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Connector With Thermal Management

RELATED APPLICATIONS

10001}  This application claims priority to United States Provisional Application No.

61/866,864, filed August 16, 2013, which 1s incorporated herein by refercnce in ifs entirety.

TECHNICAL FIELD

[0062]  This disclosure relates to ficld of 10 connectors, more specifically to the tield of

receptacle configured to manage thermal energy.

DESCRIPTION OF RELATED ART

{60637 Toput/Output {(/0) connectors are cormmonly used to provide connectivity between
boxes or racks of computers, routers and switches. Commonly used formats of VO
connectors clude Small form-factor pluggable (SFP), Quad small form-factor pluggable
(QSFP), miniSAS, mmiSAS HD and PCle &x connectors. These connectors include plugs
and receptacles that arc defined by standard bodics and intended to provide rcliable
performance regardless of the vendor. As shown in Fig. 1, for example, the housing 10 of a
receptacie typically s mounted on a circuit board 5 and can support a set of waters 12 that
provides rows of terminals 14. Many variations in the shape of the wafers and spacing of the

rows and the housing exist, depending on the application.

10064] While the mechanical format of cach connector is defined in a specification,
however, new versions of these connectors are being provided that offer increases in
performance. For example, SFP connectors inttially were used in systems that used non-
return to zero (NRZ) encoding and the channels were intended to offer data rates of 1-5 Gbps
range. Subsequent SFP+ connectors were developed to support 10 Gbps channel. Future
versions of SFP style connectors can support 16 and even 25 Gbps. As can be expected, the
cable assemblies are available in passive versions and active verstons (such as active copper
and optical). Due to the substantial incrcase in cost that results from using an active cable,

passive copper cable assemblies are used when possible.
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[00065] While the enginecring work to cnable these high data rates in the connector systerm
is challenging, one issuc that has been more difficult to address is the loss in the channel of
copper cable assemblies just due to the physical medium used to carry the signal. Copper
cable assemblies with perfectly accept loss budgets for supporting a data rate of 3 Gbps over
a 10 meter length suddenly becorne too lossy at 25 Gbps (at least when using NRZ encoding),
particularly when the losses in the supporting circuit board are considered. Given the strong
desire in the industry to utilize NRZ encoding duc to its relative case of implementation, it
thas becomes very difficult to use conventional copper cables and support a 10 meter length

at a signaling frequency of about 13 GHz.

{6086]  While it is possible that future advances in materials and cable construction will
make it possible to support longer copper cable runs than about 2 meters, current materials
tend to make 2 meters about maximum length for passive cable systems at 25 Gbps when
using NRZ encoding. While the 2 meter length is not problem for a large number of
applications (such as within a rack}), it has become more common for an active cable
assembly to be positioned in a number of the ports to support runs between different racks.
Active cable assemblies are suited to supporting high data rates (such as 25 Gbps) over long
runs {optical cable assemblies, for example, regularly support runs of 100 meters and more)

and thus are not limited in that regard.

[B087]  One major issue with the increased use of active cables assemblies, however, is the
increased thermal burden the use of such assemblies place on the system. It is common for
an active cable assembly to need to dissipate 3 or more watts of energy. Atieropting to cool a
module that is placed inside an clectrically seal receptacie is relatively challenging. Thus,
certain individuals would appreciate an improvement to the receptacle system used m VO

connectors.

SUMMARY

{0008] A connector is disclosed that can be configured as illustrated in the Figures. The
connector includes a housing positioned in a cage. The cage provides shielding and helps define
two ports that are aligned vertically aligned and correspond to vertically spaced apart card siots

provided by the housing. A thermal fransfor module is provided between the two ports. The

-7
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thermal module directs thermal energy from between the two ports to behind the connector. The
thermal transfor module includes a thermal interface that extends into at least one of the poris and
further includes a heat pipe that is thermally coupled to the thermal interface. In operation,
thermal energy is directed from the thermal interface to the heat pipe and out a rear of the cage.
A heat sink can be provided at the rear of the cage to more ctfectively dissipate thermal energy

from the heat pipe.
BRIEF DESCRIPTION OF THE DRAWINGS

{60039]  The present invention is tllustrated by way of example and not limtted in the
accompanying figures in which like reference numerals indicate siratlar clements and in

which:

{30187  Fig. 1 illustrates a perspective simplified view of an embodiment of a housing

mounted on a circuit board and supporting wafers, as 18 known in the art.

0

{0611  Fig. 1A illustrates a perspective view of an embodiment of a connector.
{00127  Fig. 1B tllustrates an elevated front view of the connector depicted in Fig. 1A,

100137  Fig. 1C tllustrates another perspective view of the embodiment depicted in Fig. 1A

§ie]

100147  Fig. 2 illustrates a perspective view of a cross-section of the embodiment depicted

in Fig. 1C, taken along line 2-2.

[6015]  Fig. 3 iilustrates an exploded perspective view of the embodiment depicted wn Fig.

1A.

{6616]  Fig. 4 iliustrates a perspective view of the embodiment depicted 1o Fig. 1€ with a

heat sink removed for purposes of tlustration.

{00171  Fig. 5 illustrates an exploded perspective view of the embodirent depicted in Fig,

4.

{3818}  Fig. 6 illustrates a simplified perspective view of an embodiment of a housing and

thermal transfer module.
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{00191 Fig. 7A illustrates a perspective view of an cmbodiment of a thermal transfer

module.

{30287  Fig. 78 illustrates an elevated side view of the embodiment depicted in Fig. 7A.
{30211  Fig. 8 illustrates a perspective view of an embodiment of a heat sink.

{30221 Fig. 9 iltustrates a perspective view of another embodiment of a heat sink.

{30231 Fig. 10 illustrates a partially exploded perspective view of the heat sink depicted in

{00247  Fig. 11 illustrates a perspective view of two halves of the heat sink depicted in Fig.

{60257  Fig. 12 illostrates a partially exploded perspective view of the embodiroent

depicted in Fig. 9.

{0026]  Fig. 13 illustrates a perspective view of an embodiment of a connector with a

portion of a heat sink removed for purposes of illustration.

{30271 Fig. 14 illustrates a perspective view of the embodiment depicted 1o Fig. 13 but

with an additional portion of the connector removed for purposes of iflustration.

DETAILED DESCRIPTION

{0028]  The detailed description that follows deseribes exeraplary embodiments and is not
intended to be limited to the expressly disclosed combination(s). Therefore, unless otherwise
noted, features disclosed herein may be combined together to form additional combinations

that were not otherwise shown for purposes of brevity.

{6629] A connector 20 with a thermal management system 70 is disclosed in Figures. In
an embodiment, the comnector 20 includes a cage 40 that helps define a first port 26 and a
second port 28. The connector 20 further includes a mating face 23 and a mount face 24 and
also includes an optional heat sink 0. The cage 40 includes a front edge 43 and a rear wall

44 and can be formed by a top mersber 41a, a bottom roember 416 and a rear member 41c.

4.
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Of course, as is known, a cage could also be formed of a one picce construction that has all
the various sides fold together to form the cage. Thus, the number of cage members is not
intended to be hmiting as there are a range of construction techuiques for cages that are used
in pluggable connectors. The cage 40 also includes mounting tails 4% that allow the

connector 20 to be mounted on a supporting circuit board (not shown).

{0038]  To form the ports 26, 28 an insert 90 18 provided. The msert 90 can be positioned
30 as to define the bottom of the top port 26 and the top of the bottorn port 28, As can be

appreciated, the insert 90 includes thermal apertures 92 that will be discussed further below.

180317 A housing 60 is positioned in the cage 40 and the housing 60 provides one or more
card slots 62a, 62b, with at least one card slot aligned with each port 26, 28, As depicted,
cach card slot 62a, 62b includes terminals 65 positioned in terminal channels 66 on two
opposing sides of the respective card slot. A thermal management module 70 1s positioned
between ports 26, 28. While not shown for purposes of brevity, the housing 60 1s configured
to support a set of wafers similar to the set of wafer 12 depicted in Fig. 1 with the set of

wafers supporting the terminals that are posttioned in the card slots.

{032} It should be noted that it is expected that aspects of the depicted embodiments are
rost suitable to stacked connectors but this disclosure is not intended to be so hmuted unless
otherwise noted). As discussed above, the housing 60 can be loaded with a set of wafers that
support terminals so that terminals can be provided that extend from the card slot to a
supporting circuit board.  As depicted, for exarople, the housing 60 provides a set of
vertically spaced apart card slots and in operation, terminals supported by wafers are

positioned in the card slots.

{00331  As noted above, a cage 40 1s positioned around the housing 60 and helps shield the
housing 60. Positioned between the ports 26, 28 is the thermal transfer module 70 that
includes heat pipes 71 and cach heat pipe 71 has a nose 71a and a rear 71b. The heat pipe 7

has a thermal chamber 72 that is thermally connected to the thermal interface 76, which
imcludes a thermal plate 75, In an cmbodiment the thermal plate 75 can be soldered to the
thermal chamber 72. The depicted thermal interface76 further inchides a base 77 that can be
soldered to the thermal plate 75 and the base 77 supports fingers 78 that are configured to
engage av inserted plug connector (not shown} and ditect thermal energy away from the plag

connector toward the thermal chamber 72 via the thermal plate 76. The thermal chamber 72

i
N
'
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mcludes a liquid that, when exposed to the thermal energy, changes phase to a vapor and
travels toward the rear 71b. The hot vapor cools once it 1S in the cooling region 74 and
condenses back into a liquid. The liquid travels back to the thermal charober 72 (capillary
action can be used to direct the liquid back to the thermal chamber 72 if the heat pipe 71 is
not angled) and repeats the process. The depicted heat pipe 71 includes a bend 73 that help
direct the heat pipe 71 from a position that is more ceuntral to the housing 60 (e.g., at least
partially overlapping with the card slot from a vertical alignment standpoint) to a position that

is outside of the housing 68 (as can be appreciated by Figs. 1B and 6).

{6034}  The thermal transfer module 70 is supported by the insert 90,  As can be
appreciated, the fingers 78 are provided in two rows 79a, 79b. The rows of fingers 7%a, 79
are aligned with the thermal apertures 92 and thus the fingers 78 extend through the thermal
aperture 92, In an embodiment the thermal transfer module 70 can be soldered to the

respective top and bottom of the insert 90, however such attachment 1s not required.

{0035]  The thermal transfer module 70, as depicted, includes two heat pipes but could also
use a single heat pipe if desired {the choice and design of the heat pipe{s} will nataraily vary
depending on the need thermal resistance between the port and the heat sink). Thus, while
the use of two heat pipes is expected to increase performance compared to one heat pipe, for
certain applications a heat pipe would be sufficient. Naturally, additional heat pipes beyond
the depicted three could also be added but s expected that additional heat pipes will privaanily
increase cost without significantly improving the performance of the system. Naturally, if
only one heat pipe were used then the location of the vose of the beat pipe might be more

centrally located in the insert.

{30367  As can be appreciated from Fig. 4, the heat pipes 71 are configured to extend
through the rear wall 44 of the cage. The cage 60 1s configured so that there s a first distance
31 between a front edge 43 and the rear wall 44, The depicted heat pipes 71 extend a
distance D2 from the rcar wall 44 to the rear 71b but are within the outer boundarics of the
cage 40 {¢.g., they extend between sides 40a, 40b and top 40¢). The portion of the heat pipe
71 that extends the distance D2 is the cooling region 74. D2 can be configured to be at lcast
10% of D1 and preferably D2 will be at least 30% of D1, One significant benefit of the
construction is that it allows for ganged connectors, particularly with the heat sink 80’ as will

be discussed below. The depicted design allows the depicted embodiment of a 2X1

- -
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connector to be replaced with a 2XIN connector where N will typically be between 1 and 9

but could be as larger if desired.

130371 As depicted in the Figs., two different configurations of a heat sink are disclosed,
heat sink 80 and heat sink 807, While two heat sinks are depicted, it should be noted that any
number of configurations are possible and thus the depicted embodiments are not intended to
be limiting uniess otherwise noted. Heat sink 80 includes fins 82 with apertures 82a that are
configured to extend around the heat pipes 71, The fins 82 are secured to a block 83 and the
block 83 includes apertures 83a that alse allow the heat pipe to pass through the block §3.
One thing that is apparcot frow heat sink 80 is that it will tend to extend past the heat pipes
and thus, while providing Iots of surface area for cooling, may interfere with an attempt fo
place another such comnector divectly against the existing connector.  Or to put it another

way, ganged connectors might be problematic.

{30387  Heat sink RO also is configured to engage the heat pipe 71, bowever heat sink 80’
is configured such that its outside edge §7a s flush with the heat pipe 71 and thus would be
suitable for use in a ganged configuration. Heat sink 807 includes two blocks 83’ are
mtended to join together and cach block 837 include a groove 847 and the groove 847 is
configured to accept transfer member 867, Transfer member 867 is configured to direct
thermal energy from the block 837 to the fins 827, The fins 827 include slots 82a or opening
82b to engage the transfer member 867, lu practice, the block B3, the transfer member 86’
and the fins 82 can all be soldered to the form a half of the heat sink and two halves can be
joined so that heat pipe grooves 897 engage the heat pipes 71 and provide good thermal

transfer thercbetween.

{80397 As noted above, the thermal transfer module 70 includes the thermal interface 76
adjacent the nose that is intended to thermally couple to plug connectors that are mserted into
the ports 26, 2K, The thermal interface 76 directs the thermal energy from the inserted plug
connectors to the heat pipe 71, which functions as discussed above. In operation, for
example, the depicted thermal interface 70 uses the fingers 78 to engage an insert a plug
connector when it 18 inserted and thus help conduct heat from the inseried plug connector to
the heat sink. It should be poted that in alternative ermbodiments i roay be possible io
remove the fingers and rely on convection between the inserted plug connector and the

thermal plate 75, In addition, a traditional basing system {such as spring-like clips could that
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arc used in a riding heat sink designs) could also be used to bias an inserted module toward
the plate and or heat pipe. Thus, the thermal interface 76 can be optimized so that it provides
the needed thermal coupling between an inscried plug connector and the thermal transfer

maodule 70.

{(048]  As depicted, the heat pipe 71 is configured so that it extends in a substantially
horizountal direction {(assurning the expected orientation of a right angle connector is
conventional) on opposite sides of the housing. By making the heat pipe thin it is possible to
provide high efficient thermal transfer between a thermal interface and a corresponding heat
sink. To an alternative embodiment the heat pipe could be angled so as to further improve the
cfficiency of the heat pipe. It is expected, however, that a horizontal heat pipe is sufficiently
etficient at transferring therroal energy such that the additional manufacturing complications
that would result from using an angled heat pipe would not provide a desirable tradeoff, at

icast not when the additional costs was compared to the increase in efficiency.

{0041}  As can be appreciated, the depicted embodiments have the rear member 41¢ being
shid over the heat pipes 71 and then into position so that the cage 40 is formed. The design of
the cage 40 thus is benefited if the rear member 41¢ 18 formed as a separate picce instead of
following the typicaily more desirable design direction of having the rear wall being integral
with the rest of the cage and just folded into position. Ouce the cage 1s asserubled so that the
heat pipes exiend out the rear wall 44, a heat sink {such as heat sink 80, 807) can be mounted
to the heat pipes 71, Such a construction is advantageous because it allows the connector to
be manufactured and even assembled without requiring that the heat sink hang off the rear of
connector during manufacture of the connector or mounting of the connector to the circuit
board. To ensurc good thermal connection between the heat sink and the heat pipes, the heat
sink can be configured to snuggly engage the heat pipes via a slight interference fit.
Alternatively it 1s possible to have a two picce heat sink that is bolted onto the heat pipes ina
manner that ensure a reliable thermal connection between the heat pipe and the heat sink. For
example, the heat sink depicted in Fig. 9 is a basically two simular halves that are connected
together (for example, the two halves can be soldered together). It should be noted that the
depicted fins can also be soldered together so that there is a good thermal connection between
the fins, as 1s known in heat sink design. If desired, the two halves can instead be configured
to be secured together with one or more fasteners and the interface between the heat pipes

and the heat sink can include sore compliance 8o as to ensure a suttable and reliable thermal

-
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connection. The compliance could be provided by a compressible thermal compound or
thermal grease or by having the heat sink slightly compress the heat pipes when the heat sink

1s attached.

{00427 It should be noted that the heat sink can be any desirable design. The depicted
embodiments of the heat sink, for example, show heat sink designs that include a number of
fins that arc supported by a block. The block, which provides mass and strength, could be
omitied. Other heat sinks designs, such as solid blocks or liguid cooled heat sinks, could also
be used in the appropriate application. Thus, the depicted embodiments of heat sinks are not

intended to be hmitimg unless otherwise noted.

{60437 The disclosure provided heretn describes features n terws of preferced and
exemplary embodiments thercof.  Numerous other combodiments, modifications and
vartations within the scope and spirit of the appended claims will occur to persous of ordivary

skill in the art from a review of this disclosure.
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We claim:

1. A connector, comprising:

a housing including a first card slot and a second card slot, the card slots spaced apart,
the housing supporting a plurality terrainals, the terminals including countacts positioned in
the first and second card slots;

a cage positioned around the housing and having a rear wall, the cage defining a first
port and a second port, the first port aligned with the first card slot and the second port
aligned with the sccond card slot; and

a thermal mavagement module with a nose and a rear, the nose positioned between
the first and second port and including a first thermal interface configured to extend into the
first port and a second thermal interface configured to extend into the second port, the
thermal management module including a heat pipe that extends from the nosce to the rear, the
rear extend rearward of the rear wall, wherein the heat pipe is configured to direct thermal

energy from the nose to the rear.

2. The connector of claim 1, further comprising a heat sink that is thermally

coupled to the rear portion.

Y

3. The connector of claim 2, wherein the heat pipe extends out of an aperture in

the rear wall,

4. The connector of claim 3, wherein the cage has a first wall and a second wall
and a top wall and the heat sink is configured to be positioned within a region defined by the

first, second and top wall.

5. The connector of claim 4, wherein the first thermal fnterface includes a

plurality of fingers.

6. The connector of claim 5, wherein the cage further includes an insert that
helps define the first and second port, the thermal management module supported by the

insert.

7. A connector with a mounting face, comprising:

210 -
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a housing with a mounting tace, the housing including a first card slot and a second
card slot, the card slots spaced apart, the housing supporting a pharality of terminals that
extend from 4 mounting face to the card slots;

a cage positioned around the housing and having a rear wall, two side walls and a top
wall;

an jnsert positioned in between the two side walls, the insert and the cage defining a
first port and a second port, the first port aligned with the first card slot and the second port
aligned with the second card slot; and

a thermal management module positioned between the two ports, the thermal
roanagement module including a first thermal inferface that extends into the fivst port and
further including a heat pipe that 18 thermally coupled to the thermal interface, the heat pipe

extending out the rear wall of the cage.

8. The connector of claim 7, wherein the thermal managerment module mcludes a
second thermal interface that extends into the second port, the second thermal interface

thermally coupled to the heat pipe.

9. The connector of claim 8, wherein the heat pipe 1s a first heat pipe and the
thermal management module includes a second heat pipe that extends out the rear wall of the

cage.

10.  The connector of claim 9, wherein the first heat pipe and the second heat pipe

extend on opposite side of the housing,

-11-
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