promulgated by PICMG, 301 Edgewater Place,
Suite 220, Wakefield, Mass. CSMB provides infrastructure
for applications such as Ethernet, Serial RapidIO, other pro-
prietary or consortium based transport protocols, and the like.
In another embodiment embedded computer chassis 100 can
use an Advanced Telecom and Computing Architecture
(ATCA™) standard as set forth by PICMG. The embodiment
is not limited to the use of these standards, and the use of other
standards is within the scope of the disclosure.

[0023] Embedded computer chassis 100 can include mul-
tiple power domains coupled to provide power, via backplane
103, to switch modules 108 and payload modules 110. Power
domains can supply for example and without limitation, DC
voltage to backplane 103 along any number of power rails,
bus bars, or conductors. Switch modules 108 and payload
modules 110 may be coupled to the power rails on the back-
plane 103. Multiple power domains may be independent of
each other so as to provide independent and redundant power
to backplane 103. In other words, multiple power domains
may be electrically isolated so as to provide power redun-
dancy to embedded computer chassis 100.
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[0024] Inanembodiment, embedded computer chassis 100
may provide redundancy in the slot configuration by provid-
ing that each slot 104 has a corresponding slot 106 such that
module 105 in slot 104 has a corresponding module 107 in
corresponding slot 106. In an embodiment, module 105 and
corresponding module 107 may provide the same function to
embedded computer chassis 100 such that module 105 and
corresponding module 107 are redundant in embedded com-
puter chassis 100. For example, if module 105 were to cease
to function, corresponding module 107 may assume the func-
tions of module 105 without interruption of service. This
redundancy may hold for both switch modules and payload
modules and provides embedded computer chassis 100 with
greater reliability.

[0025] In the embodiment shown, slot 1 and slot 2, which
may but do not need to correspond to a physical adjacency,
may contain switch modules 108 such that the switch mod-
ules perform redundant functions. In this embodiment, slot 1
corresponds to slot 2 and the switch module in slot 1 corre-
sponds to the switch module in slot 2. In another embodiment,
slot 13 and slot 14, which may but do not need to correspond
to a physical adjacency, may contain payload modules 110
such that the payload modules perform redundant functions.
In this embodiment, slot 13 corresponds to slot 14 and the
payload module in slot 13 corresponds to the payload module
in slot 14.

[0026] In the embodiment depicted in FIG. 1, slot 1 and
corresponding slot 2 are at opposite ends of embedded com-
puter chassis 100 and may be identified by their logical imple-
mentation. This separation may be to ensure maximum sepa-
ration distance between switch modules 108 for increased
reliability in case of the failure of one switch module. Other
mated pairs of slots may be separated by substantially a
half-length of embedded computer chassis 100. For example,
logical slot 3 may correspond with logical slot 4 such that slot
3 and corresponding slot 4 are separated by substantially a
half-length of embedded computer chassis 100. In another
illustrative example, logical slot 9 may correspond with logi-
cal slot 10 such that slot 9 and corresponding slot 10 are
separated by substantially a half-length of embedded com-
puter chassis 100. The slot locations depicted in FIG. 1 are not
limiting of the disclosure. Other slot configurations that sepa-
rate slots and corresponding slots by more or less than a
half-length of embedded computer chassis are within the
scope of the disclosure.

[0027] Thenumberofslots 102 depicted in embedded com-
puter chassis 100 is illustrative and not limiting of the disclo-
sure. The logical and physical slot designations may be
defined by one skilled in the art. Embedded computer chassis
100 may have any number of slots and modules and be within
the scope of the disclosure. Further, although slots and mod-
ules are depicted in a vertical orientation, this is not limiting
of'the disclosure. Embedded computer chassis 100 may have
slots and modules in a horizontal orientation or a combination
othorizontal and vertical orientations and be within the scope
of the disclosure.

[0028] FIG. 2 representatively illustrates a block diagram
of a power distribution system 200 in accordance with an
exemplary embodiment. In an embodiment, power distribu-
tion system 200 may be implemented in embedded computer
chassis 100, but this is not limiting of the disclosure. Power
distribution system 200 may be implemented in other envi-
ronments and be within the scope of the disclosure.
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[0029] As shown in FIG. 2, power distribution system 200
may include a first power domain 202 having a first power
entry module 220 and a second power domain 204 having a
second power entry module 222. First power domain 202 may
include a first plurality of power rails 206, while second
power domain 204 may include a second plurality of power
rails 208.

[0030] First and second power entry modules may function
to filter and monitor power entering embedded computer
chassis 100 and distribute power to its associated power rails.
In an exemplary embodiment, first power entry module 220
and second power entry module 222 may function to filter 100
amp, —48V DC power and distribute to first plurality of power
rails 206 and second plurality of power rails 208 respectively.
Distribution to first plurality of power rails 206 may occur
over first set of feed lines 224. Distribution to second plurality
of power rails 208 may occur over second set of feed lines
226. In an embodiment, feed lines may be synonymous with
power rails.

[0031] First power domain 202 and second power domain
204 may be independent of each other so as to provide power
independently and redundantly to power distribution system
200. In other words, first power domain 202 and second
power domain 204 may be electrically isolated so as to pro-
vide power redundancy to power distribution system 200.
[0032] Inan embodiment, first power domain 202 and sec-
ond power domain 204 may be coupled to plurality of mod-
ules 210. In an embodiment, plurality of modules 210 may be
switch modules 108, payload modules 110, and the like, as
discussed with reference to FIG. 1. In an embodiment, plu-
rality of modules 210 may also belong to plurality of mated
pairs 212, where each of the plurality of modules 210 is in
only one of the plurality of mated pairs 212. For example, one
of plurality of mated pairs 212 may include module 1 and
module 2. Another one of plurality of mated pairs 212 may
include module 3 and module 4, and so on. In the block
diagram embodiment a power distribution system 200 shown
in FIG. 2, the upper set of plurality of modules (1, 3,5, ...)
corresponds to one of the lower set of plurality of power
modules (2, 4, 6, . . . ) to form plurality of mated pairs 212.
This is not limiting of the disclosure as other schematic com-
binations of modules may form plurality of mated pairs 212
and be within the scope of the disclosure.

[0033] In an embodiment, a module and its corresponding
module may provide the same function to embedded com-
puter chassis such that the module and its corresponding
module are redundant. For example, if module 1 were to cease
to function, corresponding module 2 may assume the func-
tions of module 1 without interruption of service. The module
designations of FIG. 2 may be mapped to the slot designations
of the system.

[0034] Inthe embodiment shown, each power domain may
include two power rails. First power domain 202 may include
two power rails (power rail A1 215 and power rail A2 216),
while second power domain 204 may include two power rails
(power rail B1 217 and power rail B2 218). Each power rail
may supply power to one or more of plurality of modules 210.
For example and not limiting of the disclosure, if 50 amps of
current is being fed to each power entry module, then each
power rail can supply 25 amps to each connected module.
[0035] Inanembodiment, power distribution system 200 is
coupled to provide a redundant, reliable source of power to
each of the plurality of modules 210. To provide this redun-
dancy, each module may be coupled to one power rail from
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each of the first power domain 202 and the second power
domain 204. If one or more of first plurality of power rails 206
in the first power domain 202 or one or more of second
plurality of power rails 208 in the second power domain 204
fail, the module will still be able to draw power from the
remaining power domain. For example, module 1 is coupled
to power rail Al 215 from first plurality of power rails 206 in
first power domain 202 and power rail B1 217 from second
plurality of power rails 208 in second power domain 204.

[0036] Insome circumstances, failure of one of the plural-
ity of modules may cause one or both of the power rails
coupled to that module to fail. This can have the effect of
cutting off power supplied to other modules as well. In some
instances, power to both modules in a mated pair can be
faulted; thereby causing the functionality of that mated pair to
be removed from the system and potentially causing unac-
ceptable system downtime. In order to maximize reliability
and minimize the chances for such failures to occur, an
embodiment of the disclosure interleaves the coupling of
power rails to plurality of modules 210.

[0037] Inanembodiment, power rails can be interleaved to
plurality of slots 102 via the backplane 103 in an embedded
computer chassis 100 so as to provide maximum reliability
while supplying redundant power to each of plurality of mod-
ules 210 coupled to each of plurality of slots 102. However,
this is not limiting of the scope of the disclosure, as power
distribution system 200 may be applied in other environments
and using other delivery mechanisms besides a backplane and
still be within the scope of the disclosure.

[0038] Inan embodiment, interleaving power rails on each
of first power domain 202 and second power domain 204 may
follow one or more guidelines so as to maximize reliability
and minimize the chance that a module-centric failure will
disable other modules in the system.

[0039] In an embodiment, one guideline for interleaving
power rails is that each of the plurality of modules is coupled
to one of the first plurality of power rails 206 and one of the
second plurality of power rails 208 such that in a mated pair,
each module is coupled to two separate of the first and second
plurality of power rails. In other words, each module in a
mated pair 212 is coupled a different set of power rails from
the two power domains. In an exemplary embodiment, each
of'the plurality of modules 210 may be coupled to a 2-tuple of
one of the first plurality of power rails 206 and one of the
second plurality of power rails 208. This ensures that no two
modules from a mated pair 212 are coupled to the same set of
first plurality of power rails and second plurality of power
rails.

[0040] Table 1 illustrates that the mapping of power rails to
modules depicted in FIG. 2 meets the criteria of the guideline
above in that all combinations of 2-tuples of power rails
<1,1>,<1,2>, <2,1>, <2,2> are accounted for in the entries of
the table, where PR-A and PR-B refer to first plurality of
power rails (A1,A2) and second plurality of power rails (B1,
B2) respectively, and LS-A and LS-B refer to the logical
slot/module A (the upper half of plurality of modules) and
logical slot/module B of the mated pair (the lower half of
plurality of modules) respectively.
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TABLE 1

Mapping of Power Rails to Mated Slots (logical slot orientation)

Power Rails LS-A Mated Slots Power Rails LS-B
<PR-A, PR-B> <LS-A,LS-B> <PR-A, PR-B>
<1, 1> <1, 2> <2, 2>
<1, 2> <3,4> <2, 1>
<1, 1> <5, 6> <2, 2>
<1, 2> <7, 8> <2, 1>
<1, 1> <9, 10> <2, 2>
<1, 2> <11,12> <2, 1>
<1, 1> <13, 14> <2, 2>
<1, 2> <15, 16> <2, 1>
[0041] FIG. 3 representatively illustrates a block diagram

of a power distribution system 300 in accordance with
another exemplary embodiment. The embodiment, depicted
in FIG. 3 represents an analogous power distribution system
as that depicted in FIG. 2, where like elements have like
numbers. In the embodiment, depicted in FIG. 3, one of the
plurality of modules 310 (module 1) is illustrated in a fault
condition such as to cause both its power rails to fail as well
(the X’s and bold lines indicate which module, power rails
and connections are failed).

[0042] In this embodiment, the failure of module 1 has
disabled the two power rails coupled to module 1, so that
other modules coupled to these failed power rails cannot
receive power from the faulted power rails. As shown, one
power rail from each of first plurality of power rails 306 and
second plurality of power rails 308 is disabled. The failure of
module 1 disables not only module 1, but modules 5,9 and 13
as well. The dual power rail failure caused by the failure of
module 1 has also caused eight other modules (3, 4,7, 8, 11,
12,15 and 16) to go into simplex power mode where each of
these modules is supplied power by only one active power
rail. The remaining four modules (2, 6, 10 and 14) remain in
duplex power mode where each is supplied by two active
power rails.

[0043] Thepower failureillustrated in FIG. 3, faults sixteen
power connections, two on failed module 1, two each on
modules 5, 9 and 13, and eight on modules that are now
running in simplex (single power supply) power distribution
mode (no redundancy). Also, as shown, the failure of module
1 does not disable the mated pair 312, as module 2 is still
operational in duplex mode (power redundancy). In sum, the
resulting configuration of power distribution system 300 is
eight slots/modules running in simplex power distribution
mode, four slots/modules running in duplex power distribu-
tion mode and four failed slot/module as a result of the dual
power rail failure, where no mated pair is failed.

[0044] There are four cases for a first dual power rail failure
as described above, depending on which of the two power
rails in each domain failed. The first case described above is
the failure of power rail Al 415 and power rail B1 417. The
second case is the failure of power rail A1 415 and power rail
B2 418. The third case is the failure of power rail A2 416 and
power rail B1 417. The fourth case is the failure of power rail
A2 416 and power rail B2 418. All of these cases have the
same effect on the power distribution system 400.

[0045] Given these four cases of a first dual power rail
failure, there are sixteen cases for a second dual power rail
failure depending on the case of the first and second dual
power rail failure. The combinations of these two dual power
rail failures fall into patterns of the form <Acase, Bease>,
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where Acase and Bease are either “same” or “diff”” and indi-
cate whether the two power rail failures in power domain A
402 are on the same or different power rails and whether the
two power rail failures in power domain B 404 are on the same
or different power rails. Table 2 illustrates mapping of the
sixteen possible combinations to <Acase, Becase> format. For
example, if the first dual power rail failure takes out power rail
A1 415 and power rail B1 417, and the second dual power rail
failure takes out the same two power rails, this would be a
<same, same> case as shown in the first row of Table 2.

TABLE 2

Two Dual Power Rail Failures

First Failure Second Failure Case Name
<PR-A, PR-B> <PR-A, PR-B> <Acase, Bease>
<Al, Bl> <Al, Bl> <same, same>
<Al, Bl> <Al,B2> <same, diff>
<Al, Bl> <A2,Bl> <diff, same>

<Al, Bl> <A2,B2> <diff, diff>
<Al, B2> <Al, Bl> <same, diff>
<Al, B2> <Al,B2> <same, same>
<Al, B2> <A2,Bl> <diff, diff>
<Al, B2> <A2,B2> <diff, same>
<A2, Bl> <Al, Bl> <diff, same>
<A2, Bl> <Al,B2> <diff, diff>
<A2, Bl> <A2,Bl> <same, same>
<A2, Bl> <A2,B2> <same, diff>
<A2, B2> <Al,Bl> <diff, diff>
<A2, B2> <Al,B2> <diff, same>
<A2, B2> <A2,Bl> <same, diff>
<A2, B2>> <A2,B2>> <same, same>

[0046] The following figures and descriptions illustrate

exemplary embodiments of the cases put forth in Table 2 on
the effects of a second dual power rail failure.

[0047] FIG. 4 representatively illustrates a block diagram
of a power distribution system 400 in accordance with yet
another exemplary embodiment. The embodiment, depicted
in FIG. 4 represents an analogous power distribution system
as that depicted in FIG. 3, where like elements have like
numbers.

[0048] In the embodiment, depicted in FIG. 4, two of the
plurality of modules 410 (module 1 and module 5) are illus-
trated in a fault condition such as to cause both of their power
rails to fail (the X’s and bold lines indicate which module,
power rails and connections are failed). The embodiment of
FIG. 4 illustrates the <same, same> case of dual power rail
failure since the failure of both module 1 and module 5 cause
power rail Al 415 and power rail B1 417 to fail.

[0049] In this embodiment, the failure of module 1 has
disabled the two power rails coupled to module 1, so that
other modules coupled to these failed power rails cannot
receive power from the faulted power rails. The failure of
module 5 disables the two power rails coupled to module 5, so
that other modules coupled to these failed power rails cannot
receive power. Since module 1 and module 5 are coupled to
the same set of power rails, the second dual power rail failure
(module 5) does not cause any power rail failures past those
caused by the failure of module 1. As shown, one power rail
from each of first plurality of power rails 406 and second
plurality of power rails 408 is disabled. The dual power rail
failure of modules 1 and 5 disable not only module 1 and
module 5, but modules 9 and 13 as well. The dual power rail
failure caused by the failure of module 1 and module 5 has
also caused eight other modules (3,4, 7, 8, 11,12, 15 and 16)
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to go into simplex power mode where each of these modules
is supplied power by only one active power rail. The remain-
ing four modules (2, 6, 10 and 14) remain in duplex power
mode where each is supplied by two active power rails.
[0050] Thepower failure illustrated in FIG. 4, faults sixteen
power connections, two each on failed module 1 and module
5, two each on modules, 9 and 13, and eight on modules that
are now running in simplex (single power supply) power
distribution mode (no redundancy). Also, as shown, the fail-
ure of module 1 and module 5 does not disable any mated
pairs as modules 1, 5, 9 and 13 are failed but their respective
mates 2, 6, 10 and 14 are still operational in duplex mode
(power redundancy). In sum, the resulting configuration of
power distribution system 400 is eight slots/modules running
in simplex power distribution mode, four slots/modules run-
ning in duplex power distribution mode and four failed slot/
module as a result of the dual power rail failure, where no
mated pair is failed. It is clear from this exemplary embodi-
ment, that the failure of two modules and their associated
power rails leaves a robust and fully operational power dis-
tribution system 400 in place.

[0051] FIG. 5 representatively illustrates a block diagram
of a power distribution system 500 in accordance with still
another exemplary embodiment. The embodiment, depicted
in FIG. 5 represents an analogous power distribution system
as that depicted in FIG. 3, where like elements have like
numbers.

[0052] In the embodiment, depicted in FIG. 5, two of the
plurality of modules 510 (module 1 and module 3) are illus-
trated in a fault condition such as to cause both of their power
rails to fail (the X’s and bold lines indicate which module,
power rails and connections are failed). The embodiment of
FIG. 5 illustrates the <same, dift> case of dual power rail
failure. Both module 1 and module 3 have power rail A1 515
in common, while module 1 utilizes power rail B1 517 and
module 3 utilizes power rail B2 518. So the failure of module
1 and module 3 causes the failure of power rail A1 515, power
rail B1 517 and power rail B2 518.

[0053] In this embodiment, the failure of module 1 has
disabled the two power rails coupled to module 1, so that
other modules coupled to these failed power rails cannot
receive power from the faulted power rails. The failure of
module 3 disables the two power rails coupled to module 3, so
that other modules coupled to these failed power rails cannot
receive power. As shown, one power rail from the first plu-
rality of power rails 506 and two power rails from second
plurality of power rails 508 are disabled. The dual power rail
failure of modules 1 and 3 disable not only module 1 and
module 3, butmodules 5,7,9, 11, 13 and 15 as well. The dual
power rail failure caused by the failure of module 1 and
module 3 has also caused the remaining eight modules (2, 4,
6,8,10,12, 14 and 16) to go into simplex power mode where
each of these modules is supplied power by only one active
power rail. No modules remain in duplex power mode.
[0054] The power failure illustrated in FIG. 5, faults twenty
four power connections, two each on failed module 1 and
module 3, two each on modules, 5, 7,9, 11, 13 and 15, and
eight on modules that are now running in simplex (single
power supply) power distribution mode (no redundancy).
Also, as shown, the failure of module 1 and module 3 does not
cause any mated pairs to fail as modules 1, 3, 5,7, 9, 13 and
15 are failed but their respective mates 2,4, 6,8,10,12,14 and
16 are still operational in simplex mode (no power redun-
dancy). In sum, the resulting configuration of power distribu-
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tion system 500 is two failed modules, six failed slots/mod-
ules as a result of the two dual power rail failures and eight
slots/modules running in simplex power distribution mode,
where no mated pair is failed. It is clear from this exemplary
embodiment, that the failure of two modules and their asso-
ciated power rails leaves a robust and fully operational power
distribution system 500 in place.

[0055] FIG. 6, representatively illustrates a block diagram
of'a power distribution system 600 in accordance with still yet
another exemplary embodiment. The embodiment, depicted
in FIG. 6 represents an analogous power distribution system
as that depicted in FIG. 3, where like elements have like
numbers.

[0056] In the embodiment, depicted in FIG. 6, two of the
plurality of modules 610 (module 1 and module 4) are illus-
trated in a fault condition such as to cause both of their power
rails to fail (the X’s and bold lines indicate which module,
power rails and connections are failed). The embodiment of
FIG. 6 illustrates the <diff, same> case of dual power rail
failure. Module 1 is coupled to power rail Al 615, while
module 4 is coupled to power rail A2 616. However both
module 1 and module 4 have power rail B1 617 in common.
So the failure of module 1 and module 4 causes the failure of
power rail Al 615, power rail A2 616 and power rail B1 617.
[0057] In this embodiment, the failure of module 1 has
disabled the two power rails coupled to module 1, so that
other modules coupled to these failed power rails cannot
receive power from the faulted power rails. The failure of
module 4 disables the two power rails coupled to module 4, so
that other modules coupled to these failed power rails cannot
receive power. As shown, two power rails from the of first
plurality of power rails 606 and one power rail from second
plurality of power rails 608 are disabled. The dual power rail
failure of modules 1 and 4 disable not only module 1 and
module 4, but modules 5, 8,9, 12, 13 and 16 as well. The dual
power rail failure caused by the failure of module 1 and
module 4 has also caused the remaining eight modules (2, 3,
6,7,10,11, 14 and 15) to go into simplex power mode where
each of these modules is supplied power by only one active
power rail. No modules remain in duplex power mode.
[0058] The power failure illustrated in FIG. 6, faults twenty
four power connections, two each on failed module 1 and
module 4, two each on modules, 5, 8,9, 12, 13 and 16, and
eight on modules that are now running in simplex (single
power supply) power distribution mode (no redundancy).
Also, as shown, the failure of module 1 and module 4 does not
cause any mated pairs to fail as modules 1, 4, 5, 8,9, 12, 13
and 16 are failed but their respective mates 2, 3, 6, 7, 10, 11,
14 and 15 are still operational in simplex mode (no power
redundancy). In sum, the resulting configuration of power
distribution system 600 is two failed modules, six failed slots/
modules as a result of the two dual power rail failures and
eight slots/modules running in simplex power distribution
mode, where no mated pair is failed. It is clear from this
exemplary embodiment, that the failure of two modules and
their associated power rails leaves a robust and fully opera-
tional power distribution system 500 in place.

[0059] Although not shown or discussed, the <diff, diff>
case disables all four power rails and consequently disables
all slots/modules as well. Since all power and all slots/mod-
ules are disabled in this case, no discussion is warranted.
[0060] The above exemplary embodiments illustrate the
robustness of the interleaved power distribution system
depicted in FIGS. 2-6. FIG. 3 depicts a power distribution
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system with slots supplied in both simplex and duplex modes
after the first dual rail power fault. FIGS. 4-6 depict a power
distribution system with slots supplied in simplex mode after
two dual rail power faults.

[0061] Table 3 summarizes the results of the two dual
power rail failure cases. The expected case and the weighted
probability of occurrence show that nine blades fail, five
blades enter simplex power mode, one blade remains in
duplex power mode, and two mated pairs of blades fail. In
75% of the two dual power rail failures, no mated pairs are
lots, and therefore, no service-providing capacity of the chas-
sis is lost. This indicates an extremely robust power distribu-
tion system in the unlikely event of two dual power rail
failures.

TABLE 3
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[0066] Benefits, other advantages and solutions to prob-
lems have been described above with regard to particular
embodiments; however, any benefit, advantage, solution to
problem or any element that may cause any particular benefit,
advantage or solution to occur or to become more pronounced
are not to be construed as critical, required or essential fea-
tures or components of any or all the claims.

[0067] As used herein, the terms “comprise”, “comprises”,
“comprising”, “having”, “including”, “includes” or any
variation thereof, are intended to reference a non-exclusive
inclusion, such thata process, method, article, composition or
apparatus that comprises a list of elements does not include
only those elements recited, but may also include other ele-
ments not expressly listed or inherent to such process,

Summary of Two Dual Power Rail Failures

Number of Number of
Number of Blades in Blades in Number of
Case Name Probability  Blades Fail Simplex Power Duplex Power Mated Pairs Fail
<same, same> 0.25 4 4 4 0
<same, diff> 0.25 8 8 0 0
<diff, same> 0.25 8 8 0 0
<diff, diff> 0.25 16 0 0 8
Expected Case 9 5 1 2

[0062] FIG. 7 representatively illustrates a flow diagram
700 in accordance with an exemplary embodiment. Step 702,
provides a first plurality of power rails residing substantially
in the backplane. In an embodiment, the backplane may
reside in an embedded computer chassis. Step 704 provides a
second plurality of power rails residing substantially in the
backplane, where the first plurality of power rails is electri-
cally independent of the second plurality of power rails.
[0063] Step 706 provides a plurality of slots coupled to one
of the first plurality of power rails and one of the second
plurality of power rails, while step 708 provides a plurality of
mated pairs, where each of the plurality of slots is in only one
of the plurality of mated pairs. In step 710, each of the plu-
rality of mated pairs is coupled to two separate of the first and
second plurality of power rails.

[0064] In the foregoing specification, the disclosure has
been described with reference to specific exemplary embodi-
ments; however, it will be appreciated that various modifica-
tions and changes may be made without departing from the
scope of the present disclosure as set forth in the claims
below. The specification and figures are to be regarded in an
illustrative manner, rather than a restrictive one and all such
modifications are intended to be included within the scope of
the present disclosure. Accordingly, the scope of the disclo-
sure should be determined by the claims appended hereto and
their legal equivalents rather than by merely the examples
described above.

[0065] For example, the steps recited in any method or
process claims may be executed in any order and are not
limited to the specific order presented in the claims. Addi-
tionally, the components and/or elements recited in any appa-
ratus claims may be assembled or otherwise operationally
configured in a variety of permutations to produce substan-
tially the same result as the present disclosure and are accord-
ingly not limited to the specific configuration recited in the
claims.

method, article, composition or apparatus. Other combina-
tions and/or modifications of the above-described structures,
arrangements, applications, proportions, elements, materials
or components used in the practice of the present disclosure,
in addition to those not specifically recited, may be varied or
otherwise particularly adapted to specific environments,
manufacturing specifications, design parameters or other
operating requirements without departing from the general
principles of the same.

We claim:

1. A power distribution system, comprising:

a first power domain having a first plurality of power rails;

a second power domain having a second plurality of power
rails, wherein the first power domain is electrically inde-
pendent of the second power domain;

a plurality of modules coupled to the first power domain
and the second power domain, wherein each of the plu-
rality of modules is coupled to one of'the first plurality of
power rails and one of the second plurality of power
rails; and

a plurality of mated pairs, wherein each of the plurality of
modules is in only one of the plurality of mated pairs,
wherein each of the plurality of mated pairs is coupled to
two separate of the first and second plurality of power
rails.

2. The power distribution system of claim 1, wherein a
module in a mated pair is operationally redundant with a
corresponding module in the mated pair.

3. The power distribution system of claim 2, wherein the
module and the corresponding module are at least one of a
payload module and a switch module.

4. The power distribution system of claim 1, wherein the
plurality of modules are one of ATCA and CPCI modules.

5. The power distribution system of claim 1, wherein the
first and second plurality of power rails reside substantially in
a backplane.
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6. The power distribution system of claim 1, wherein the
first and second plurality of power rails have a DC voltage.

7. An embedded computer chassis having a backplane, the
embedded computer chassis comprising:

a first plurality of power rails residing substantially in the

backplane;

a second plurality of power rails residing substantially in
the backplane, wherein the first plurality of power rails is
electrically independent of the second plurality of power
rails;

a plurality of slots coupled to one of the first plurality of
power rails and one of the second plurality of power
rails; and

a plurality of mated pairs, wherein each of the plurality of
slots is in only one of the plurality of mated pairs,
wherein each of the plurality of mated pairs is coupled to
two separate of the first and second plurality of power
rails.

8. The embedded computer chassis of claim 7, wherein

each of the plurality of slots is coupled to receive a module.

9. The embedded computer chassis of claim 7, wherein
each of the plurality of slots in a mated pair is coupled to
receive a module which is operationally redundant with a
corresponding module coupled to the mated pair.

10. The embedded computer chassis of claim 9, wherein
the module and the corresponding module are at least one of
a payload module and a switch module.

11. The embedded computer chassis of claim 7, wherein
the embedded computer chassis is one of an ATCA and CPCI
embedded computer chassis.
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12. The embedded computer chassis of claim 7, wherein
the first and second plurality of power rails have a DC voltage.
13. A method of distributing power in an embedded com-
puter chassis, comprising: providing a first plurality of power
rails residing substantially in a backplane; providing a second
plurality of power rails residing substantially in the back-
plane, wherein the first plurality of power rails is electrically
independent of the second plurality of power rails;
providing a plurality of slots coupled to one of the first
plurality of power rails and one of the second plurality of
power rails;
providing a plurality of mated pairs, wherein each of the
plurality of slots is in only one of the plurality of mated
pairs; and

coupling each of the plurality of mated pairs to two sepa-

rate of the first and second plurality of power rails.

14. The method of claim 13, wherein each of the plurality
of'slots is coupled to receive a module.

15. The method of claim 13, further comprising coupling
each of the plurality of slots in a mated pair to receive a
module which is operationally redundant with a correspond-
ing module coupled to the mated pair.

16. The method of claim 15, wherein the module and the
corresponding module are at least one of a payload module
and a switch module.

17. The method of claim 13, wherein the embedded com-
puter chassis is one of an ATCA and CPCI embedded com-
puter chassis.

18. The method of claim 13, further comprising the first
and second plurality of power rails having a DC voltage.
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