2015/04739'7 A1 I 00 0 0010 0RO O

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

2 April 2015 (02.04.2015)

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2015/047397 Al

(51

eay)

(22)

(25)
(26)
1

(72

74

International Patent Classification:
H040 1/02 (2006.01)

International Application Number:
PCT/US2013/062635

International Filing Date:
30 September 2013 (30.09.2013)

English
Publication Language: English

Applicant: HEWLETT-PACKARD DEVELOPMENT
COMPANY, L.P. [US/US]; 11445 Compaq Center Drive
W., Houston, Texas 77070 (US).

Inventors: NEWMAN, Jerry R.; 14231 Tandem
Boulevard, Austin, Texas 78728 (US). SUNG, Jeffrey;
11445 Compaq Center Drive W., Houston, Texas 77070
(US). YORK, Justin E.; 11445 Compagq Center Drive W.,
Houston, Texas 77070 (US). HUA, Chanh V.; 11445
Compaq Center Drive W., Houston, Texas 77070 (US).

Agents: COXE, Angela Mae ct al; Hewlett-Packard

Filing Language:

(81) Designated States (uniess otherwise indicated, for every

(84)

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Company, Intellectual Property Administration, 3404 E. Declarations under Rule 4.17:

Harmony Rd. MS:35, Fort Collins, Colorado 80528 (US).

as to the identity of the inventor (Rule 4.17(i))

[Continued on next page]

(54) Title: STACKING NETWORK SWITCHES

<

2

Fig. 2

el

o
R
=
o

(57) Abstract: A stacking connector is provided herein. The stacking connector includes a first plurality of pins, a second plurality
of pins and a set of wires. The first plurality of pins to connect to a first network switch. The second plurality of pins to connect to a
second network switch. The set of wires to couple the first plurality of pins to the second plurality of pins. The first plurality of pins
o and the second plurality of pins to stack the first network switch and the second network switch.



WO 2015/047397 A1 AT 00T VT 0N O A

Published:
—  with international search report (Art. 21(3))



WO 2015/047397 PCT/US2013/062635
83268600

STACKING NETWORK SWITCHES

BACKGROUND
[0001] Network switches are stacked together in integrated systems. A
stacking link connects two network ports of two network switches together to
increase the bandwidth. Traditionally, expensive cables are used to form a
stacking link. Not only are the cables expensive, but the cables use valuable

faceplate ports, which reduced the potential performance of the network

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] Non-limiting examples of the present disclosure are described in
the following description, read with reference to the figures attached hereto and
do not limit the scope of the claims. In the figures, identical and similar
structures, elements or parts thereof that appear in more than one figure are
generally labeled with the same or similar references in the figures in which they
appear. Dimensions of components and features illustrated in the figures are
chosen primarily for convenience and clarity of presentation and are not
necessarily to scale. Referring to the attached figures:
[0003] FIG. 1 illustrates a block diagram of a stacking connector to
connect two network switches according to an example;
[0004] FIG. 2 illustrates a schematic diagram of a portion of the stacking
connector of FIG. 1 according to an example;
[0005] FIG. 3 illustrates a schematic diagram of the stacking connector of
FIG. 1 according to an example;
[0006] FIG. 4 illustrates a block diagram of an assembly to connect two

network switches;
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[0007] FIG. 5 illustrates a perspective diagram of the assembly of FIG. 4
according to an example;

[0008] FIG. 6 illustrates a perspective diagram of a system usable with
the assembly of FIG. 4 according to an example; and

[0009] FIGS. 7-9 illustrate flow charts of methods to stack two network

switches using an assembly according to examples.

DETAILED DESCRIPTION
[0010] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, and in which is depicted by
way of illustration specific examples in which the present disclosure may be
practiced. ltis to be understood that other examples may be utilized and
structural or logical changes may be made without departing from the scope of
the present disclosure.
[0011] In examples, a stacking connector to connect two network
switches is provided. The stacking connector includes a first plurality of pins
and a second plurality of pins, a set of wires. The first plurality of pins to
connect to a first network switch. The second plurality of pins to connect to a
second network switch. The set of wires to couple the first plurality of pins to
the second plurality of pins. The first plurality of pins and the second plurality of
pins to stack the first network switch and the second network switch.
[0012] As used herein, the phrase “plurality of pins or PCB connector”
refers to a high speed connector, such as a peripheral component interconnect
express (PCle) connector pin.
[0013] As used herein, the phrase “compute system” refers to a
combination of electronic components, such as electronic components usable
with a server, blade server, or server cartridge that provide computer solutions,
storage solutions, network solutions and/or cloud services.
[0014] As used herein, the phrase “stacking connector” refers to a
connection formed through a plurality of pins, such as PCle connector pins.
The stacking connector may be enclosed by a computing cartridge and/or

formed of unused pins of a compute system.
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[0015] As used herein, the term “wire” refers to an electronic connection
formed of a copper trace or an optical fiber.

[0016] As used herein, the phrase “printed circuit assembly” refers to a
printed circuit board with electronic components connected thereto.

[0017] As used herein, the phrase “baseboard” refers to a printed circuit
board in a chassis, such as a motherboard that is formed to receive electronic
components.

[0018] As used herein, the term “slot” refers to a physical or logical
separation formed between connections on a baseboard. For example, a slot
with a physical separation may be used to align electronic components and/or
stacking connector on the baseboard. A slot with a logical separation may be
used to identify a portion or connection on the baseboard.

[0019] As used herein, the phrase “baseboard connector” refers to a
connector on the baseboard formed to receive a plurality of pins.

[0020] As used herein, the phrase “switch connector” refers to a high
speed connector on a network switch formed to receive a network connector on
the baseboard.

[0021] As used herein, the phrase “network connector” refers to a
connector on the baseboard formed to receive a switch connector.

[0022] As used herein, the phrase “board connection” refers to a
connection on a baseboard that connects multiple plurality of pins on the
baseboard to one another via, for example, wires, copper traces, and/or optical
fibers. For example, the board connection connects a baseboard connector to a
network connector.

[0023] FIG. 1 illustrates a block diagram of a stacking connector to
connect two network switches according to an example. The stacking
connector 100 includes a first plurality of pins 120, a second plurality of pins
140, and a set of wires 160. The first plurality of pins 120 to connect to a first
network switch. The second plurality of pins 140 to connect to a second
network switch. The set of wires 160 to couple the first plurality of pins 120 to

the second plurality of pins 140. The first plurality of pins 120 and the second
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plurality of pins 140 to stack the first network switch and the second network
switch.

[0024] FIG. 2 illustrates a schematic diagram of a portion of the stacking
connector 100 of FIG. 1 according to an example. In FIG. 2, the stacking
connector 100 is illustrated as a printed circuit board. The stacking connector
100 includes the first plurality of pins 120 connected to a network switch A.
Similarly, the second plurality of pins 140 are connected to a switch B. The first
plurality of pins 120 may include a first set of PCle connector pins to connect to
a baseboard. The second plurality of pins 140 may include a second set of
PCle connector pins to connect to the baseboard.

[0025] For example, the first plurality of pins 120 includes a first set of
four PCle connectors pins on the stacking connector 100 to connect to switch A,
i.e., a first connector pin 222, a second connector pin 224, a third connector pin
226, and a fourth connector pin 228. Similarly, the second plurality of pins 140
are connected to switch B via a second set of four pins , i.e., a fifth connector
pin 242, a sixth connector pin 244, a seventh connector pin 246, an eighth
connector pin 248. Each connector of the first set of four plurality of pins 222,
224, 226, 228 are connected to one of the second set of four pins 242, 244,
246, 248 via the set of wires 160. As illustrated, the first connector pin 222 is
connected to the fifth connector pin 242 via a first wire 262. The second
connector pin 224 is connected to the sixth connector pin 244 via the second
wire 264. The third connector pin 226 is connected to the seventh connector
pin 246 via the third wire 266. The fourth connector pin 228 is connected to the
eighth connector pin 248 via the fourth wire 268.

[0026] The set of wires 160 may include, for example, a copper trace or
an optical fiber. The set of wires 160 may also include various connector types,
such as a single ended connection or a differential connection. The stacking
connector 100 is usable with a variety of configurations, such as a blade form
factor server, a server cartridge, and/or a storage cartridge. Referring to FIG. 2,
the use of the plurality of pins may be either on a printed circuit board dedicated
to stacking network switches or a set of “extra” pins on a server or storage

cartridge. Both cases enable the stacking to occur internal a computing system
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having a common baseboard or motherboard. Internal stacking provides
performance advantages by saving valuable faceplate ports and improving the
bandwidth.

[0027] FIG. 3 illustrates a schematic diagram of the stacking connector
100 of FIG. 1 according to an example. FIG. 3 illustrates the wires 160 between
the first and second plurality of pins 120, 140 as PCle connector pins. Each set
of PCle connector pins is associated with the first or the second plurality of pins
120, 140. The PCle connector pins of the first plurality of pins 120 connects to
a first network switch and includes a first positive receiving pin 321, a first
negative receiving pin 322, a first positive transmission pin 323, and a first
negative transmission pin 324. The PCle connector pins of the second plurality
of pins 140 connect to a second network switch and include a second positive
transmission pin 341, a second negative transmission pin 342, a second
position receiving pin 343, and a second negative receiving pin 344.

[0028] The PCle connector pins are connected to one another via the set
of wires 160 as illustrated in FIG. 3. For example, the first positive receiving pin
321 is connected to the second positive transmission pin 341. The first negative
receiving pin 322 is connected to the second negative transmission pin 342.
The first positive transmission pin 323 is connected to the second positive
receiving pin 343. The first negative transmission pin 324 is connected to the
second negative receiving pin 344.

[0029] FIG. 4 illustrates a block diagram of an assembly 400 to connect
two network switches. The assembly 400 may include for example a printed
circuit assembly. The assembly 400 includes a baseboard 410 and a stacking
connector 100. The baseboard 410 includes: at least two network connectors,
at least two baseboard connectors, and a plurality of board connections that
connect the at least two network connectors to the at least two baseboard
connectors. For example, the at least two network connectors include a first
network connector 432 connected to a first network switch and a second
network connector 454 connected to a second network switch. The at least two
baseboard connectors include a first baseboard connector 420 and a second

baseboard connector 440 on the baseboard to receive the stacking connector
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100. The plurality of board connections include a first board connection 470
between the first baseboard connector 420 and the first network connector 432,
and the second board connection 490 between the second baseboard
connector 440 and the second network connector 454. The plurality of board
connections may include additional board connections for various electronic
components and may be formed of wires, copper traces, and/or optical fibers.
[0030] A stacking connector 100 is connected to the at least two
baseboard connectors. The stacking connector 100 includes a first plurality of
pins 120, a second plurality of pins 140, and a set of wires 160. The first
plurality of pins 120 connects to a first network switch via the first baseboard
connector 420. The second plurality of pins 140 to connect to a second network
switch via the second baseboard connector 440. The set of wires 160 on the
stacking connector 100 to connect the first plurality of pins 120 to the second
plurality of pins 140. The first plurality of pins 120 and the second plurality of
pins 140 to stack the first network switch and the second network switch.
[0031] FIG. 5 illustrates a perspective diagram of the assembly 400 of
FIG. 4 according to an example. The assembly 400 as illustrated to include the
baseboard 410 as a printed circuit board, such as a motherboard. The printed
circuit board of the baseboard 410 is distinct from the printed circuit board may
form the stacking connector 100. The assembly 400 further includes an array of
slots 505 aligned with the baseboard 410 such that at least one slot 505A of the
array of slots 505 aligns with the first baseboard connector 420 and the second
baseboard connector 440. The baseboard 410 further includes a first network
connector 432 connected to a first network switch 530 and a second network
connector 454 connected to a second network switch 550. The first board
connection 470 is illustrated between the first baseboard connector 420 and the
first network connector 432, and the second board connection 490 is illustrated
between the second baseboard connector 440 and the second network
connector 454. The board connections may be formed of wires, copper traces,
and/or optical fibers.

[0032] The first network switch 530 includes a first switch connector 532

to connect the first network switch 530 to the first board connection 470 via the
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first network connector 432. The second network switch 550 includes a second
switch connector 554 to connect the second network switch 550 to a second
board connection 490 via a second network connector 454.

[0033] A stacking connector 100 is connected to the baseboard 410. The
first plurality of pins 120 connects to a first network switch 530 via the first
baseboard connector 420. The second plurality of pins 140 connects to a
second network switch 550 via a second baseboard connector 440. The set of
wires 160 on the stacking connector 100 to connect the first plurality of pins 120
to the second plurality of pins 140.

[0034] The assembly 400 uses the stacking connector 100 to reduce the
cost since expensive cables are no longer needed to stack two network
switches. The stacking connector 100 also provides an easier way to stack two
network switches together when the network switches are internal to or attached
to the assembly 400. For example, one of the external uplink ports 515 is not
necessary to stack the two network switches 530, 550. The availability of one of
the external uplink ports 515 provides the ability to add a network connection to
a top of rack switch or an edge switch, which allows an increase in the
bandwidth performance of traffic passing through the switch.

[0035] FIG. 6 illustrates a perspective diagram of a compute system
usable with the assembly of FIG. 3 according to an example. The compute
system 600 includes a chassis 605, a baseboard 410, a first and a second
network switch 530, 550, and two cartridges 610, 680. The chassis 605
includes an array of slots 505. The array of slots 505 are formed with at least
one slot aligning with the first and second baseboard connectors 420, 440. The
baseboard 410 includes the first and second baseboard connectors 420, 440,
and a first and second network connector 432, 454 to connect to the first and
second network switches 530, 550 via the first and second switch connectors
532, 554 respectively. The first baseboard connector 420 is illustrated as
connected to the first network connector 432 through the first board connection
470. Similarly, the second baseboard connector 440 is illustrated as connected

to the second network connector 454 through the second board connection 490.
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[0036] The first network switch 530 includes the first switch connector
532 and the second network switch 550 includes the second switch connector
554. One of the cartridges 610 includes the stacking connector 100 with the
first plurality of pins 120, the second plurality of pins 140, and the set of wires
160. The cartridge 610 is illustrated as a separate cartridge that holds the
stacking connector 100 to stack the network switches and no other electronic
components. The stacking connector 100 may be an additional printed circuit
board added to the cartridge or extra space on a printed circuit board on the
cartridge that is used for stacking the network switches. For example, cartridge
680 is illustrated as a generic cartridge and may include a compute module
containing one or a combination of, the stacking connector 100, hard drives,
processors, and heat sinks. The first plurality of pins 120 and the second
plurality of pins 140 to connect to a set of unused baseboard connectors 420,
440, such as a network interface controller card 682 on the other cartridge 680.
[0037] The cartridges 610, 680 are illustrated as top-loading server
cartridges according to an example; however the chassis may also be formed to
receive other cartridges, such as a traditional blade form factor servers. The
stacking connector 100 is not dependent on a specific type of server or compute
system. For example, the blade form factor servers would similarly receive the
stacking connector 100 as an additional or unused printed circuit board.

[0038] FIGS. 7-9 illustrate flow charts 700, 800, 900 of methods to stack
two network switches according to examples. FIG. 7 illustrates a flow chart 700
of the method to stack two network switches. In block 720, a stacking
connector is inserted into a slot on a baseboard. The stacking connector
includes a first plurality of pins, a second plurality of pins. The first plurality of
pins connects to a first network switch. The second plurality of pins connects to
a second network switch. In block 740, the two network switches are stacked
using a set of wires to couple the first plurality of pins to the second plurality of
pins. For example, the first and the second plurality of pins may be formed on a
printed circuit board that is part of a server or storage cartridge that has a server

or storage functionality in addition to stacking the network switches, or it may be



WO 2015/047397 PCT/US2013/062635
83268600

a separate printed circuit board that in a cartridge with the sole purpose of
stacking the network switches

[0039] The flow chart 800 of FIG. 8 illustrates that the first plurality of pins
are connected to the first network switch through a first board connection in
block 820. The first board connection connects to a first network connector and
a first baseboard connector on the baseboard. In block 840, the second
plurality of pins connect to the second network switch through a second board
connection. The second board connection connects to a second network
connector and a second baseboard connector on the baseboard.

[0040] Referring to FIG. 9, the flow chart 900 further illustrates the
method to connect the first network switch to the baseboard in block 920. The
first network switch is connected to the baseboard by connecting a first network
connector to a first switch connector. Similarly, in block 940, the second
network switch is connected to the baseboard by connecting a second network
connector to a second switch connector.

[0041] Although the flow diagrams 700, 800, 900 of FIGS. 7-9 illustrate
specific orders of execution, the order of execution may differ from that which is
illustrated. For example, the order of execution of the blocks may be scrambled
relative to the order shown. Also, the blocks shown in succession may be
executed concurrently or with partial concurrence. All such variations are within
the scope of the present invention.

[0042] The present disclosure has been described using non-limiting
detailed descriptions of examples thereof and is not intended to limit the scope
of the present disclosure. It should be understood that features and/or
operations described with respect to one example may be used with other
examples and that not all examples of the present disclosure have all of the
features and/or operations illustrated in a particular figure or described with
respect to one of the examples. Variations of examples described will occur to
persons of the art. Furthermore, the terms "comprise," "include," "have" and
their conjugates, shall mean, when used in the present disclosure and/or claims,

"including but not necessarily limited to."
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[0043] It is noted that some of the above described examples may
include structure, acts or details of structures and acts that may not be essential
to the present disclosure and are intended to be exemplary. Structure and acts
described herein are replaceable by equivalents, which perform the same
function, even if the structure or acts are different, as known in the art.
Therefore, the scope of the present disclosure is limited only by the elements

and limitations as used in the claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A stacking connector comprising:
a first plurality of pins to connect to a first network switch;
a second plurality of pins to connect to a second network switch;
and
a set of wires to couple the first plurality of pins to the second
plurality of pins, the first plurality of pins and the second plurality of
pins to stack the first network switch and the second network
switch.

2. The stacking connector of claim 1, wherein each wire of the set of wires
comprise a copper trace.

3. The stacking connector of claim 1, wherein each wire of the set of wires
comprise an optical fiber.

4. The stacking connector of claim 1, wherein the set of wires comprise a

single ended connection.

5. The stacking connector of claim 1, wherein the set of wires comprise a

differential connection.

6. The stacking connector of claim 1, wherein the stacking connector is

usable with a server cartridge.

7. The stacking connector of claim 1, wherein the first plurality of pins
comprises a first set of peripheral component interconnect express (PCle)
connector pins, and the second plurality of pins comprises a second set of

peripheral component interconnect express (PCle) connector pins.

11
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8. An assembly to connect two network switches in a compute system, the
assembly comprising:
a baseboard including:

at least two network connectors,

at least two baseboard connectors, and

a plurality of board connections that connect the at least
two network connectors to the at least two baseboard connectors;
and
a stacking connector connected to the at least two baseboard

connectors, the stacking connector including:

a first plurality of pins to connect to a first network switch via
a first baseboard connector of the at least two baseboard
connectors;

a second plurality of pins to connect to a second network
switch via a second baseboard connector of the at least two
baseboard connectors; and

a set of wires to couple the first plurality of pins to the
second plurality of pins, the first plurality of pins and the second
plurality of pins to stack the first network switch and the second

network switch.

9. The assembly of claim 8, further comprising:

a first network switch including a first switch connector to connect
the first network switch to a first board connection via a first network
connector; and

a second network switch including a second switch connector to
connect the second network switch to a second board connection via a

second network connector.

10.  The assembly of claim 8, further comprising an array of slots aligned with
the baseboard such that at least one slot of the array of slots aligns with the first

baseboard connector and the second baseboard connector.

12
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11.

The assembly of claim 8, further comprising a storage cartridge to

connect to the baseboard, the storage cartridge including the first plurality of

pins and the second plurality of pins.

12.

assembly of claim 8, further comprising a server cartridge, the server

cartridge includes the stacking connector.

13.

14.

15.

A method to stack two network switches comprising:

inserting a stacking connector into a slot on a baseboard, the
stacking connector including:

a first plurality of pins to connect to a first network switch,
and

a second plurality of pins to connect to a second network
switch; and
stacking the first network switch and the second network switch

using a set of wires on the stacking connector to couple the first plurality

of pins to the second plurality of pins.

The method of claim 13, further comprising:

connecting the first plurality of pins to the first network switch
through a first board connection, the first board connection connects to a
first network connector and a first baseboard connector on the
baseboard; and

connecting the second plurality of pins to the second network
switch through a second board connection, the second board connection
connects to a second network connector and a second baseboard

connector on the baseboard.

The method of claim 13, further comprising:
connecting the first network switch to the baseboard by connecting

a first network connector to a first switch connector; and

13
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connecting the second network switch to the baseboard by

connecting a second network connector to a second switch connector.

14
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