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(57) Abstract: A cabled midplane interconnect system includes a cabled midplane interconnect having a first connection and a
second connection. A first circuit board has a third connection configured to be coupled to the first connection. A second circuit
board has a fourth connection configured to be coupled to the second connection. The connection orientations are assigned such that

O a midplane cable, having a plurality of conductors, couples the first connection to the second connection so that none of the plurality

W

of conductors crosses another of the plurality of conductors.
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MIDPLANE INTERCONNECT SYSTEM WITH CONDUCTOR TWIST
MITIGATION

CLAIM OF PRIORITY
[0001] This patent application claims the benefit of priority to U.S. Patent
Application Serial No. 14/581,119, filed December 23, 2014 which is

incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments described herein generally relate to midplanes.

BACKGROUND
[0003] A backplane is a group of electrical connectors in parallel with each
other so that each pin of each connector is linked to the same relative pin of all
the other connectors forming a computer bus. It may be used as a backbone to
connect several printed circuit boards together to make up a complete computer
system.
[0004] Some backplanes may be constructed with slots for connecting to
devices on both sides. These may be referred to as midplanes. The ability to plug
cards into either side of a midplane is often useful in systems such as network
switches. For example, a midplane may be used where one side of a chassis
accepts system processing cards and the other side of the chassis accepts
network interface cards.
[0005] As signaling rates of circuits increase, the insertion loss budgets of
the electrical channels (e.g., Director Class switch) decrease. For example, a line
card switch port may be connected to other line card switch ports through the
midplane. In order to maintain signal integrity attributes of an electrical channel,
the insertion loss of individual components that comprise the electrical channel
should be reduced. There are general needs for reducing insertion loss of

network switches.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1 illustrates a typical cabled midplane interconnect.
[0007] FIG. 2 illustrates a block diagram of an embodiment of a midplane
interconnect system with cable twist mitigation.
[0008] FIG. 3 illustrates a block diagram of another embodiment of the
midplane interconnect system with cable twist mitigation.
[0009] FIG. 4 illustrates a block diagram of yet another embodiment of the
midplane interconnect system with cable twist mitigation.
[0010] FIG. 5 illustrates a block diagram of yet another embodiment of the
midplane interconnect system with cable twist mitigation.
[0011] FIG. 6 illustrates a flowchart of an embodiment of a method for
mitigating cable twist in a midplane interconnect system.
[0012] FIG. 7 illustrates a block diagram of an embodiment of a printed
circuit board in accordance with various embodiments.
[0013] FIG. 8 illustrates a perspective view of a midplane connector

envelope for purposes of describing example embodiments.

DETAILED DESCRIPTION
[0014] Midplane interconnects may be used in systems (e.g., Director-class
switches) to interconnect circuit boards (e.g., printed circuit boards) to other
circuit boards. Midplane interconnects may be constructed of a printed circuit
board (i.e., PCB midplane) or of individual wires (i.e., cabled midplane). For
example, FIG. 1 illustrates a typical cabled midplane interconnect 100.
[0015] The cabled midplane interconnect 100 of FIG. 1 couples a first side
130 of the system to a second side 131 of the system. The system may be a
switching system that includes a plurality of printed circuit boards 101-108 (i.e.,
PCB, circuit board, circuit card, line card), each circuit board having respective
circuitry 110-117 (e.g., transmit and receive circuitry, switches, power, logic)
coupled to respective ports (e.g., connectors) 120A-127A on the circuit boards.
[0016] The midplane interconnect 100 includes connectors (e.g., ports)

120B-127B that mate with respective connectors 120A-127A on the circuit
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boards 101-108. Thus, the cabled midplane interconnect 100 provides the
connections from the circuit boards 101-104 on the first side 130 to the circuit
boards 105-108 on the second side 131. Subsequent reference to connectors
120A-127A of the respective circuit boards 101-108 will be assumed to also
include the connecting midplane interconnect connector 120B-127B.

[0017] The cabled midplane interconnect 100 comprises cables (e.g.,
individual wires, coaxial cable, twisted shielded wires, optical fiber) to
accomplish the interconnection between the two sides 130, 131 of the system.
Each connector connection may be referred to as a channel. Each connector may
be coupled to a transmitter (TX) circuit and a receiver (RX) circuit wherein the
TX circuit is responsible for transmitting signals from one side of the system
130, 131 across the midplane interconnect 100 to an associated RX circuit on the
other side 131, 130 of the system.

[0018] For example, circuit board 101 may have TX circuitry 110 that
transmits signals, through the midplane interconnect 100, to RX circuitry 114-
117 on each of circuit boards 105-108. Thus, the midplane interconnect cables
couple the transmit circuit board connector 120A to the receive connectors

124 A-127A of the respective circuit boards 105-108. Similarly, the connectors
121A-123A of respective circuit boards 102-104 are coupled through the cables
of the midplane interconnect 100 to connectors 124A-127A of respective circuit
boards 105-108. Thus, the cables in the midplane interconnect tend to overlap
and twist, causing increased size of the cabling as well as increased insertion
losses. The overlapping and twisting may lead to longer interconnects than what
a passive midplane interconnect cable may reach such that midplane optical
transceivers and cables are used to compensate for the limited reach passive
cables. This may result in both increased switch interconnect cost and increased
power consumption.

[0019] FIG. 8 is a perspective view of a line card module showing the
midplane connector envelope 800. The midplane connector envelope 800 has a
card width 802 that maximizes connector packaging density by reducing spacing
between the connectors 804 (of which four are shown per card in FIG. 8) and the

guide modules 806 (of which two are shown per card in FIG. 8) . A minimum
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vertical pitch 808 between adjacent boards 810, 812 provides the greatest
density, hence the shortest cabling lengths, which provides the smallest insertion
loss. A power module 814 supplies power to the line cards 810, 812.

[0020] Each midplane connector 104 comprises multiple columns and
multiple rows. In this embodiment, each column is a cable slice including
multiple connectors. As these cable slices are placed, any overlap or twist of the
cables which cause the width to grow larger than the column pitch, in both an x
and y direction, will cause a decrease in density and an increase in connector
length.

[0021] Subsequently described embodiments assign connector signals for the
midplane interconnect in such a way as to reduce or eliminate cable twist and
cable overlap for the midplane interconnect. The orientation of the circuit boards
with respect to each other also affects the connector signal assignments of the
midplane interconnect. Various embodiments are discussed subsequently with
reference to FIGs. 2-5. As used here, a cable comprise a plurality of conductors
and a cable twist may be a rotation of one end of the cable, while another end of
the cable is stationary, such that at least some of the individual conductors of the
cable are crossing or overlapping.

[0022] The connector signal assignments of the embodiments results in
increased packing density of the circuit boards 101-108 by reducing the cable
cross-section width to be equal to or less than a pitch of the circuit board
connector connection envelope. The increased packing density results in reduced
cable length which directly reduces insertion loss on a passive midplane
interconnect channel.

[0023] FIG. 2 illustrates a block diagram of an embodiment of a midplane
interconnect system with cable twist mitigation. The midplane interconnect 200,
for this embodiment as well as the following embodiments, is shown as a cabled
midplane interconnect 200 that may use any type of cable as discussed
previously. For purposes of brevity and clarity, the midplane interconnect
connectors (e.g., connectors) are not shown. These connectors are assumed to
have the same row assignment (i.e., connector pin assignment, connection) as

that shown for the coupled circuit board connector.
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[0024] FIG. 2 shows two printed circuit boards 201, 202 with respective
circuitry 205, 206 disposed thereon. The circuit board 201 on Side “A” is
coupled to one side of the midplane interconnect 200 and the circuit board 202
on Side “B” is coupled to the opposing side of the midplane interconnect 200.
[0025] In the illustrated embodiment, the circuitry 205, 206 includes
switching circuitry with accompanying transmitter and receiver circuitry (e.g.,
buffers, amplifiers) as indicated by the connector row assignments (e.g., TX or
RX). An embodiment of such circuitry is illustrated in FIG. 7 and discussed
subsequently. However, the present embodiments are not limited to any
particular circuitry.

[0026] The circuitry 205, 206 are coupled to respective circuit board
connectors 210, 220 through a plurality of conductors 240, 241 (e.g., printed
circuit board traces). Each conductor of the plurality of conductors 240, 241 on
each circuit board 201, 202 is assumed to be coupled to a different connection of
its respective connector 210, 220.

[0027] Each circuit board connector 210, 220 comprises a plurality of
respective connections (e.g., pinouts), that may also be referred to as rows 211-
214 and 221-224. Each row is labeled according to the function it is coupled to
on its respective circuitry 205, 206. The TX channel on one side (e.g., Side “B”)
is connected through the midplane interconnect 200 to the RX channel on the
other side (e.g., Side “A”). For example, connection 211 is coupled to RX
circuitry on its respective circuit board 201 and connection 221 is coupled to TX
circuitry on its respective circuit board 202. Thus the circuitry 206 on the Side
“B” circuit board 202 is configured to transmit a signal, through its respective
connection 221 of the midplane interconnect, to the circuitry 205 on Side “A”
circuit board 201, through its respective connection 211 of the midplane
interconnect.

[0028] FIG. 3 illustrates a block diagram of another embodiment of the
midplane interconnect system with cable twist mitigation. In this embodiment,
the Side “B” circuit board 302 is connected to the midplane interconnect 300
with a different orientation. The illustrated orientation has the Side “B” circuit

board 302 upside down with respect to the Side “A” circuit board 301.
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[0029] FIG. 3 shows two printed circuit boards 301, 302 with respective
circuitry 305, 306 disposed thereon. The circuit board 301 on Side “A” is
coupled to one side of the midplane interconnect 300 and the circuit board 302
on Side “B” is coupled to the opposing side of the midplane interconnect 300.
[0030] In the illustrated embodiment, the circuitry 305, 306 includes
switching circuitry with accompanying transmitter and receiver circuitry (e.g.,
buffers, amplifiers) as indicated by the connector row assignments (e.g., TX or
RX). An embodiment of such circuitry is illustrated in FIG. 7 and discussed
subsequently. However, the present embodiments are not limited to any
particular circuitry.

[0031] The circuitry 305, 306 are coupled to respective circuit board
connectors 310, 320 through a plurality of conductors 340, 341 (e.g., printed
circuit board traces). Each conductor of the plurality of conductors 340, 341 on
each circuit board 305, 306 is assumed to be coupled to a different connection of
its respective connector 310, 320.

[0032] Each circuit board connector 310, 320 comprises a plurality of
respective connections, also referred to as rows 311-314 and 321-324. Each row
is labeled according to the function it is coupled to on its respective circuitry
305, 306. The TX channel on one side (e.g., Side “B”) is connected through the
midplane interconnect 300 to the RX channel on the other side (e.g., Side “A”).
For example, connection 311 is coupled to RX circuitry on its respective circuit
board 301 and connection 324 is coupled to TX circuitry on its respective circuit
board 302. Thus the circuitry 306 on the Side “B” circuit board 302 is
configured to transmit a signal, through its respective connection 324 of the
midplane interconnect, to the circuitry 305 on Side “A” circuit board 301,
through its respective connection 311 of the midplane interconnect.

[0033] In the embodiments of both FIGs. 2 and 3, the circuit card 201, 301
on Side “A” has the TX connections 213, 214, 313, 314 and RX connections
211, 212, 311, 312 on the midplane interconnect 200, 300 in the same location
on their respective connectors 210, 310. In the illustrated embodiments, the TX
channels are on the bottom connections 213,214, 313, 314 (i.e., rows B and A)

while the RX channels are on the top connections 211, 212, 311, 312 (i.e., rows
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7 and Y). The assignment of connections (e.g., channels) on the side “B” circuit
board connector 220, 320 are then made such that a TX connection is directly
across from its associated RX connection.
[0034] In FIG. 2, for example, since both circuit boards 201, 202 are in the
5  same orientation, the Side “A” and Side “B” connections (i.e., rows A, B, Y, Z)
are directly opposite from each other. In other words, PCB Side “A”, row A
(pcbA.rA) is opposite PCB Side “B”, row A (pcbB.rA) (i.e., pcbA.rA —
pcbB.rA). Similarly, pcbA.rB — pcbB.1B; pcbA.rY « pcbB.rY; pcbA.rZ «—
pcbB.r7Z.

10 [0035] By assigning the RX connections on the bottom connections (Rows A
& B) of the side “B” circuit board 202 and the TX connections on the top of the
connector (Rows Y & 7), a midplane interconnect cable may be constructed that
connects Side “A” to Side “B” without a midplane twist. Such a method works
for any orientation of circuit boards having the same row to same row connector

15  orientation. While FIG. 2 shows both Side “A” and Side “B” with the circuit
board 201, 202 oriented with switch circuitry 205, 206 facing up the same
method of connection assignment may also be used if both circuit boards 201,
202 oriented with switch circuitry 205, 206 facing down.

[0036] FIG. 3 illustrates circuit boards (Side “A” and Side “B”) having an

20  opposing orientation with respect to each other. In the illustrated embodiment,
the Side “A” circuit board 301 switch circuitry 305 is facing up and the Side “B”
circuit board switch circuitry 306 is facing down. Another embodiment may
reverse this orientation.

[0037] In the embodiment of FIG. 3, pcbA.rA—pcbB.1Z; pcbA.rB —

25  pcbB.rY; pcbA.rY « pcbB.rB; pcbA.1rZ « pcbB.rA. By assigning the circuit
board 302 on Side “B” with the TX connections on the bottom of the connector
(i.e., Rows A & B), and with the RX connections on the top of the connector
(i-e., Rows Y & 7)), a midplane interconnect cable may be constructed that
connects Side “A” to Side “B” without a midplane twist.

30  [0038] FIG. 4 illustrates a block diagram of yet another embodiment of the

midplane interconnect system with cable twist mitigation. This embodiment
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shows four circuit boards 401-404 in which directly opposing circuit boards are
coupled directly together.

[0039] The Side “A” circuit boards 401, 402 include respective circuitry
405, 406 coupled through conductors to their respective connectors 420, 421.
Each connector 420, 421 includes respective connections 431-434 and 435-438.
Each connector 420, 421 has the TX connections 431, 432, 437, 438 on the
bottom of their respective connectors 420, 421 nearest the circuit board 401, 402
while the RX connections 433, 434, 435, 436 are on the top of their respective
connectors 420, 421. In other words, both of the Side “A” circuit boards 401,
402 have the same connection assignment orientation.

[0040] The Side “B” circuit boards 403, 404 include respective circuitry 407,
408 coupled through conductors to their respective connectors 422, 423. Each
connector 422, 423 includes respective connections 439-442 and 443-446. Each
connector 422, 423 has the TX connections 441, 442, 443, 444 on the top of
their respective connectors 422, 423 while the RX connections 439, 440, 445,
446 are on the bottom of their respective connectors 422, 423 nearest the circuit
board 403, 404. In other words, both of the Side “B” circuit boards 403, 404
have the same connection assignment orientation.

[0041] The connection assignment orientation of the Side “B” circuit boards
403, 404 is opposite that of the Side “A” circuit boards 401, 402. This enables a
direct connection between the directly opposing circuit boards. For example, the
TX connections 431, 432 of the top circuit board 401 on Side “A” may be
directly connected without twists to the RX connections 439, 440 of the top
circuit board 403 on Side “B”. Similarly, the TX connections 441, 442 of the top
circuit board 403 on Side “B” may be directly connected without twists to the
RX connections 433, 434 of the top circuit board 401 on Side “A”. The
orientation and connections between the bottom circuit boards 402, 404 are
substantially similar to the above.

[0042] FIG. 5 illustrates a block diagram of yet another embodiment of the
midplane interconnect system with cable twist mitigation. This embodiment
shows four circuit boards 501-504 in which diagonally opposite circuit boards

are coupled directly together.
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[0043] The Side “A” circuit boards 501, 502 includes respective circuitry
505, 506 coupled through conductors to their respective connectors 520, 521.
Each connector 520, 521 includes respective connections 531-534 and 535-538.
Each connector 520, 521 has the TX connections 531, 532, 537, 538 on the
bottom of their respective connectors 520, 521 nearest the circuit board 501, 502
while the RX connections 533, 534, 535, 536 are on the top of their respective
connectors 520, 521. In other words, both of the Side “A” circuit boards 501,
502 have the same connector connection assignment orientation.

[0044] The Side “B” circuit boards 503, 504 include respective circuitry 507,
508 coupled through conductors to their respective connectors 522, 523. Each
connector 522, 523 includes respective connections 539-542 and 543-546. Each
connector 522, 523 has the TX connections 539, 540, 545, 546 on the bottom of
their respective connectors 522, 523 nearest the circuit board 503, 504 while the
RX connections 541, 542, 543, 544 are on the top of their respective connectors
522, 523. In other words, both of the Side “B” circuit boards 503, 504 have the
same connector connection assignment orientation. Additionally, in this
embodiment, all of the circuit boards 501-504 have the same connector
connection orientation with respect to each other. Fig. 5 midplane 500 shows
circuit board 501 connection to circuit board 504. Connection are not shown but
are assumed for circuit board 502 connection to circuit board 503.

[0045] The connection assignment orientation of the Side “B” circuit board
504 is the same as that of the Side “A” circuit board 501. Since the Side “B”
circuit board 504 is inverted with respect to the Side “A” circuit board 501, the
connections of the Side “B” circuit board connector 523 may be made directly to
the Side “A” circuit board connector 520. For example, the TX connections 545,
546 of the bottom circuit board 504 on Side “B” may be directly connected
without twists to the RX connections 533, 534 of the top circuit board 501 on
Side “A”. Similarly, the TX connections 531, 532 of the top circuit board 501 on
Side “A” may be directly connected without twists to the RX connections 543,
544 of the bottom circuit board 504 on Side “B”.

[0046] FIG. 6 illustrates a flowchart of an embodiment of a method for

mitigating cable twist in a midplane interconnect system. The method includes,
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in block 601, providing a midplane having a first connector with a first
connection orientation and a second connector having a second connection
orientation. In block 603, connection orientations are assigned to connectors of
first and second circuit boards such that transmit connections on the first circuit
5  board may be connected to receive connections on the second circuit board,
when the first and second circuit boards are coupled to the midplane
interconnect, without midplane cable conductors crossing or the cable being
twisted.
[0047] FIG. 7 is a block diagram illustrating an apparatus in the example
10 form of a circuit board apparatus 700 (e.g., Director Class Network Switch
(DCNS)). The above-described circuit boards may be implemented in a
switching system) using one or more of the blocks illustrated in FIG. 7.
[0048] The apparatus 700 may include at least one controller 702 (e.g., a
central processing unit (CPU), a graphics processing unit (GPU) or both,
15  processor cores, compute nodes, etc.), a main memory 704 and a static memory
706 that communicate with each other via a link 708 (e.g., bus). The apparatus
700 may additionally include a storage device 716 (e.g., a drive unit), and a
network interface device 720. The network interface device 720 may include
switches, transmitter circuitry and/or receiver circuitry to couple the apparatus to
20 the midplane interconnect 726.
[0049] The storage device 716 includes a computer-readable medium 722 on
which is stored one or more sets of data structures and instructions 724 (e.g.,
software) embodying or utilized by any one or more of the methodologies or
functions described herein. The instructions 724 may also reside, completely or
25  atleast partially, within the main memory 704, static memory 706, and/or within
the processor 702 during execution thereof by the communication apparatus 700,
with the main memory 704, static memory 706, and the processor 702 also
constituting computer-readable media.
[0050] While the computer-readable medium 722 is illustrated in an example
30  embodiment to be a single medium, the term “computer-readable medium” may

include a single medium or multiple media (e.g., a centralized or distributed

10
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database, and/or associated caches and servers) that store the one or more
instructions 724.

[0051] The apparatus 700 may further include a power supply module 712.
The power supply module 712 may provide power for both the apparatus 700 as
well as other circuit boards in the system.

[0052] The apparatuses, devices, and methods described above may include
or be included in high-speed computers, communication and signal processing
circuitry, single or multi-processor modules, single or multiple embedded
processors, multi-core processors, message information switches, and
application-specific modules including multilayer, multi-chip modules. Such
apparatuses may further be included as sub-components within a variety of other
apparatuses (e.g., electronic systems), such as televisions, cellular telephones,
personal computers (e.g., laptop computers, desktop computers, handheld
computers, etc.), tablets (e.g., tablet computers), workstations, radios, video
players, audio players (e.g., MP3 (Motion Picture Experts Group, Audio Layer
3) players), vehicles, medical devices (e.g., heart monitor, blood pressure
monitor, etc.), set top boxes, and others.

[0053] The Abstract is submitted with the understanding that it will not be
used to limit or interpret the scope or meaning of the claims. The following
claims are hereby incorporated into the detailed description, with each claim

standing on its own as a separate embodiment.

Examples:

[0054] The following examples pertain to further embodiments.

[0055] Example 1 is a system comprising: a cabled midplane interconnect
having a first connection and a second connection; a first circuit board having a
third connection configured to be coupled to the first connection; and a second
circuit board having a fourth connection configured to be coupled to the second
connection, wherein the fourth connection is configured such that a midplane
cable, having a plurality of conductors, couples the first connection to the second
connection such that none of the plurality of conductors crosses another of the

plurality of conductors.

11
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[0056] In Example 2, the subject matter of Example 1 can optionally include
wherein the system is a Director Class Network Switch.
[0057] In Example 3, the subject matter of Examples 1-2 can optionally
include wherein each of the first and second circuit boards comprise switching

5  circuitry.
[0058] In Example 4, the subject matter of Examples 1-3 can optionally
include wherein the third connection comprises a first plurality of transmit
connections and a first plurality of receive connections and the fourth connection
comprises a second plurality of transmit connections and a second plurality of

10 receive connections wherein the fourth connection is configured such that the
first plurality of transmit connections are coupled to the midplane interconnect
directly across from the second plurality of receive connections.

[0059] In Example 5, the subject matter of Examples 1-4 can optionally
include wherein the fourth connection is further configured such that the first

15  plurality of receive connections are coupled to the midplane interconnect directly
across from the second plurality of transmit connections.

[0060] In Example 6, the subject matter of Examples 1-5 can optionally
include wherein the first and second circuit boards have the same orientation
with respect to their respective connections.

20 [0061] In Example 7, the subject matter of Examples 1-6 can optionally
include wherein the first and second circuit boards have opposite orientations
with respect to their respective connections.

[0062] In Example 8, the subject matter of Examples 1-7 can optionally
include wherein the first circuit board is coupled to the midplane interconnect

25  diagonally from the second circuit board.

[0063] In Example 9, the subject matter of Examples 1-8 can optionally
include a third circuit board having a fifth connection and a fourth circuit board
having a sixth connection wherein the first circuit board is coupled to the
midplane interconnect directly across from the second circuit board and the third

30  circuit board is coupled to the midplane interconnect directly across from the
fourth circuit board, further wherein transmit connections of the third connection

are coupled through the midplane interconnect directly across from receive

12



WO 2016/105901 PCT/US2015/063750

10

15

20

25

30

connections of the fourth connection and transmit connections of the fifth
connection are coupled through the midplane interconnect directly across from
the receive connections of the sixth connection.

[0064] Example 10 is a cabled midplane interconnect, comprising: a first
connector having a first connection orientation including a first plurality of
transmit connections and a first plurality of receive connections; a second
connector having a second connection orientation including a second plurality of
transmit connections and a second plurality of receive connections; and a cable
comprising a plurality of conductors, each conductor coupling a connection in
the first connector with a corresponding connection in the second connector,
wherein the second connection orientation is configured such that the first
plurality of transmit connections is coupled to the second plurality of receive
connections and the first plurality of receive connections is coupled to the
second plurality of transmit connections such that none of the plurality of
conductors crosses another one of the plurality of conductors.

[0065] In Example 11, the subject matter of Example 10 can optionally
include wherein a total width of the plurality of conductors does not exceed a
pitch of the first or second connectors.

[0066] In Example 12, the subject matter of Examples 10-11 can optionally
include wherein the first connector is disposed on the midplane interconnect
directly opposite the second connector.

[0067] In Example 13, the subject matter of Examples 10-12 can optionally
include wherein the first connector is disposed on the midplane interconnect
diagonally opposite the second connector.

[0068] In Example 14, the subject matter of Examples 10-13 can optionally
include wherein the plurality of conductors comprise one or more of individual
wires, coaxial cable, twisted shiclded wires, and/or optical fiber.

[0069] Example 15 is a method for producing a cabled midplane
interconnect, the method comprising: providing a midplane interconnect having
a first connector and a second connector; and assigning a first connection
orientation to the first connector and a second connection orientation to the

second connector such that transmit and receive connections on first and second

13
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circuit boards are connected through a plurality of conductors of a midplane
interconnect cable without any of the plurality of conductors overlapping another
of the plurality of conductors.

[0070] In Example 16, the subject matter of Example 15 can optionally
include assigning a transmit connection directly across the midplane
interconnect from the first connector to a receive connection on the second
connector; and assigning a receive connection directly across the midplane
interconnect from the first connector to a transmit connection on the second
connector.

[0071] In Example 17, the subject matter of Examples 15-16 can optionally
include assigning a transmit connection diagonally across the midplane
interconnect from the first connector to a receive connection on the second
connector; and assigning a receive connection diagonally across the midplane
interconnect from the first connector to a transmit connection on the second
connector.

[0072] In Example 18, the subject matter of Examples 15-17 can optionally
include wherein assigning the first connection orientation to the first connector
and the second connection orientation to the second connector comprises
assigning the first connection orientation to the first connector and the second
connection orientation to the second connector such that the midplane
interconnect cable is not twisted.

[0073] In Example 19, the subject matter of Examples 15-18 can optionally
include wherein assigning the first connection orientation to the first connector
and the second connection orientation to the second connector comprises
assigning the first connection orientation to the first connector and the second
connection orientation to the second connector such that the midplane
interconnect cable has a width that is less than or equal to a pitch of the first or
second connectors.

[0074] In Example 20, the subject matter of Examples 15-19can optionally
include providing the midplane interconnect cable configured to couple the first

connector to the second connector such that the cable is not twisted.
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CLAIMS

‘What is claimed is:

1. A system comprising:

a cabled midplane interconnect having a first connection and a second
connection;

a first circuit board having a third connection configured to be coupled to
the first connection; and

a second circuit board having a fourth connection configured to be
coupled to the second connection, wherein the fourth connection
is configured such that a midplane cable, having a plurality of
conductors, couples the first connection to the second connection
such that none of the plurality of conductors crosses another of

the plurality of conductors.

2. The system of claim 1, wherein the system is a Director Class Network
Switch.
3. The system of claim 1, wherein each of the first and second circuit

boards comprise switching circuitry.

4. The system of claim 1, wherein the third connection comprises a first
plurality of transmit connections and a first plurality of receive connections and
the fourth connection comprises a second plurality of transmit connections and a
second plurality of receive connections wherein the fourth connection is
configured such that the first plurality of transmit connections are coupled to the
midplane interconnect directly across from the second plurality of receive

connections.

5. The system of claim 4, wherein the fourth connection is further

configured such that the first plurality of receive connections are coupled to the
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midplane interconnect directly across from the second plurality of transmit

connections.

6. The system of claim 1, wherein the first and second circuit boards have

the same orientation with respect to their respective connections.

7. The system of claim 1, wherein the first and second circuit boards have

opposite orientations with respect to their respective connections.

8. The system of claim 7, wherein the first circuit board is coupled to the

midplane interconnect diagonally from the second circuit board.

9. The system of claim 1, further comprising a third circuit board having a
fifth connection and a fourth circuit board having a sixth connection wherein the
first circuit board is coupled to the midplane interconnect directly across from
the second circuit board and the third circuit board is coupled to the midplane
interconnect directly across from the fourth circuit board, further wherein
transmit connections of the third connection are coupled through the midplane
interconnect directly across from receive connections of the fourth connection
and transmit connections of the fifth connection are coupled through the
midplane interconnect directly across from the receive connections of the sixth

connection.

10. A cabled midplane interconnect, comprising:

a first connector having a first connection orientation including a first
plurality of transmit connections and a first plurality of receive
connections;

a second connector having a second connection orientation including a
second plurality of transmit connections and a second plurality of
receive connections; and

a cable comprising a plurality of conductors, each conductor coupling a

connection in the first connector with a corresponding connection

16
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in the second connector, wherein the second connection
orientation is configured such that the first plurality of transmit
connections is coupled to the second plurality of receive
connections and the first plurality of receive connections is

5 coupled to the second plurality of transmit connections such that
none of the plurality of conductors crosses another one of the

plurality of conductors.

11. The cabled midplane interconnect of claim 10, wherein a total width of
10 the plurality of conductors does not exceed a pitch of the first or second

connectors.

12. The cabled midplane interconnect of claim 10, wherein the first
connector is disposed on the midplane interconnect directly opposite the second

15 connector.

13. The cabled midplane interconnect of claim 10, wherein the first
connector is disposed on the midplane interconnect diagonally opposite the

second connector.

20
14. The cabled midplane interconnect of claim 10, wherein the plurality of
conductors comprise one or more of individual wires, coaxial cable, twisted
shielded wires, and/or optical fiber.
25 15. A method for producing a cabled midplane interconnect, the method
comprising:
providing a midplane interconnect having a first connector and a second
connector; and
assigning a first connection orientation to the first connector and a
30 second connection orientation to the second connector such that

transmit and receive connections on first and second circuit

boards are connected through a plurality of conductors of a

17
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midplane interconnect cable without any of the plurality of

conductors overlapping another of the plurality of conductors.

16. The method of claim 15, further comprising:

5 assigning a transmit connection directly across the midplane interconnect
from the first connector to a receive connection on the second
connector; and

assigning a receive connection directly across the midplane interconnect
from the first connector to a transmit connection on the second

10 connector.

17. The method of claim 15, further comprising:
assigning a transmit connection diagonally across the midplane
interconnect from the first connector to a receive connection on
15 the second connector; and
assigning a receive connection diagonally across the midplane
interconnect from the first connector to a transmit connection on

the second connector.

20 18. The method of claim 15, wherein assigning the first connection
orientation to the first connector and the second connection orientation to the
second connector comprises assigning the first connection orientation to the first
connector and the second connection orientation to the second connector such
that the midplane interconnect cable is not twisted.

25
19. The method of claim 15, wherein assigning the first connection
orientation to the first connector and the second connection orientation to the
second connector comprises assigning the first connection orientation to the first
connector and the second connection orientation to the second connector such

30  that the midplane interconnect cable has a width that is less than or equal to a

pitch of the first or second connectors.

18
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20. The method of claim 15, further comprising providing the midplane
interconnect cable configured to couple the first connector to the second

connector such that the cable is not twisted.

19
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PROVIDE A MIDPLANE INTERCONNECT HAVING A FIRST
CONNECTION WITH A FIRST CONNECTION ORIENTATION AND A
SECOND CONNECTION WITH A SECOND CONNECTION ORIENTATION

% B3

ASSIGNING CONNECTION GRIENTATIONS TG FIRST AND SECOND
CIRCUT BOARDS SUCH THAT TRANSMIT AND RECEVE CONNECTIONS
ON FIRST AND SECOND CIRCUIT BOARDS MAY BE CONNECTED
THROUGH THE MIDPLANE WITHOUT CONDUCTORS CROSSING
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